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I. EXECUTIVE SUMMARY 
  
 
 
 
 
This Final Report describes activities and accomplishments achieved from 30 September 2006 to 28 
September 2018, covering work of the Aquaculture and Fisheries Collaborative Research Support 
Program (AquaFish CRSP, also referred to as Phase I) and the Feed the Future Innovation Lab for 
Collaborative Research on Aquaculture & Fisheries (AquaFish Innovation Lab, also referred to as Phase 
II). For the purpose of this report, these two phases are collectively referred to as the AquaFish Innovation 
Lab, or AquaFish IL. The report focuses more heavily on Phase II (2013-2018) since Phase I 
accomplishments were captured in the AquaFish CRSP Final Report produced in 20121. 
 
The United States Agency for International Development (USAID) looked to AquaFish IL to “develop 
more comprehensive, sustainable, ecological and socially compatible, and economically viable 
aquaculture systems and innovative fisheries management systems in developing countries that contribute 
to poverty alleviation and food security.” 
 
Over the duration of the award, Oregon State University (OSU) as the Lead Institution and Dr. Hillary 
Egna as Director and Lead Principal Investigator partnered with 20 US universities and 58 Host Country 
institutions representing 21 countries; and extended its reach to a total of 294 institutions through funded 
partnerships and collaborative linkages. Together the organization engaged in collaborative research 
focused on increasing food security, income, and household health of poor and vulnerable populations 
and building human and institutional capacity through research, technology development, and training 
students and stakeholders at all levels. The mission of the AquaFish IL was to enrich livelihoods and 
promote health by cultivating international multidisciplinary partnerships that advance science, research, 
education, and outreach in aquaculture and fisheries.  
 
AquaFish Phase I and II research covered a variety of topics, including value chain analysis, sustainable 
feed technology, best management practices, impacts of aquaculture on human nutrition, policy 
development, marketing and trade, and environmental impact mitigation. AquaFish IL led 165 
investigations under four Implementation Plans, with a goal of maximizing research impacts and building 
capacity in host countries. Research focused on improving sustainability of aquaculture through the 
development of innovative technologies and outreach techniques that enhance the sustained well-being of 
the poor. Eighty-four (84) innovative aquaculture technologies were developed by AquaFish IL 
researchers since 2006. 
 
Significant progress was made in the field of sustainable feed technologies. Research in Vietnam to 
develop a plant-based fish feed paved the way for more sustainable feed technology for snakehead 
aquaculture that reduced pressures on a fishery that supplies an important food source for rural 
communities in the region. Expansion of this and related research in Phase II helped lead to the lifting of a 
more than 10-year ban on snakehead aquaculture in neighboring Cambodia. As in the snakehead feed 
development in Vietnam, research in Phase II built upon Phase I work. Reduced and alternate-day feeding 
strategies in the Philippines preceded work in Bangladesh that looked at the effects of such strategies on 
the gut microbiome and nutrient uptake of fish (tilapia). Phase I research on the assessment of the 

                                                        
1 Aquaculture & Fisheries Collaborative Research Support Program. October 2012. Evans, F. and Egna, H. (eds). 
Draft Final Report. AquaFish CRSP, Oregon State University, Corvallis, Oregon, 491 pp.  
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potential of African lungfish aquaculture in Uganda led to growout and reproduction experiments in 
Phase II. 
 
In Ghana, Kenya, Uganda, and the US, Phase I and II activities developed cell phone technologies that 
help address weaknesses in the aquaculture value chain. Through partnerships involving the private sector 
and NGOs, we tested and implemented cell phone applications that supply market information to both 
sellers and buyers. These innovative technologies can help expand the flow of information throughout the 
value chain, leading to reductions in post-harvest losses and marketing costs.  
 
The AquaFish IL collaborated with international partners and institutions in order to build human and 
institutional capacity in developing countries and to ensure sustainable solutions that are appropriate and 
applicable to regional conditions. HICD work focused on short- and long-term trainings; institutional 
strengthening; mentoring; young scientist opportunities; and gender equity. We built and maintained 
collaborative partnerships with governmental research institutions, public and private sectors, non-
governmental organizations, professional organizations, and international scientific associations. We 
supported 633 students at 50 universities and institutions in 27 countries since 2006, and trained more 
than 11,000 people at 348 training events, including workshops, on-farm trainings, and train-the-trainer 
activities. 
 
The AquaFish IL built institutional capacity by assisting in the development new curricula and degree 
programs in aquaculture and aquatic sciences at regional universities. Kwame Nkrumah University of 
Science and Technology in Ghana was recognized by the Ministry of Fisheries and Aquaculture 
Development for its contributions to aquaculture promotion and training. Similar training activities and 
demonstration facilities were supported by AquaFish IL over the years, including aquaponics 
demonstrations at University of Eldoret in Kenya, as well as the school pond project in Nepal. 
 
The AquaFish IL made significant breakthroughs in gender integration, with women accounting for 
nearly half (48%) of all long-term, degree-seeking students supported since 2006. Activities were 
required to follow a Gender Inclusiveness Strategy and include at least one activity focused on women. 
Noteworthy women-focused research included training women in Zanzibar, Tanzania, on spat collection 
techniques and growing of pearl oysters with a goal of providing much needed alternative income 
sustainably. In addition to being trained on techniques, the women increased their livelihoods through the 
sale of pearl jewelry, eventually earning enough to build houses, buy a fishing boat, and pay school fees.  
 
From 2006 to 2018, AquaFish IL actively engaged technical and lay audiences through multiple media 
channels in an effort to broadly extend and publicize program achievements. In addition to programmatic 
publications and reports, AquaFish IL generated more than 325 articles in peer-reviewed journals and 
trade journals, and other outlets included podcasts, radio shorts, interviews for diverse media outlets. 
AquaFish IL also organized and chaired technical sessions and presented data and results at international 
conferences. These venues provided opportunities to showcase AquaFish IL work and to improve upon 
research and capacity building through peer feedback. 
 
The AquaFish IL MT at OSU has gained a wealth of knowledge and experience from creating, 
implementing, and managing the USAID Cooperative Agreement/Leader Award with Associates Award 
from 2006-2018. It is clear that for a program to thrive, there needs to be a solid structure and core idea in 
which to focus efforts, along with policies and practices for building and sustaining respectful 
partnerships. It is essential to be flexible to unforeseen events and circumstances and adaptable to 
emerging issues. 
 
The AquaFish IL MT was successful over the years by annually assessing the successes and obstacles of 
the program and adjusting future activities accordingly. These included realizing effective communication 
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methods for international partners; adjusting field work activities to delays from disasters like flooding, 
earthquakes, and political unrest; and establishing a strong management and administrative strategies to 
field unexpected USAID data requests in a timely manner. 
 
Global demand for food will continue to grow as the population grows. AquaFish IL research and 
capacity building successes since 2006 showcase how aquaculture can help combat food insecurity and 
household nutritional deficiencies. AquaFish CRSP and IL built the foundation upon which aquaculture 
will grow in these regions. The network - built through an innovative vision - grew vast, enrolled diverse 
actors and partners, and helped create self-supporting, self-directed institutions and empowered 
individuals who are situated to address obstacles to growth of the aquaculture sector.  
 

 
Baskets of fish ready to be sold at the Mekong fish market, Cambodia 2011. 
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II. INTRODUCTION 
 
 
 
 
This Final Report describes 2006-2018 activities and accomplishments of the Aquaculture and Fisheries 
Collaborative Research Support Program (AquaFish CRSP) and the Feed the Future Innovation Lab for 
Collaborative Research on Aquaculture & Fisheries (AquaFish Innovation Lab), collectively referred to 
as AquaFish IL. It covers the duration of the AquaFish IL award consisting of two major funding phases: 
Phase I (initially funded from 2006-2011) and Phase II (2013-2018), yet focuses more heavily on Phase II 
since Phase I accomplishments were captured in the AquaFish CRSP Final Report (Evans and Egna, 
2012). This Final Report captures a brief synopsis of program activities and impacts over the past decade, 
providing an overview of the program structure and approach; highlighting research outputs and 
technologies developed; reporting on individuals, groups, and institutions reached through capacity 
building efforts; and identifying key examples of successes, challenges, and lessons learned. The full 
extent of AquaFish IL research and outputs can be found in Annual Reports, Technical Reports, and 
through the many peer-reviewed papers, trade publications, and outreach materials posted on the 
AquaFish IL website (aquafishcrsp.oregonstate.edu/publications).  
 
The AquaFish IL’s long-standing mission has been to enrich livelihoods and promote health by 
cultivating international multidisciplinary partnerships that advance science, research, education, and 
outreach in aquaculture and fisheries. When it was conceived in 2006, AquaFish IL was envisioned as a 
long-term research program, designed around four interrelated themes: 
 

A. Improved Human Health and Nutrition, Food Quality, and Food Safety 
B. Income Generation for Small-Scale Fish Farmers 
C. Environmental Management for Sustainable Aquatic Resources Use 
D. Enhanced Trade Opportunities for Global Fishery Markets 

 
The AquaFish IL was funded by USAID, with major contributions from participating US and Host 
Country institutions, originally housed in USAID’s Economic Growth, Agriculture, and Trade (EGAT) 
Bureau’s Office of Agriculture and then in the Bureau of Food Security (BFS) for Phase II. The AquaFish 
IL was led by a Director within the Management Entity (ME) at Oregon State University (OSU) and the 
program was implemented collaboratively through subcontracting US-based universities which, in turn, 
worked with host country universities and partner institutions. Additional implementation occured with 
the ME directly working on research, capacity building, and outreach with US and host country PIs, 
specialized research associations and institutions, and non-governmental organizations (NGOs). 
 
Phase I of AquaFish CRSP began on 30 September 2006 at OSU, when Dr. Hillary Egna was awarded a 
five-year USAID Cooperative Agreement Leader with Associates Award (CA/LWA). In her proposal to 
USAID, which became the approved AquaFish Phase I CA/LWA, the Director designed the program’s 
research portfolio to be managed through two separate implementation plans over the life of the five-year 
award, with research to be determined by soliciting proposals through two sequential RFPs. The initial 
RFP was released in November 2006, and the second RFP was released in February 2009. Following 
submission, eligible proposals were subjected to a National Science Foundation (NSF)-style external 
review process taking care to avoid Conflicts of Interest. The Director selected the final portfolio of 
projects based on the weight of the external reviews, adherence to the design principles in the RFP, 
approval from USAID, and overall alignment with the approved-AquaFish mission. Seven projects were 
selected focused on research in 16 countries in the following groupings: Ghana, Kenya, and Tanzania; 
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Uganda and South Africa; Cambodia and Vietnam; China, Bangladesh, Nepal, Thailand, and Vietnam; 
Indonesia and the Philippines; Guyana and Mexico; and Mexico and Nicaragua.  
 
During Phase I, AquaFish CRSP completed 106 investigations in partnership with 33 Host Country and 
17 US funded institutions under Implementation Plan (IP) 2007-2009, IP 2009-2011, and three 
subsequent IP 2009-2011 Addenda issued during a hiatus in funding. With an original close down date of 
29 September 2011, external delays in receiving a formal program extension led to a 70% funding 
reduction from previous years’ base levels. With an uncertain future, and significantly reduced staffing, 
the Management Team continued to work toward AquaFish CRSP goals by organizing and attending 
project meetings and scientific conferences, conducting site visits, and managing seven core research 
projects. During this time, a handful of investigations focused on maintaining relationships and 
establishing foundations for Phase II under three areas: air-breathing fishes (ABF), experimental pond 
unit assessment (EPUA), and value chain assessment (VCA). 
 
The much-anticipated invitation for program continuation came on 21 December 2012 from USAID and 
set many changes in motion. The proposal process for Phase II took three months, including a review, 
comment, and revision period. Phase II of AquaFish IL was awarded to Dr. Egna on 28 March 2013 and 
began 31 March, marking the end of a two-year transitional period for closing down ongoing work from 
Phase I while maintaining potential existing projects to move forward into Phase II. Significant changes 
within USAID prompted a number of adjustments as the program transitioned into Phase II. The most 
visible difference was in the program name, which USAID changed to Feed the Future Innovation Lab for 
Collaborative Research on Aquaculture & Fisheries. As part of the new BFS, established in 2010 to 
manage the US Government’s Feed the Future initiative, AquaFish IL was moved under the Program for 
Research on Nutritious and Safe Foods, which “addresses undernutrition, especially in women and 
children, by increasing the availability and access to nutrient dense foods through research on horticulture 
crops, livestock, fish and dairy, food safety threats such as mycotoxins and other contaminants and on 
household nutrition and food utilization” (R. Bertram, 7 December 2012). AquaFish IL was also asked to 
consolidate projects and focus research more intentionally on fewer species and in fewer countries in only 
Asia and Africa. As a result, many of the non-Feed the Future (FTF) focus countries phased out of the 
AquaFish IL research portfolio in Phase II, including all of Latin America and the Caribbean.  
 
Once the five-year Phase II award was in place in 2013, the Director began Phase II within one week by 
releasing a restricted RFP to solicit proposals from successful partners who had participated in Phase I, as 
well as opened up the program to new partners for work in Burma. In addition to setting up the 
framework to initiate new projects, the ME hired new management team members in Spring and Summer 
2013 to re-staff to full operational levels. Also in 2013, to coordinate partners and collaborators, the MT 
held three workshops for project participants: the Africa Regional Workshop in Ghana, the AquaFish 
Phase II Orientation Workshop in Washington DC, and the Asia Regional Workshop in Cambodia. 
 
Similar to Phase I, the Director designed Phase II to include two separate implementation plans over the 
life of the five-year extension with the research portfolio determined from two sequential RFP processes. 
Proposals underwent NSF-style external review and programmatic review to ensure quality of research 
and alignment with program objectives. Resulting successful projects focused on 9 countries in 5 
groupings: Kenya and Uganda, Bangladesh and the Philippines, Ghana and Tanzania, Cambodia and 
Vietnam, and Nepal. A sixth, US-based project focused on Burma was initiated in 2016.  
 
In Phase II, the AquaFish IL continued to bring together resources from US and Host Country institutions 
and partners to strengthen the capacities of its participating institutions, increase the efficiency and 
sustainability of aquaculture in environmentally and socially acceptable ways, and disseminate research 
results to a broad audience. During Phase II, AquaFish IL partnered with 13 US and 13 HC institutions, 
and extended it’s reach to an additional 62 collaborative institutions, towards initiating and completing 59 
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research investigations under IP 2013-2015 with two subsequent IP 2013-2015 Addenda, and IP 2016-
2018 with one subsequent IP 2016-2018 Addendum. 
 
Two Associate Awards were received under the AquaFish IL Leader Award at OSU. The first Associate 
Award from USAID/Mali, focusing on rice-fish aquaculture and fisheries management in Mali and 
building south-south partnerships, ran from October 2007 through December 2010. The second began in 
2010, funded under USAID’s Strategic Investment in Rapid Technology Dissemination (SIRTD) 
Program, and focused on enhancing the profitability of small aquaculture operations in Ghana, Kenya, 
and Tanzania, and ended December 2014. Thematically, the AquaFish IL focused on aquaculture with its 
core funds, and on both aquaculture and fisheries with its Associate Awards.  
 
Collectively, the AquaFish IL leader award and the associate awards conducted research and developed 
human and institutional capacity in host countries towards the overall mission of enriching livelihoods 
and promoting health. Since inception in 2006, the AquaFish IL conducted 165 investigations in, or in 
partnership with researchers from Bangladesh, Brazil, Burma, Cambodia, China, Ghana, Guyana, 
Honduras, Indonesia, Kenya, Mali, Mexico, Nepal, Nicaragua, Philippines, South Africa, Tanzania, 
Thailand, Uganda, and Vietnam. Strong relationships enabled the AquaFish IL to leverage nearly 7 
dollars of extramural support for every dollar committed by USAID. Scholarly output has been significant 
through the publication of over 325 peer-reviewed journal articles. Capacity building efforts supported 
over 600 degree-students, of whom 48% are women. All of these students are now part of an international 
network of aquaculture scientists and professionals, ensuring the long-term success of in-country 
accomplishments. Over 11,000 individuals have benefitted from 348 short-term training events on a 
variety of topics offered by the AquaFish IL around the world. The AquaFish IL left a lasting legacy of 
collaboration across borders, disciplines, and cultures and the generational significance of AquaFish IL’s 
capacity building efforts will continue to pay dividents for many years to come.  
 
 

 
Women learning about pond aquaculture best management practices at a workshop, Tanzania 2010. 
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III. PROGRAM HIGHLIGHTS AND KEY 
ACCOMPLISHMENTS 

 
 
Since 2006, OSU as Management Entity served as the Lead Institution for the AquaFish Innovation Lab 
Leader Award, as well as for two Associate Awards. The AquaFish IL mission was built around sound 
science, education, and outreach that improve the health and well-being of vulnerable communities. 
Through the duration of the program, the AquaFish IL worked towards success by building and 
strengthening international multidisciplinary partnerships to collectively produce and disseminate reliable 
research regarding aquaculture and fisheries innovations around the world. 
 
As part of the AquaFish IL CA/LWA, OSU partnered with a total of 20 US universities and institutions 
and 58 Host Country organizations in Africa, Asia, and LAC to conduct research and capacity building 
efforts directly benefiting 21 countries. Through subcontracts with nine US universities (Auburn 
University, Michigan State University, Montana State University, North Carolina State University, 
Purdue University, University of Connecticut – Avery Point, University of Hawaii at Hilo, University of 
Arizona, and University of Michigan) AquaFish IL completed 165 investigations and two Associate 
Awards since 2006.  
 
Outputs and achievements in research, capacity building, information dissemination, and gender 
integration are measured relative to qualitative and quantitative targets identified in the USAID-approved 
Monitoring and Evaluation (M&E) Plan and Feed the Future Monitoring System (FTFMS), included in 
Appendix D. Selected among many, key accomplishments and highlights from 2006 to 2018 are 
summarized below. 

Research and Technology Development 
Eighty-four (84) innovative aquaculture technologies were developed in Africa, Asia, and Latin America 
and the Caribbean since 2006. In developing these technologies, the AquaFish IL involved food security 
enterprises, producer organizations, women’s groups, trade and business associations, and community-
based organizations. In Uganda, Ghana, and Kenya, the AquaFish IL worked with fish farmers to develop 
mobile phone applications and information networks to address aquaculture information needs, improve 
efficiencies in the value chain, and reduce post-harvest loss. 
 
The development of feeds and feeding strategies that reduce costs and improve growth and production, 
while also mitigating negative environmental impacts that result from over-feeding, has been a major 
focus of AquaFish IL research. More specifically, research focused on affordable and locally-sourced 
feeds, examined how pulsed feeding strategies affect fish gut microbiomes to improve nutrient uptake 
efficiency from feeds, and on substitutions for animal protein components in fish feeds. Fishmeal, the 
traditional protein component of commercial fish feeds, is not environmentally or economically 
sustainable, thus reducing fishmeal in diets can reduce environmental pressure and lower feed costs. 
AquaFish IL feeds research played a large role in the lifting of a more than 10-year long ban on 
snakehead culture in Cambodia. Through the development of sustainable feeding strategies that focused 
on plant-based pelleted feeds for the highly carnivorous fish, as well as successful hatchery technology, 
research in Cambodia and Vietnam contributed to an economically and ecologically sustainable 
snakehead aquaculture sector. The lifting of this ban has the potential to increase food security and well-
being for millions of disadvantaged people in the region who depend on fisheries and other ecosystem 
services for food, income, and livelihoods. 
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Human and Institutional Capacity Development 
Since program inception in 2006, the AquaFish IL fostered linkages with approximately 300 institutions 
globally. The AquaFish IL mentored 633 students in long-term degree programs at US and HC 
institutions since 2006, including six Norman E. Borlaug Leadership Enhancement in Agriculture 
Program (Borlaug LEAP) fellows. Three-hundred and forty-eight (348) short-term training events were 
held since 2006, reaching a total of 11,437 participants, and included workshops, on-farm trainings, and 
train-the-trainer events to target a range of audiences. 
 
The AquaFish IL supported the development of new degree programs and curricula at HC universities. 
Kwame Nkrumah University of Science and Technology (KNUST) in Ghana received a Certificate of 
Merit in recognition of its role in the development of aquaculture in the country. KNUST partners shared 
credit with AquaFish IL for substantial contributions towards human and institutional capacity building in 
Ghana. In Kenya, students and fish farmers gained exposure to aquaponics by helping develop a low-cost, 
medium-scale demonstration at the University of Eldoret. The aquaponics demonstration teaches the 
basics of growing plants with nutrient-rich effluent water from aquaculture ponds. Much more significant 
was the creation of the aquaculture program and facility in Moi University, which was at its pinnacle 
when political violence hit in 2008. Later, the Moi aquaculture facility was brought into the University of 
Eldoret. The Moi facility was created by short-term trainings in pond construction and fertilization. 
 
A successful South-South exchange took place between Can Tho University in Vietnam and IFReDI in 
Cambodia, where Vietnamese AquaFish IL researchers transferred information and technologies on 
snakehead cultivation to Cambodian researchers. In addition to curriculum development, HC colleagues 
and their associated institutions built institutional capacity through the management of international 
grants and contracts. In 2015, the research office at Bangladesh Agricultural University (BAU) 
implemented a mechanism to promote and administer multi-institutional 
 collaborations within Bangladesh. AquaFish IL’s collaboration with HC institutions allowed these 
universities to build the administrative infrastructure necessary to be competitive for future international 
awards and enabled the development of multi-institutional collaborations within the HC. AquaFish IL 
continued the Library Donation project created under a previous program to help strengthen libraries in 
Africa, Asia, and LAC, collecting and shipping approximately 1,000 donated scientific references, 
textbooks, and journals to HC libraries around the world.  
 
AquaFish IL sponsored numerous awards for students, early career scientists, and outstanding researchers 
over the years, including the Yang Yi Young Scientist Fellowships, Best Paper awards at the International 
Institute of Fisheries Economics and Trade biennial conferences, and the African Professional 
Fellowships at WAS. In addition, AquaFish IL organized, sponsored, and chaired more than 30 
professional international conferences and symposia. These activities built and strengthened networks, 
provided opportunities for research to be disseminated to international audiences, and supported 
innovative researchers to carry on the message of sustainable aquaculture and fisheries practices well into 
the future.  

Information Dissemination 
The AquaFish IL disseminated findings to stakeholders through multiple avenues including the AquaFish 
IL website, social media sites, newsletters, conference presentations, scientific journals, public 
conversations, media interviews, trade magazines, and peer-reviewed publications. The AquaFish IL 
published AquaNews (a quarterly newsletter), EdOpNet (a monthly newsletter of educational and 
employment opportunities in fisheries and aquaculture), success stories, and activity briefs; and produced 
twenty AquaFish IL-related videos and posted them online (YouTube and Vimeo) for widespread 
viewership over the years. 
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The scientific strength and accomplishments of the AquaFish IL are evidenced by over 325 publications 
on AquaFish IL-supported research and data since program inception in 2006, in addition to the program-
required reports, such as Annual Reports, Annual Work Plans, and Final Reports, as well as internal 
programmatic reports, such as Implementation Plans, Site Descriptions, as well as Gender, Training, and 
Outreach Plans. 

Gender Integration 
From the beginning, the AquaFish IL has been dedicated to improving gender equality. Gender 
integration is implicit and interwoven into targets, benchmarks, and indicators throughout the M&E Plan. 
All research projects were required to address gender integration within their planned scope of work with 
a Gender Inclusiveness Strategy. In addition, each project was required to include at least one outreach 
activity that focused on increasing participation by women. AquaFish IL collected and analyzed gender-
disaggregated data in order to gauge gender inclusiveness and success. Strategies for engaging women 
were adapted, as needed, as AquaFish IL worked towards the 50% benchmark for training women in 
formal and informal education, and for retaining women scientists and administrators in all facets of 
AquaFish IL operations.  
 
Women comprise 48% of the long-term, degree students supported by AquaFish IL since 2006. Beyond 
the formal capacity building effort, gender integration was a cross-cutting theme of the research portfolio. 
In Zanzibar, Tanzania, research empowered women in coastal communities through spat collection 
experiments with a goal of providing much needed alternative income in a sustainable way. As women 
play a significant role in the pearl culture industry, they were involved in experiments and were provided 
training on entrepreneurship skills. In Nepal, 15 women from the Sunderdeep Women’s Fish Farmer’s 
Cooperative joined 12 men and three additional women from the Mishrit Cooperative to participate in a 
periphyton enhancement study. In other AquaFish IL host countries, women were included and trained in 
aquaculture techniques such as processing, pond management, marketing, and needs assessment. 
Thoughtful and deliberate planning of these types of activities enhances gender equity and the 
sustainability of integration strategies. 
 
 
 

 
Integrating nutrient-rich small fish (Mola) and vegetables with prawn-carp gher farming in southwest 

Bangladesh. 
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IV. RESEARCH PROGRAM OVERVIEW 
AND STRUCTURE 

 
 
 
 
The AquaFish IL was managed to achieve maximum program impacts, particularly for small- to medium-
scale farmers and fishers, in Host Countries (HCs) and more broadly. The AquaFish IL program 
objectives addressed the need for world-class research, capacity building, and information dissemination. 
Specifically, AquaFish IL worked to: 
 

• Develop sustainable end-user level aquaculture and fisheries systems to increase productivity, 
enhance international trade opportunities, and contribute to responsible aquatic resource 
management; 

• Enhance local capacity in aquaculture and aquatic resource management to ensure long-term 
program impacts at community and national levels; 

• Foster wide dissemination of research results and technologies to local stakeholders at all levels, 
including end-users, researchers, and government officials; and 

• Increase Host Country capacity and productivity to contribute to national food security, income 
generation, and market access. 

 
The overall research context for the projects described in this Final Report is poverty alleviation and food 
security improvement through sustainable aquaculture development and aquatic resources management. 
Discovery through research and technology development forms the core of projects. Projects also 
integrated institutional strengthening, gender, outreach, and capacity building through activities such as 
training, formal education, workshops, extension, and conferences to support the scientific research being 
conducted. 
 
Projects under the AquaFish IL Leader Award focused on one or two USAID-eligible countries within a 
region, and may include activities in nearby countries within the same region. All projects received 
USAID country-level concurrence prior to award. The two Associate Awards, reported on separately 
(http://aquafishcrsp.oregonstate.edu/associate-awards), had slightly different structures to address the 
specific needs of USAID’s Mali Mission and SIRTD Program. 

RESEARCH PROJECTS 
 
The AquaFish IL research portfolio was managed through a series of two-year Implementation Plans, 
with research determined by soliciting proposals through coinciding RFPs. Following submission, eligible 
proposals were subjected to an NSF-style external review process. The Director selected the final 
portfolio of projects based on the weight of the external reviews, adherence to the design principles in the 
RFP, and overall alignment with the approved-AquaFish mission. Seven projects focused on research in 
16 countries were selected for Phase I with research conducted as part of Implementation Plans 2007-
2009, 2009-2011, and 2011-2013 for the transitional period between Phase I and Phase II; and five 
successful projects from Phase I were solicited to submit proposals for Phase II with research conducted 
as part of Implementation Plans 2013-2015 and 2016-2018.  
 
Each project focused on one of AquaFish IL’s primary global themes (or goals), and integrated all four 
themes in a systems approach. The cross-cutting global themes, listed below, addressed several specific 
USAID policy documents and guidelines: 
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A. Improved Human Health and Nutrition, Food Quality, and Food Safety 
B. Income Generation for Small-Scale Fish Farmers and Fishers 
C. Environmental Management for Sustainable Aquatic Resources Use 
D. Enhanced Trade Opportunities for Global Fishery Markets 

 
In addition to the global themes guiding project development, projects were formed around core program 
components, as identified by USAID: a systems approach; social, economic, and environmental 
sustainability; capacity building and institution strengthening; outreach, dissemination, and adoption; and 
gender integration. USAID also encouraged the AquaFish IL to address biodiversity conservation and 
non-GMO biotechnology solutions to critical issues in aquaculture.  
 
Each overall project described a comprehensive development approach to a problem and revolved around 
ten specific areas of inquiry called Topic Areas. Each project contained between four and eight 
investigations for each Implementation Plan. Project investigations focused on more than one topic area 
in describing aquaculture research to improve diets, generate income for smallholders, manage 
environments for future generations, and enhance trade opportunities.  
 
A systems approach required that each AquaFish IL project integrate topic areas (listed below and 
described later in this Section) from the following two categories: 
 
Integrated Production Systems 

• Production System Design & Best Management Alternatives (BMA) 
• Sustainable Feed Technology (SFT) 
• Climate Change Adaptation: Indigenous Species Development (IND) 
• Quality Seedstock Development (QSD) 

 
People, Livelihoods, and Ecosystem Interrelationships 

• Human Nutrition and Human Health Impacts of Aquaculture (HHI) 
• Food Safety, Postharvest, and Value-Added Product Development (FSV)  
• Policy Development (PDV)/Technology Adoption & Policy Development (TAP)  
• Marketing, Economic Risk Assessment, and Trade (MER)  
• Watershed and Integrated Coastal Zone Management (WIZ) 
• Mitigating Negative Environmental Impacts (MNE) 

 

RESEARCH PROJECT STATISTICS 
 

Fifty-two percent (52%) of AquaFish IL investigations were categorized as Integrated Production 
Systems and 48% as People, Livelihoods, and Ecosystem Interrelationships for Phase I and II research 
projects (Table IV-1). Phase I includes work conducted under Implementation Plan 2007-2009 and 2009-
2011, plus 2011-2013 transitional work between Phase I and Phase II; and Phase II includes work 
conducted under Implementation Plan 2013-2015 and 2016-2018. 
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Table IV-1. AquaFish IL research investigations by Systems Approach and Topic Areas for Phase I and 
Phase II.  
    Number of Investigations  

 Systems Approach Phase I Phase II   

 Topic Area 2007-
2009 

2009-
2011 

2011-
2013* 

2013-
2015 

2016-
2018 

Total Percent 
of Total 

Integrated Production Systems          
 Production System Design & Best Management 

Alternatives (BMA) 
4 7 6 6 5 28 17% 

 Sustainable Feed Technology (SFT) 6 7 0 8 3 24 15% 

 Climate Change Adaptation: Indigenous Species 
Development (IND) 

4 8 2 4 4 22 13% 

 Quality Seedstock Development (QSD) 2 5 0 2 2 11 7% 

 SubTotal 16 27 8 20 14 85 52% 
People, Livelihoods, and Ecosystem 
Interrelationships 

         

 Human Nutrition and Human Health Impacts of 
Aquaculture (HHI) 

5 2 0 4 5 16 10% 

 Food Safety, Post Harvest, and Value-Added 
Product Development (FSV)  

1 3 0 0 2 6 4% 

 Policy Development (PDV)  3 8 0 1 1 13 8% 

 Marketing, Economic Risk Assessment, and 
Trade (MER)  

4 4 6 6 2 22 13% 

 Watershed and Integrated Coastal Zone 
Management (WIZ) 

2 3 0 1 0 6 4% 

 Mitigating Negative Environmental Impacts 
(MNE) 

7 7 0 1 2 17 10% 

  SubTotal 22 27 6 13 12 80 48% 

  Total 38 54 14 33 26 165   

*Investigations included in Phase I under the Implementation Plan 2011-2013 were transitional between 
Phase I and Phase II. 
 

RESEARCH TOPIC AREAS 
 
Topic areas pertained to aquaculture and the nexus between aquaculture and fisheries. Some of the 
following topic areas overlap and are interconnected. Each investigation identified a single topic area that 
best described it. The text under each topic area was provided for illustrative purposes and was not 
prescriptive. 
 
Integrated Production Systems 
• Production System Design & Best Management Alternatives (BMA) 

Aquaculture is an agricultural activity with specific input demands. Systems need to be designed to 
improve efficiency and/or integrate aquaculture inputs and outputs with other agricultural and non-
agricultural production systems. AquaFish IL research must benefit smallholder or low- to semi-
intensive producers, and should focus on low-trophic species for aquaculture development. Design 
systems to limit negative environmental impacts, to improve overall fish health, and optimize 
carrying capacity. Interventions for disease and predation prevention must adopt an integrated pest 
management (IPM) approach and be careful to consider consumer acceptance and environmental risk 
of selected treatments. Innovative research is encouraged on: recirculating and aquaponics systems 
for supplying aquatic products to denser marketplaces in urban and peri-urban areas; integrated 
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systems using shellfish, seaweeds, or other plants and animals; and new solutions for aeration, cold 
storage, and pond operations involving solar or other novel energy sources. 
 

• Sustainable Feed Technology and Nutrient Input Systems (SFT)  
Methods of increasing the range of available ingredients and improving the technology available to 
manufacture and deliver feeds are critical research themes. Better information about fish nutrition can 
lead to the development of less expensive and more efficient feeds. Investigations on successful 
adoption, extension, and best practices for efficient feed strategies that reduce the “ecological 
footprint” of a species under cultivation are encouraged. Research on soil-water dynamics and natural 
productivity to lessen feed needs were fundamental to the Pond Dynamics/Aquaculture (PD/A) and 
Aquaculture Collaborative Research Support Program (ACRSP); critical new areas of research may 
be continued, along with outreach to poor farmers using low-cost, no/low-feed technologies. Feed 
research that lessens reliance on fishmeal/proteins/oils and lowers feed conversion ratios is desired, as 
is research on feeds (ingredients, sources, regimes, formulations) that result in high quality and safe 
aquaculture products with healthy nutrition profiles. Complex pond dynamics technologies need to be 
simplified for use by new farmers; improved applications of pond dynamics technologies for driving 
non-fed plankton-driven systems are applicable where access to feeds is expensive or unreliable.  
 

• Climate Change Adaptation: Indigenous Species Development (IND) 
Aquaculture, like agriculture and other human activities, will feel the effects of long-term climate 
change. Among the myriad challenges, ocean acidification and sea level rise will affect the world’s 
coastal aquaculture operations, much of which occur in poorer countries. Temperature changes will 
test the resiliency of domesticated varietals. Research challenges involve understanding the adaptive 
range of these species, and developing cultivation techniques for new species, such as air-breathing 
fishes. The shifting distribution of global freshwater supplies will pose challenges for the aquaculture 
industry, small farmers, and the marketplace. Genomics tools may be used to characterize candidate 
air-breathing species already being evaluated through previous CRSP research. Domestication of 
indigenous species may contribute positively to the development of local communities as well as 
protect ecosystems. At the same time, the development of new native species for aquaculture must be 
approached in a responsible manner that diminishes the chance for negative environmental, economic,  
and social impacts. Research that investigates relevant policies and practices is encouraged while 
exotic species development and transfer of non-native fishes are not encouraged. A focus on 
biodiversity conservation and biodiversity hotspots, as related to the development of native species 
for aquaculture, is of great interest. Aquaculture, done sensitively, can be a means to enhance and 
restock small-scale capture and wild fisheries resources. (Aquaculture-Fisheries Nexus Topic Area)   
 

• Quality Seedstock Development (QSD) 
Procuring reliable supplies of high quality seed for stocking local and remote sites is critical to 
continued development of the industry, and especially for small-holder private farms. A better 
understanding of the factors that contribute to stable seedstock quality, availability, and quantity for 
aquaculture enterprises is essential. Genetic improvement (e.g., selective breeding) that does not  
involve genetically-modified organisms (GMOs) may be needed for certain species that are 
internationally traded. All genetic improvement strategies need to be cognizant of marketplace 
pressures and trends, including consumer acceptance and environmental impacts. Augmentation of 
bait fisheries through aquaculture to support capture fisheries is an area of interest, provided there are 
no net negative environmental effects. 
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People, Livelihoods, and Ecosystem Interrelationships 
• Human Nutrition and Human Health Impacts of Aquaculture (HHI) 

Aquaculture can be a crucial source of protein and micronutrients for improved human health, growth, 
and development. Research on the intrinsic food quality of various farmed fish for human 
consumption is needed—this might include science-based studies of positive and negative effects of 
consuming certain farmed fishes. Patterns of fish consumption are not well understood for many 
subpopulations. Human health can be negatively impacted by aquaculture if it serves as a direct or 
indirect vector for human diseases. There is interest in better understanding the interconnectedness of 
aquaculture production and water/vector-borne illnesses such as malaria, schistosomiasis, and Buruli 
ulcer and human health crises such as HIV/AIDS and avian flu. Focus on vulnerable populations, 
women and children, and underserved populations, and assess how any given technology will affect 
or improve the welfare of these groups. Research or field-testing with schools and nutrition centers is 
encouraged. (Aquaculture-Fisheries Nexus Topic Area) 
 

• Food Safety, Post-Harvest, and Value-Added Product Development (FSV) 
Ensuring high quality, safe, and nutritious fish products for local consumers and the competitive 
international marketplace is a primary research goal. Efforts that focus on reducing microbial 
contamination, hazard analysis and critical control point (HACCP) controls and hazards associated 
with seafood processing, value-added processing, post-processing, and by-product/waste development 
are of interest. Consumers and producers alike will benefit from research that contributes to the 
development of standards and practices that protect fish products from spoilage, adulteration, 
mishandling, and off-flavors. Processing waste can claim up to 70% by weight of finfish depending 
on the species and manner processed, and post-harvest losses can claim around 30%. Partnering with 
other groups and co-developing outreach techniques to reduce post-harvest losses can significantly 
contribute to the amount of fish available for consumption, thus, contributing to the nutrition goals of 
USAID’s Feed the Future Initiative. Certification, traceability, product integrity, and other efforts to 
improve fish products for consumer acceptance and international markets are desired. Gender 
integration is important to consider as women are strongly represented in the processing and 
marketing sectors, and throughout much of the value chains. (Aquaculture-Fisheries Nexus Topic 
Area) 
 

• Policy Development (PDV)* 
Policy initiatives that link aquaculture to various water uses to improve human health are needed. 
Areas of inquiry can include institutional efforts to improve extension related to aquaculture and 
aquatic resources management; science-based policy recommendations targeting poor subpopulations 
within a project area, or more broadly (e.g., national aquaculture strategies); methods of improving 
access to fish of vulnerable populations including children (e.g., school-based aquaculture programs); 
science-based strategies for integrating aquaculture with other water uses to improve well-being, such 
as linkages with clean drinking water and improved sanitation. Additionally, social and cultural 
analyses regarding the impacts of fish farming may yield critical information for informing policy 
Development. 
*Referred to as "Technology Adoption & Policy Development” (TAP) in Phase I. 
 

• Marketing, Economic Risk Assessment, and Trade (MER) 
Aquaculture is a rapidly growing industry and its risks and impacts on livelihoods need to be assessed. 
Significant researchable issues in this arena include cost, price, and risk relationships; domestic 
market and distribution needs and trends; the relationships between aquaculture and 
women/underrepresented groups; the availability of financial resources for small farms; and the 
effects of subsidies, taxes, and other regulations. Understanding constraints across value chains in 
local, regional, and international markets is of interest, especially as constraints affect 
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competitiveness, market demand, and how to link producers to specific markets. (Aquaculture 
Fisheries Nexus Topic Area) 
 

• Watershed & Integrated Coastal Zone Management (WIZ) 
Aquaculture development that makes wise use of natural resources is at the core of the AquaFish IL 
program. Research that yields a better understanding of aquaculture as one competing part of an 
integrated water use system is of great interest. The range of research possibilities is broad—from 
investigations that quantify water availability and quality to those that look into the social context of 
water and aquaculture, including land and water rights, national and regional policies (or the lack 
thereof), traditional versus industrial uses, and the like. Water quality issues are of increasing concern 
as multiple resource use conflicts increase under trends toward scarcity or uneven supply and access, 
especially for freshwater. Ecoregional analysis is also of interest to explore spatial differences in the 
capacities and potentials of ecosystems in response to disturbances. Innovative research on 
maximizing water and soil quality and productivity of overall watersheds is of interest. Pollution is a 
huge concern, as over 50% of people in developing countries are exposed to polluted water sources. 
Additionally, aquatic organisms cannot adequately grow and reproduce in polluted waters, and 
aquaculture may not only be receiving polluted waters, but adding to the burden. Rapid urbanization  
has further harmed coastal ecosystems, and with small-scale fisheries and aquaculture operations in 
the nearshore, integrated management strategies for coastal areas are also important. (Aquaculture 
Fisheries Nexus Topic Area) 
 

• Mitigating Negative Environmental Impacts (MNE) 
With the rapid growth in aquaculture production, environmental externalities are of increasing 
concern. Determining the scope and mitigating or eliminating negative environmental impacts of 
aquaculture—such as poor management practices and the effects of industrial aquaculture—is a 
primary research goal of this program. A focus on biodiversity conservation, especially in 
biodiversity “hotspot” areas, as related to emerging or existing fish farms is of great interest. 
Therefore, research on the impacts of farmed fish on wild fish populations, and research on other 
potential negative impacts of farmed fish or aquaculture operations are needed, along with scenarios 
and options for mitigation. (Aquaculture-Fisheries Nexus Topic Area) 

ENVIRONMENTAL MANAGEMENT AND MITIGATION 
 

The following USAID environmental restrictions applied to the projects and the overall program: 
 

• Biotechnical investigations will be conducted primarily on research stations in Host Countries. 
• Research protocols, policies, and practices will be established prior to implementation to ensure 

that potential environmental impacts are strictly controlled. 
• All training programs and outreach materials intended to promote the adoption of AquaFish IL-

generated research findings will incorporate the appropriate environmental recommendations. 
• All sub-awards must comply with environmental standards. 
• Projects will not procure, use, or recommend the use of pesticides of any kind. This includes but 

is not limited to algaecides, herbicides, fungicides, piscicides, parasiticides, and protozoacides.  
• Projects will not use or procure genetically modified organisms.  
• Projects will not use, or recommend for use, any species that are non-endemic to a country or not 

already well established in its local waters, or that are non-endemic and well established but are 
the subject of an invasive species control effort. 
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TERMINOLOGY FOR INVESTIGATIONS 
 

Investigations that generate new information formed the core of projects. Each investigation was clearly 
identified as an experiment, study, or activity, based on the following definitions: 
 

Experiment  A scientifically sound investigation that addresses a testable hypothesis. An 
experiment implies collection of new data by controlled manipulation and 
observation. 

 
Study A study may or may not be less technical or rigorous than an experiment and 

may state a hypothesis if appropriate. Studies include surveys, focus groups, 
database examinations, most modeling work, and collection of technical data that 
do not involve controlled manipulation (e.g., collection and analysis of soil 
samples from sites without having experiments of hypothesized effect before 
collection). 

  
Activity An activity requires staff time and possibly materials but does not generate new 

information like an experiment or a study. Conference organization, training 
sessions, workshops, outreach, and transformation and dissemination of 
information are examples of activities. 

 
Investigations provided a transparent means for evaluating different types of work under AquaFish IL, be 
they quantitative, empirical, biologically-based, qualitative, policy-based, or informal. For each 
Implementation Plan, projects were required to include at least one experiment or study, and at least one 
outreach activity that focused on women or girls. 
 

 
AquaFish IL graduate student from the Inland Fisheries Research and Development Institute studying the 

genetic diversity of striped snakehead in Cambodia and Vietnam, Cambodia 2017. 
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GENERAL RESEARCH PRIORITIES 
 

All projects addressed the following general research priorities: 
 

• Priority Ecosystems  
Inland and coastal ecosystems for aquaculture and aquaculture-fishery nexus topic areas. 
 

• Priority Species 
Low-trophic level fishes, domesticated freshwater fishes, non-finfishes (e.g., bivalves, seaweeds), 
aquatic organisms used in polyculture and integrated systems, and native species. Food fishes are 
a priority but species used for non-food purposes (e.g., ornamental, pharmaceutical) may also be 
included as a priority if they are a vital part of an integrated approach towards food security and 
poverty alleviation.  

 
• Target Groups 

Aquaculture farms (small- to medium-scale, subsistence, and commercial) and aquaculture 
intermediaries, policy makers, and others in host countries. 

 
• Key Partners 

Universities, HC and US government, non-government organizations, private sector, CGIAR, and 
the USAID Food Security Innovation Center. 

 

 
A group learning lab techniques visits with USAID and the AquaFish IL ME, Bangladesh 2014. Photo by 

Hillary Egna. 
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V. RESEARCH PROJECT REPORTS  

 
 
 
The research project reports summarize AquaFish IL research accomplishments under the Leader Award 
from 2006-2018, covering work conducted over the duration of the award. Phase I Research Project 
Reports represent work conducted as part of Implementation Plans 2007-2009, 2009-2011, and for the 
2011-2013 transitional period between Phase I and Phase II. Phase II Research Reports represent work 
conducted as part of the Implementation Plans 2013-2015 and 2016-2018.  
 
Phase I research project reports included herein are largely pulled from the AquaFish CRSP Phase I final 
report (Evans and Egna, 2012), and reflect the status of the research at that time. Findings from the 
AquaFish IL Mali and SIRTD Associate Awards are described in the final report for each project2.  
 
For each lead AquaFish IL project, the research project report includes the project title, location, partner 
institutions, project overview, investigations, and achievements. For each Phase, reports are organized 
around AquaFish IL’s four global themes related to social, environmental, and economic dynamics of 
aquaculture production. Each project focused primarily on one theme, and collectively, the AquaFish IL 
research portfolio represented an integrated systems approach. 
 

Theme A – Improved Human Health and Nutrition, Food Quality, and Food Safety 
Latin America Project: Mexico and Nicaragua (Phase I) 
Africa Project: Ghana & Tanzania (Phase II) 

 
Theme B – Income Generation for Small-Scale Fish Farmers and Fishers 

Africa Project: Ghana, Kenya, and Tanzania (Phase I) 
Africa Project: Uganda and South Africa (Phase I) 
Asia Project: Indonesia & Philippines (Phase I) 
Africa Project: Kenya & Uganda (Phase II) 

 
Theme C – Environmental Management for Sustainable Aquatic Resources Use 

Asia Project: China, Nepal, Bangladesh, and Vietnam (Phase I) 
Latin America Project: Guyana and Mexico (Phase I) 
Asia Project: Bangladesh (Phase II) 
Asia Project: Nepal (Phase II) 

 
Theme D – Enhanced Trade Opportunities for Global Fishery Markets 

Asia Project: Cambodia and Vietnam (Phase I and Phase II) 
 

  

                                                        
2 Bowman, J., H. Coulibaly, C. Ngugi, L. Liu, N. Gitonga, P. Nzungi, Y. Derun, L. Reifke, and H. Egna. 2011. Mali 
Project Final Report: 2007-2010. AquaFish Collaborative Research Support Program, Oregon State University, 
Corvallis, Oregon. 63 pp.  
Goetting, K., C. Price, and H. Egna. 2014. AquaFish SIRTD Associate Award Final Report. AquaFish Innovation 
Lab, Oregon State University. Corvallis, Oregon. 24 pp.  
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RESEARCH PROJECT REPORTS – PHASE I 

THEME A: IMPROVED HUMAN HEALTH AND NUTRITION, FOOD QUALITY, AND FOOD SAFETY 

Latin America Project: Mexico & Nicaragua  
Project Title: Human Health and Aquaculture: Health Benefits Through Improving Aquaculture 
Sanitation and Best Management Practices 
 
Location 
Mexico: Sinaloa and Nayarit 
Nicaragua: Chinanega 
 
Partner Institutions 
USA: University of Hawai'i – Hilo (Lead US Institution), Louisiana State University, Ohio State 
University 
Mexico: Research Center for Food & Development; Universidad Autónoma de Sinaloa, Culiacán Campus; 
Universidad Autónoma de Sinaloa, Mazatlán Campus 
Nicaragua: Centro de Investigación de Ecosistemas Acuáticos-Universidad, Centroamericana (Center for 
Research of Aquatic Ecosystems-Central American University) 
 
Project Overview 
This project focused on poor women and children highly dependent upon bivalve shellfish, mangrove 
resources, and other natural resource extraction in the coastal Latin American region. Research focused 
on improving food security and reduction of food-borne diseases through improved fisheries 
management, small-scale aquaculture, and improved food sanitation practices. Ecological and fisheries 
studies provided information critical to decision-making and planning for coastal communities and 
economic development. Efforts to increase capacity for extension agents and researchers to work in 
bivalve culture, fisheries management and shellfish sanitation were carried out. Communities benefitted 
from improved income and food security through resource co-management cooperatives and small 
shellfish growing businesses. Food safety was enhanced through the development of shellfish sanitation 
plans and the classification of shellfish growing waters to reduce risk of contamination and open the door 
to export markets. Considerable advances were made in developing a new, native fish for aquaculture 
(Dormitator latifrons), which offers potential as a low-cost, low-tech aquaculture species for Latin 
America. 

Project Investigations 
2007-2009 Implementation Plan  
1. Spat Collection, Growth Rates and Survival of the Native Oyster Species, Crassostrea corteziensis, at 

Santa Maria Bay, Mexico (07IND03UH) 
2. Oyster-relaying and Depuration in Open-water Locations (07IND04UH) 
3. Determination of Carrying Capacity of the Boca Camichin Estuary in Reference to Oyster Culture 

(07WIZ02UH) 
4. International Workshop for Aquaculture Sanitation (07HHI03UH) 
5. Regional Workshop on Shellfish Culture and Sanitation (07HHI04UH) 
6. Training in Best Management Practices for the Production of Molluscs in the States of Nayarit and 

Sinaloa (07BMA04UH) 
7. Microbiological Quality of Shellfish Growing Waters and Tissues (07HHI05UH) 
8. Intensive Training and Internship in Bivalve Culture and Shellfish Sanitation (07BMA05UH) 
9. Effects of Environmental Conditions on Gills and Gas Bladder Development in Bimodal-breathers, 

gar (Lepisosteus sp.), pirarucu (Arapaima gigas) and bowfin (Amia calva). (09IND08UH) 
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2009-2011 Implementation Plan  
1. Developing Hatchery Methods for the Mangrove Oyster, Crassostrea corteziensis for the Pacific 

Coast of Mexico (09IND01UH) 
2. Induced Spawning and Larval Rearing of the 'chame' Dormitator latifrons in Laboratory Conditions 

(09IND03UH) 
3. Stock Assessment of 'Chame' Dormitator latifrons in Nayarit and South of Sinaloa México 

(09IND04UH) 
4. Co-management and Bivalve Sanitation for Black Cockles (Anadara spp.) in Nicaragua 

(09HHI01UH) 
5. Capacity Building in Aquaculture, Fisheries Management and Coastal Management for Coastal 

Women. Workshop: 'Opportunities for Coastal Women in Fisheries, Aquaculture and Coastal 
Management' (09HHI02UH) 

 
2011-2013 Implementation Plan 
1. Experimental Pond Unit Assessment in Nicaragua (09BMA13UH) 
2. Developing Feeds for Larval Dormitator latifrons (chame) Larvae (09IND10UH) 
3. Value Chain Analysis for Black Cockles (Anadara tuberculosa and A. similis) (09MER10UH) 
 
Achievements 
Chame (Dormitator latifrons), a fish low on the trophic chain, is a popular aquatic food for poor 
communities throughout the Latin American region. Its use as a source for fishmeal and the dependence 
on wild-caught juveniles for aquaculture are depleting native supplies. CRSP research developed 
techniques for controlled reproduction in captivity, which will open sources for domesticated broodstock, 
with the first successful spawning and rearing of chame. These research accomplishments represent 
significant steps towards the development of broodstock to supply fingerlings for chame aquaculture. 
(09IND04UH) 
 
A two-part workshop on aquaculture sanitation for researchers, practitioners, and community stakeholders 
was conducted at Universidad Autónoma de Sinaloa–Culiacán in September 2008. Part I included a 
conference (19 presentations) and a one-day field trip for 36 stakeholders to a pilot site in Santa Maria 
Bay (Altata) for shellfish polyculture with oyster, pen shell, and shrimp. The Altata site is now targeted 
for “shellfish growing water classification” by the State of Sinaloa and the Mexican Federal Government. 
Part II was conducted in Santiago Ixcuintla (Nayarit). Thirty-nine attendees participated in the conference 
(12 presentations) and two field visits to Pozo Chino and Boca de Camichin, both major oyster growing 
areas. Pozo Chino is now targeted for “shellfish growing water classification” by the State of Nayarit and 
the Mexican Federal Government. (07BMA04UH) 
 
Forty-three attendees, representing educational, private sector and governmental institutions, participated 
in the Regional Workshop on Shellfish Culture & Sanitation held 28–30 September 2009 at Universidad 
Autónoma de Sinaloa–Culiacán. Attendance by representatives of the Aquatic Sanitation Committees 
(ACS) for five of the Mexican States on the Pacific Coast was significant due to ACS's role in providing 
extension services to shrimp and bivalve producers. The workshop offered a networking opportunity for 
the various stakeholders. In this respect, the group’s issuance of the "Declaration of Culiacán" –– a public 
manifesto expressing the needs of the sector and requesting specific actions from industry and responsible 
government agencies –– can be seen as a successful example of a newly established linkage. 
(07BMA04UH) 
 
In the Aserradores Estuary of Nicaragua, 66 families have participated in the CRSP community-based co-
management program for the native black cockle (Anadara spp.) fishery. This program offers a more 
effective management system to the traditional seasonal ban from April to July. CRSP has worked closely 
with these families, involving them in monitoring activities and management of the boundary markers for 
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the no-take areas. To date, CRSP’s accomplishments at the community level can be measured by the 
success of the community partners and cockle collector cooperatives in managing healthy cockle 
populations under the no-take area model. Other evidence of success is in the steps the Nicaraguan 
government has taken to test the community co-management approach in two other estuarine 
communities dependent on cockles. (09HHI01UH) 
 
CRSP research established that the previous standing stock of oysters (~736 MT) cultured in the Boca de 
Camichin Estuary on the Pacific Coast of Mexico was below the maximum sustainable limit projected by 
the study (~1100 MT). The finding was presented to the Boca de Camichin management committee, a 
multi-institutional-governmental organization that is developing and implementing a management plan 
for the area. Based on recommendations, the Mexican government imposed a ban on establishing new 
oyster farms, which will ensure a sustainable oyster industry within the carrying capacity of the estuary. 
(07WIZ02UH) 
 
Crassotrea corteziensis is an important native oyster species in the Mexican State of Nayarit where it 
forms the basis of a thirty year old industry. This industry is based on wild spat collection, which has been 
primarily successful only in the State of Nayarit, limiting production in other regions. CRSP researchers 
from Autonomous University of Sinaloa in Mexico developed hatchery methods to produce C. 
corteziensis eyedlarvae. This hatchery-based method will benefit oyster farmers through higher and more 
reliable seed production. (07IND03UH) 
 
Two regional workshops were held in Nicaragua and Mexico for 127 participants from Nicaragua, 
Mexico, Honduras and El Salvador to exchange experiences and knowledge in the fields of aquaculture, 
fisheries management and coastal management. These workshops were designed to highlight the 
achievements of women’s groups and included topics ranging from cockle fisheries management 
strategies, hatchery and culture methods for mangrove molluscs, ornamental species production, crab 
picking, and value-added/handicraft enterprises. (07HHI03UH) 
 
Another investigation produced a preliminary value chain analysis for the black cockle in Nicaragua. The 
black cockle (Anadara sp.) is an important fisheries and aquaculture product through Latin America. The 
preliminary value chain analysis provided useful information for cockle management. Additionally, 
although the preliminary study was not comprehensive, the findings along with other research results 
indicated that two key points exist in the value chain that would improve benefits to the fishers and 
community-based consolidators/vendors: the depuration and certification of black cockles. Methods were 
developed by which cockles can be depurated and product safety assured in less than three days. UCA  
built a small, solar-powered depuration center in the community of Aserradores which can be easily 
operated by local producers. The Nicaraguan government inspectors have advised, however, that the 
center would not comply with established HACCP requirement unless minor modifications were made. It 
was also found that there was a high level of interest in value-added products made from cockles, which 
could further increase the value to vendors. (09MER10UH) 
 

THEME B: INCOME GENERATION FOR SMALL-SCALE FISH FARMERS AND FISHERS 

Africa Project: Ghana, Kenya, & Tanzania  
Project Title: Improving Competitiveness of African Aquaculture through Capacity Building, 
Improved Technology, and Management of Supply Chain and Natural Resources 
 
Location 
Ghana: Accra, Eastern Ashanti, and Volta Basin 
Kenya: Eldoret 
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Tanzania: Mbeya, Morogoro, and Zanzibar 
 
Partner Institutions 
USA: Purdue University (Lead US Institution), Virginia Polytechnic Institute & State University, 
University of Arkansas at Pine Bluff 
Ghana: Kwame Nkrumah University of Science & Technology 
Kenya: Moi University, Ministry of Fisheries Development 
Tanzania: Sokoine University of Agriculture; Ministry of Natural Resources & Tourism, Aquaculture 
Development Division 
 
Project Overview 
In Tanzania, research identified lower cost feed alternatives from leguminous tree species to replace 
costlier soybean meal used in tilapia diets. Through training in hatchery techniques and management, 
Kenyan farmers now have an additional aquaculture enterprise of raising catfish fingerlings and selling 
them as bait to the longline fishing industry on Lake Victoria. Traders who traditionally sold baitfish from 
natural catches are now engaged in fish farming that has enabled year-round supply of baitfish. Training 
in supply chain management has enabled the development of new market opportunities for fish producers 
in Kenya and Ghana as well as new markets for baitfish producers in Kenya. Farmers have acquired 
knowledge about the environmental effects of their activities and are therefore implementing broadly 
focused environmental BMPs on their farms, especially in Ghana. Studies that analyzed consumer 
preferences for farmed fish have provided valuable information for the development of consumer-driven 
aquaculture production in Ghana and Kenya. 
 
This project addressed needs related to enhancing capacity in production, value chain, and aquatic 
resource management in African aquaculture to ensure the long-term impact of aquaculture on rural 
communities. The vision of this project was an agribusiness-focused aquaculture model for sub-Saharan 
Africa made possible through physical and human capacity development; new and better technology of 
fish production; growth of a whole chain of activities from farm to the consumer; development of 
consumer-driven aquaculture production; development of indigenous species; better management of 
natural resources; and increased profitability of fish production at the farm level. 
 
Project Investigations 
2007-2009 Implementation Plan  

1. Developing Supply Chain and Group Marketing Systems for Fish Farmers in Ghana and Kenya 
(07MER02PU) 

2. Development of Small-scale Clarias Fingerlings as Bait for Lake Victoria Commercial Fisheries 
in Western Kenya (07QSD02PU) 

3. Characterization of Pond Effluents and Biological and Physiochemical Assessment of Receiving 
Waters in Ghana (07WIZ01PU) 

4. Development of Locally Available Feed Resource Base in Tanzania (07SFT06PU) 
5. On Farm Verification of Tilapia-catfish Predation Culture (07MER03PU) 

 
2009-2011 Implementation Plan 

1. Value Chain Development for Tilapia and Catfish Products: Opportunities for Women 
Participation (09MER02PU) 

2. Assessment of Integrated Pond-Cage System for the Production of Nile Tilapia for Improved 
Livelihood of Small-Scale Fish Farmers in Kenya (09SFT02PU)  

3. Develop Feeding Strategies for Moringa oleifera and Leucaena leucocephala as Protein Sources 
in Tilapia Diets (09SFT05PU) 

4. Evaluation of Performance of Different Tilapia Species (09QSD04PU) 
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5. Harnessing the Opportunities and Overcoming Constraints to Widespread Adoption of Cage 
Aquaculture in Ghana (09TAP04PU) 

6. Development and Diversification of Species for Aquaculture in Ghana (09IND06PU) 
7. Training Program in Propagation and Hatchery Management of tilapia (Oreochromis niloticus) 

and catfish (Clarius gariepinus) in Ghana (09QSD05PU) 
8. Effects of ACRSP Intervention Strategies on Aquaculture Development in Kenya (09TAP07PU) 

 
2011-2013 Implementation Plan 

1. Experimental Pond Unit Assessment in Ghana (09BMA10PU) 
2. Assessment of Tilapia Value Chain in Ghana (09MER07PU) 

 

 
Selling fish at a roadside stand, Kenya 2009. 

 
Achievements 
Feed costs remain one of the major constraints to aquaculture development in Africa. Research in 
Tanzanian found that leaf meal made from two local, native leguminous tree species - Leucaena 
leucocephala and Moringa oleifera could replace costly soybean meal in tilapia diets and increase 
profitability for small-scale fish farmers. Lower cost and local availability of these leaf meals make them 
a suitable alternative for small-scale farmers. (09SFT05PU) 
 
In Kenya, one of the environmental issues facing the artisanal fishery of Lake Victoria is the threatened 
status of the native shark-tooth catfish, which is being depleted by Nile perch fishers who use it for 
baitfish. Farmers were trained in hatchery technology and business techniques to farm juvenile catfish and 
sell them as an alternative to wild-caught baitfish. Farmers now successfully sell baitfish in markets along 
the shores of Lake Victoria. Women bait traders who usually did not have income during the closed 
season on Lake Victoria have been trained in pond construction and catfish breeding and are now able to 
farm and supply bait fish throughout the year. (07QSD02PU) 



 

 
 

25 

In Ghana, biological assessment techniques were used to investigate the effects of pond effluent on 
receiving waters. Ponds in the Ashanti and Brong Ahafo regions of Ghana were found to have poorer 
water quality. Effects on receiving waters depended on how effluents were managed, including the 
frequency and volume of releases and the conditions under which effluents were handled before reaching 
receiving waters. Farmers were therefore trained in environmental Best Management Practices (BMPs) in 
aquaculture, including water reuse mechanisms, vegetated ditches/canals, settling basins, draining into 
natural wetlands, and top release of pond water. Farmers are implementing broadly focused 
environmental BMPs on their farms. (07WIZ01PU) 
 

 
Fish farmers learn BMPs for stocking densities in hapas, Ghana 2010. Photo courtesy of Steve Amisah. 
 
In Kenya, CRSP research documented production and economic benefits of integrated cage-cum-pond 
culture techniques, originally developed by Dr. Yang Yi et al. from the ACRSP in Thailand. The cage-
cum pond system results in less waste nutrients being released into receiving waters and can especially 
useful to small-scale fish farmers who want to grow two crops in one pond. The benefits of this system 
include better fish growth, lower feed conversion ratios, and higher fish survival. (09SFT02PU) 
 
Small- and medium-scale fish farmers in Ghana and Kenya were trained on value chain, supply chain 
management, individual and group marketing, new market development, and distribution and marketing 
networks. Farmers have successfully accessed urban markets and engaged in collective efforts 
(commonly called ‘clusters’) to plan production, and manage supply and sales. Kenyan baitfish farmers 
are using the cluster farming system to achieve significant improvements in their marketing capabilities 
and assisting other farmers in adopting the collective model. (07MER02PU, 09MER02PU) 
 
The focus on the development of consumer driven aquaculture entailed a study of the preferences of 
consumers in urban Ghana and Kenya for farmed tilapia and catfish in order to enable the aquaculture 
industry to strategize and respond to demand in the domestic market. Results show Ghanaian consumers 
prefer smoked and grilled tilapia and catfish while consumers in Kenya prefer fresh and fried forms of 
tilapia and catfish. The sensory, functional and symbolic attributes of farmed tilapia and catfish, and the 
socio demographic features of consumers were also found to be important determinants of consumer 
preferences in both countries for farmed fish. The results also suggested that health consciousness, 
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secondary education and age of consumers, as well as the color of farmed tilapia, affected the willingness 
to pay for farmed tilapia in Ghana. In Kenya, the factors that affect consumers’ willingness to pay for 
farmed tilapia include health consciousness, household income, household size, age, urban residence and 
education of consumers. 
 
The experimental pond unit assessment project evaluated two facilities used in AquaFish research in 
Ghana: the KNUST farm and the Pilot Aquaculture Center of the Fisheries Commission. The project took 
place from July to October 2012 and involved physical, chemical, and biological characterization of 10 
ponds of which 8 were stocked with Oreochromis niloticus at 2 m-2 and 2 were not stocked. Overall, most 
of the variables originally planned for measurement were successfully completed and the project played a 
vital role in institutional and individual capacity building. (09BMA10PU) 

Africa Project: Uganda & South Africa  
Project Title: Hydrology, Water Harvesting, and Watershed Management for Food Security, Income, 
and Health: Small Impoundments for Aquaculture and Other Community Uses 
 
Location 
South Africa: Stellenbosch 
Uganda: Kampala and Gulu 
 
Partner Institutions 
USA: Auburn University (Lead US Institution), Alabama A&M University, University of Georgia 
Uganda: Makerere University, National Fisheries Resources Research Institute, Gulu University 
South Africa: Stellenbosch University 
 
Project Overview 
The vision of this project was to provide research that increased the knowledge base on water resource 
uses that work in the African context. Studies addressed a broad range of water management, production, 
credit, and extension issues in Uganda and South Africa with intent and potential to extend findings and 
training to other countries. For example, the train-the-trainers activity supported participation in the 
Auburn University Certified Aquaculture Professional (CAP) program, followed by a one-month field 
exercise in the US. The hands-on field experience at the Auburn University Fisheries Research Station 
allowed the trainers to experience all of the techniques they will be teaching others. This project in South 
Africa considered how to integrate aquaculture into watershed management schemes that focus on 
capturing overland flow in one or more small impoundments for multiple use. The study used climatic 
and hydrological variables, as well as topographic and geologic features to develop a procedure for 
identifying sites where such schemes could be installed. This study provided basic data on precipitation, 
evaporation from water surfaces, temperature, and evapotranspiration needed in modeling and 
engineering efforts, complemented by case studies of water use and management for fish farming. In 
Uganda, research explored how aquaculture could be improved environmentally and socially sound ways, 
such as culturing African lungfish, a species that are adapted to the predicted changes in climate and serve 
as a bioctonrol agent against schistosome vector snails. Finally, there was a component dedicated to 
considerations of how stakeholders could organize themselves to guide multiple land uses and land 
owners, to develop reasonable procedures for allocating water for different uses, and to optimize benefits 
to surrounding communities. 
 
Project Investigations 
2009-2011 Implementation Plan  

1. Effects of Watershed-Water Quality-Aquaculture Interactions on Quantity and Quality of Water 
from Small Catchments in South Africa and Uganda (09WIZ01AU) 
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2. Surface Catchment Development and Sustainability Evaluation for Multipurpose Water Supply 
for Meeting Aquaculture and Other Water Needs (09WIZ02AU) 

3. Evaluation and Improvement of Production Technology in Uganda: Case Studies of Small-Holder 
Cage Culture in Watershed Reservoirs and as an Alternative Livelihood For Fishers 
(09BMA01AU) 

4. Market Assessment and Profitability Analysis of Aquaculture Enterprises in Uganda 
(09MER01AU) 

5. Training and Outreach in Uganda and Surrounding Nations (09BMA02AU) 
6. Prospects and Potential of the African Lungfish (Protopterus Spp): An Alternative Source of 

Fishing and Fish Farming Livelihoods in Uganda and Kenya (09IND07AU) 
7. Training Trainers for Long Term and Sustained Impact of Pond Aquaculture in Africa 

(09TAP08AU)  
 
Achievements 
In Uganda, CRSP research developed a set of site suitability maps for selecting the location of earthen 
aquaculture ponds to better capture and manage water. These maps incorporate site selection criteria: 
water requirement, water temperature, soil texture, slope gradient, potential for farmgate sales, access to 
local and regional markets, and availability of farm inputs. Major wetland areas are designated as 
protected sites on the maps. In another component of this work, researchers and extensionists were trained 
at a CRSP workshop at Makerere University in techniques for advising local farmers in their site 
selections. This new technology offers a more sustainable approach for community water supply 
management and natural resource conservation for rural Uganda fish farmers. (09WIZ01AU, 
09WIZ02AU) 
 
A tilapia cage-culture trial for promoting small-scale fish farming on Lake Victoria was designed as a 
working enterprise model to recruit other farmers to this new technology. Members of Uganda’s Jinja 
United Group Initiative for Poverty Alleviation & Economic Development (JUGIPAED) participated in 
the project. Currently, the livelihood of fishers is threatened due to reduced fish catches caused by 
overfishing and depleted fish stocks in the lake. Local fishers and farmers who adopt the cage culture 
technology will have an alternative income opportunity. A key aspect of the CRSP work has been to 
illustrate cage culture as a profitable venture. CRSP investigators provided technical assistance and 
“partnered” with JUGIPAED on a combined cost-share/research basis. This dual purpose approach 
offered a hands-on experience to the participating farmers with CRSP mentoring in a successful business 
model. At the conclusion of the trial, fish yield data showed farmers that the cage culture model can be 
profitable. (09BMA01AU) 
 
A 60 m x 80 m pond was constructed for demonstration and education on pond construction and 
watershed management. The demonstration pond was constructed near Makerere University in Uganda, 
cost-shared by both Makerere University and a USEPA grant. (09BMA02AU) 
 
Case studies of farmer groups show that the umbrella organizations under which local fish farmer 
associations vertically align themselves have important implications for fish farmer production and 
contribute to the success of local member associations more than general umbrella organizations do. 
Successful fish farmer associations accept government assistance only when it directly improves their fish 
farm operations; other farmer groups wait for direct subsidization. Training fish farmers, providing 
quality information, cost sharing, and advocating for the aquaculture sector, not donor seeking, are the top 
priorities in productive fish farmer associations. (09MER01AU) 
 
Assessment of the status and potential of African lungfish aquaculture in Uganda in seven districts 
(Kampala, Wakiso, Kumi, Busia, Soroti, Pallisa and Jinja) suggested that farmers, most of whom are 
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women, have an array of indigenous production strategies that may be adapted and propagated to enhance 
the availability of this marketable species. (09IND07AU) 
 
In Uganda, just under 300 participants attended the 3rd and 4th Annual Fish Farmers Symposium & 
Trade Fair held in January 2010 and 2011. The events were organized in partnership with the Walimi Fish 
Farmers Cooperative Society (WAFICOS). Topics reflected the requests and interests of event attendees: 
(1) accessing inputs, return on investment, and quality of service delivery; (2) markets, marketing, and 
market information; (3) current support services and their accessibility for the aquaculture private sector; 
(4) feeds and feeding guidelines; (5) enterprise budgets; (6) farmer-based value-addition; and (7) 
financing. Study tour visits to farms and other associated businesses were introduced by CRSP and have 
proven a successful outreach tool for information exchange. The popularity of these tours is evidenced in 
their growth from one tour in 2010 to four tours in 2011, including one offered to Kenyan farmers. 
Participants have enthusiastically acknowledged the success of this multifaceted annual event as a forum 
for information exchange, networking, and working out practical solutions to current production 
challenges. (09BMA02AU) 
 

 
AquaFish IL Ugandan partners host the Africa Regional Meeting in Kampala and visit nearby WAFICOS 

fish farm, Uganda 2017. Photo by Jenna Borberg. 
 

Asia Project: Indonesia & Philippines  
Project Title: Improved Cost Effectiveness and Sustainability of Aquaculture in the Philippines and 
Indonesia 
 
Location 
Indonesia: Ujong Batee Research Station and Ladong Fisheries College, Banda Aceh, Aceh Besar 
Philippines: Nueva Ecija, Iloilo, and Negros Occidental 
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Partner Institutions 
USA: North Carolina State University (Lead US Institution), University of Arizona 
Philippines: Central Luzon State University, Southeast Asian Fisheries Development Center, Bureau of 
Fisheries and Aquatic Resources 
Indonesia: Ujung Batee Aquaculture Center, Banda Aceh 
 
Project Overview 
Aquaculture in the Philippines and Indonesia is a high priority for food security, particularly in the light 
of the countries’ rapidly growing populations and their continued dependence on fish protein. The 
incomes from family farming, however, are generally poor with 43% of small-scale tilapia farmers in 
Central Luzon, Philippines, falling below the poverty line. The difficult socioeconomic conditions are 
even more pronounced for fishers in coastal regions where traditional livelihoods have been lost, and 
many seek transition to milkfish farming, but with some uncertainty. The 2004 tsunami eliminated 
shrimp-farms in Indonesia, and the livelihoods of entire communities continue to rebuild. Because of this, 
research sought to develop and implement strategies to improve the cost effectiveness, sustainability and 
income opportunities of farming finfish, echinoderms, and seaweeds. The project developed feeding 
strategies and feed technologies that dramatically reduce costs for fish farming; technologies for enhanced 
breeding and nursery production of tilapia; and introduced new polyculture practices and value-added 
processing techniques to farmers.  
 
Project Investigations 
2007-2009 Implementation Plan  

1. Broodstock Seed Quality and Fingerling Production Systems Rearing for Nile tilapia in the 
Philippines (07QSD01NC) 

2. Feeding Reduction Strategies and Alternative Feeds to Reduce Production Costs of Tilapia 
Culture (07SFT02NC) 

3. Internet-based Extension Podcasts for Tilapia Farmers in the Philippines (07TAP02NC) 
4. Alternative Feeding Strategies to Improve Milkfish Production Efficiency in the Philippines 

(07SFT03NC) 
5. Training in Sustainable Coastal Aquaculture Technologies in Indonesia and the Philippines 

(07MNE02NC) 
6. Implications of Export Market Opportunities for Tilapia Farming Practices in the Philippines 

(07MER04NC) 
 
2009-2011 Implementation Plan  

1. Nile Tilapia Broodstock Selection, Seed Quality and Density-Dependent Growth in the 
Philippines (09QSD01NC) 

2. Feeding and Feed Formulation Strategies to Reduce Production Costs of Tilapia Culture 
(09SFT04NC) 

3. Internet-Based Podcasting: Extension Modules for Farming Tilapia in the Philippines 
(09TAP02NC) 

4. Improving Supply Chain Opportunities for Tilapia in the Philippines (09MER03NC) 
5. Ration Reduction Integrated Multitrophic Aquaculture (milkfish-seaweed-sea cucumber) and 

Value-Added Products to Improve Incomes and Reduce the Ecological Footprint of Milkfish 
Culture in the Philippines (09MNE02NC) 

6. Demonstration of Sustainable Seaweed Culture and Processing in Aceh, Indonesia and the 
Philippines (09FSV02NC) 

7. Impact Assessment of CRSP Activities in the Philippines and Indonesia (09SFT06NC) 
 
2011-2013 Implementation Plan 

 Experimental Pond Unit Assessment in Bangladesh (09BMA09NC) 1.
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 Value Chain Analysis of Seaweed in Aceh, Indonesia (09MER06NC) 2.
 
Achievements 
CRSP research in the Philippines developed reduced feeding strategies and feed manufacturing 
technologies that dramatically reduce the costs of feeds without impacting farm yield. Reducing the 
amount of feed applied to ponds by 50% daily, 33% daily, or feeding on alternate days only, reduces feed 
costs for growing marketable fish by as much as 56%. When fishmeal is replaced in the diet with more 
sustainable alternative ingredients, costs are reduced by an additional 8%. Reducing the protein 
concentration of tilapia diets saves an additional 2.5%. If manufacturers produce sinking pelleted rather 
than floating feeds, costs for farmers can be further reduced by 3.4%. Collectively, the research shows 
that farmers can save as much as 70% on feeds, which translates into a 33% cost savings in culturing 
tilapia. Milkfish produced in sea cages or ponds on an alternate day feeding schedule reduces feed costs 
by 32% and 57% without impacting yields. These realized cost savings with lower nutrient inputs have 
the added benefit of reducing the environmental impact and improving the sustainability of farming fish. 
(07SFT03NC, 09MNE02NC) 
 
Demand for high-quality tilapia is expected to triple over the next decade. It is critical, therefore, that 
consistent, high quality seed be available at reasonable costs; this will both increase the profitability of 
farming and reduce the risks of entry for new farmers. CRSP research have established that 8 – 24 month-
old broodstock and any of the three primary hatching systems used by nursery operators (artificial 
incubation units, hapas, and ponds) are suitable for supplying high quality seed and fingerlings for the 
growout production of tilapia with little impact on gross yield or loss in profits. Appetite, eye color, and 
social behavior patterns in tilapia now can be effectively used to select broodstock with low susceptibility 
to stress and higher fecundity. (07SFT02NC, 09SFT04NC, 09QSD01NC) 
 
There was a strong desire to expand tilapia culture in the Philippines to meet the growing demand for fish 
products in domestic retail supermarkets and fast-food chains. CRSP market analyses indicated an 
opportunity to increase tilapia production in the Philippines through an expansion of product flowing 
through fast food and urban grocery markets. At the time of this work, tilapia production in Central Luzon 
could be greatly expanded and the increased value of production per hectare has the potential to increase 
farm revenues even more dramatically. CRSP evaluated the tilapia supply chain and provided 
recommendations to the government to address the issues and concerns of the various chain players that 
included hatcheries and nursery operators, fish farmers, processors, traders/consolidators and institutional 
buyers. (09MER03NC) 
 
In Indonesia and the Philippines, interest had heightened in diversifying aquaculture crops, following the 
realization that intensive shrimp farming practices contributed to the deterioration of water quality in the 
mangrove coastal habitat. Through a series of workshops in Aceh, Indonesia and the Philippines, CRSP 
provided training to several farming communities on seaweed polyculture in shrimp and tilapia-milkfish 
ponds. This included methods for culturing, drying and processing seaweed. Women in the community 
were trained on preparation methods for using seaweeds and seaweed products (agar for candies and 
cakes). Over 100 small-scale farmers have adopted seaweed polyculture. A commercial seaweed buyer 
has committed to purchasing 14 MT a month and is supplying baling equipment and additional drying 
tables in Aceh. The success of the project is further underscored by the commitment of the government of 
Indonesia to provide funds for further development of seaweed culture in additional communities 
(07MNE02NC, 09FSV02NC). 
 
The project established the first series of Tilapia Podcasts as a new means to disseminate tilapia culture 
information to the scientific, business, government and farming communities of the world. The podcast 
technique and its utility was introduced to farmers, feed manufacturers, the press, students, and 
government officials through a series of workshops in the Philippines. It was well received as a viable, 
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alternative extension tool for disseminating aquaculture information to the community. The podcast 
approach is far thriftier, less consumptive of natural resources, and is more far-reaching, easily updated, 
and efficient than the distribution of printed extension media. Seven podcasts were produced to illustrate 
various aspects of tilapia culture, including the effectiveness of feed reduction strategies in providing cost 
savings for farmers. Interest in the podcasts was excellent with 285 downloads and 444 hits on the NCSU 
iTunes server over a 2-month period, indicating they were an effective tool for disseminating tilapia 
culture technologies worldwide (07TAP02NC, 09TAP02NC). 

Feeding fish in cages on Lake Taal, Philippines 2014. Photo by Morgan Chow. 
 

THEME C: ENVIRONMENTAL MANAGEMENT FOR SUSTAINABLE AQUATIC RESOURCES USE 

Asia Project: China, Nepal, Bangladesh, & Vietnam  
Project Title: Improving Sustainability and Reducing Environmental Impacts of Aquaculture Systems 
in China and South And Southeast Asia 
 
Location 
Bangladesh: Mymensingh 
China: Shanghai, Hubei Province, Hainan Province 
Nepal: Chitwan 
Vietnam: Ho Chi Minh City, Tri An Reservoir 
 
Partner Institutions 
USA: University of Michigan 
International: World Wildlife Fund in Asia 
Bangladesh: Bangladesh Agricultural University 
China: Shanghai Fisheries University, Hainan University, Huazhong Agricultural University, Wuhan 
University, Shanghai Ocean University, Network of Aquaculture Centres in Asia-Pacific 
Nepal: Institute of Agriculture & Animal Science 
Vietnam: University of Agriculture & Forestry, Nong Lam University 
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Project Overview 
Asia accounts for about 90% of world aquaculture production and, therefore, has the greatest potential to 
impact the environment. Fortunately, innovative systems that utilize practical technology can be used to 
reduce environmental impacts. The purpose of this project was to evaluate the relationship between 
aquaculture and environmental impacts, with the goal of reducing negative impacts. This work 
determined the effectiveness of recirculating systems for shrimp culture, evaluated modified cages for 
reducing solid and dissolved waste transport to receiving waters, developed polyculture systems that 
increase nutrient utilization and reduce effluent effects, determined the effects of invasive species on 
natural communities, and focused research on detecting and reducing effects of microcystins in receiving 
water bodies. 
 
One of the major impacts of shrimp culture comes from the effects of effluents released in managing 
water quality and in harvest. Two systems have been developed to deal with this issue, using indoor and 
outdoor recirculation and zero exchange with receiving waters. Outdoor systems are capable of managing 
water quality when using suspended floc methods and removing solid waste from the ponds, while 
biofilter technology has not yet reached a stage of reliably improving water quality. 
 
Monoculture usually results in waste of costly nutrients and feed, due to the inability of one species of 
organism to efficiently utilize all of the products derived from feeding. Polyculture can help to solve this 
by introducing organisms such as filter-feeding fish, as well as predators that may reduce natural 
recruitment in ponds. In Nepal, CRSP research developed combinations of sahar Tor putitora and tilapia 
Oreochromis niloticus to produce tilapia using feeds combined with natural productivity, and use sahar to 
control recruitment of tilapia and produce a second crop. Sahar are important locally as a food fish and 
are declining in natural waters, so their culture can reduce demand on natural stocks and can also be used 
to replenish declining populations. Similar work in Bangladesh has utilized freshwater prawns and mola 
with the intent of prawns being used mostly for sale and mola for family consumption, providing two 
important outputs. 
 
Project Investigations 
2007-2009 Implementation Plan  

1. Impact of Introduction of Alien Species on the Fisheries and Biodiversity of Indigenous Species 
in Zhanghe Reservoir of China and Tri An Reservoir of Vietnam (07MNE03UM)  

2. Assessing Effectiveness of Current Waste Management Practices for Intensive Freshwater and 
Marine Pond Aquaculture in China (07MNE05UM) 

3. Determining the Ecological Footprint of Shrimp Aquaculture Through Life Cycle Analysis of 
Outdoor Pond Systems (07MNE05UM) 

4. Monitoring and Reducing Microcystins in Tilapias and Channel Catfish Cultured in a Variety of 
Aquaculture Systems (07HHI01UM) 

5. Polyculture of Sahar (Tor putitora) with Mixed-sex Nile Tilapia (Oreochromis niloticus) 
(07BMA02UM) 

6. Workshop on Aquaculture, Human Health and Environment (07MNE07UM) 
 

2009-2011 Implementation Plan  
1. Incorporation of Tilapia (Oreochromis niloticus) and Sahar (Tor putitora) into the existing carp 

Polyculture System for Household Nutrition and Local Sales in Nepal (09BMA03UM) 
2. Study on the Effectiveness of a Pond-based Recirculating System for Shrimp Culture 

(09BMA04UM) 
3. Development of Polyculture Technology for Giant Freshwater Prawns (Macrobrachium 

rosenbergii) and Mola (Amblypharyngodon mola) (09QSD03UM) 
4. Invasion of the Red Swamp Crayfish (Procambarus clarkii) in China: Genetic Analysis of the 

Invasion and the Impacts Evaluation (09MNE01UM) 



 

 
 

33 

5. Development of Indoor Recirculating Culture Systems for Intensive Shrimp Production in China 
(09BMA05UM) 

6. Integrating Environmental Impacts, Productivity, and Profitability of Shrimp Aquaculture at the 
Farm-scale as Means to Support Good Aquaculture Practices and Eco-certification 
(09MNE03UM) 

7. Identifying Best Practices to Improve the Giant River Prawn Industry in Thailand (09BMA06UM) 
8. The Impact of Fish Stocking on Wild Fish Populations, Fish Production and the Ecosystem of 

Irrigation Reservoirs in South Vietnam (09MNE05UM) 
9. Evaluating the Relationship Between Semi-intensive Aquaculture and Natural Biodiversity 

(09MNE06UM) 
10. Sustainable Feed and Improved Stocking Densities for Gar (Atractosteus spp.) Culture 

(09SFT07UM) 
11. Improved Cages for Fish Culture Commercialization in Deep Water Lakes. (09WIZ03UM) 
 

2011-2013 Implementation Plan 
1. Experimental Pond Unit Assessment Nepal (09BMA14UM) 
2. Value Chain Analysis of Carp Polyculture Systems in Southern Nepal (09MER11UM) 
3. Development of Sustainable Feeds, Improved Stocking Densities, and Salinity Management in 

Closed Recirculating Systems for Gar (Atractosteus spp.) Culture (09IND11UM) 
 
 

 
Gathering fish in net, Bangladesh 2014. Photo by Russell Borski. 

 
Achievements 
CRSP research evaluated shrimp systems using Life Cycle Assessment and found that the farming system 
has the largest environmental impact, and the main methods to improve performance include more 
efficient feeding methods and culturing shrimp at lower densities. Results also found that long distance 
transport for export has a major impact, demonstrating that production for local consumption and the 
reduction of importation of shrimp should be goals of consuming countries. (07MNE05UM) 
Another major issue in Asia is expansion of cage culture in lakes and reservoirs. Cages release a large 
amount of solid and dissolved materials into receiving water bodies. An experimental system using cage 
liners to collect solid waste performed well in reducing impacts. No changes in water quality near the 
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cages compared to the open reservoir were detected, and the collection of sediments reduced benthic 
fouling. (07MNE04UM) 
 
Monoculture usually results in waste of costly nutrients and feed, due to the inability of one species to 
efficiently utilize all of the products derived from feeding. Polyculture can help to solve this problem. In 
Nepal, CRSP developed techniques to polyculture sahar (Tor putitora) and tilapia using feeds combined 
with natural productivity. Sahar control recruitment of tilapia and produce a second crop. Sahar are 
important locally as food fish and are declining in natural waters, so their culture can reduce demand on 
natural stocks and can also be used to replenish declining populations. Ratios of 33 tilapia to 1 sahar 
resulted in best performance both in on-station trials and on farms, and the results of this polyculture were 
extended to local farmers as a means to increase both profit and environmental performance. 
(07BMA02UM, 09BMA03UM) 
 
CRSP research in Bangladesh studied the polyculture of freshwater prawns and mola with the intent of 
prawns being used mostly for sale and mola for family consumption, providing two important outputs. 
Overall production was best when mola were stocked at 1.5 fish/m2, combined with all male prawn at 3 
individuals/m2. Water quality was also improved by polyculture. (09QSD03UM) 
 
Addressing the competing interests of aquaculture expansion versus natural resource conservation, 
AquaFish CRSP organized and led a symposium at the September 2011 American Fisheries Society 
meeting in Seattle, Washington entitled “The Effects of Semi- Intensive Aquaculture on Biodiversity In 
Nearshore and Inland Waters.” The 12 invited international experts spoke on a wide range of topics that 
drive the debate between the benefits and drawbacks of aquaculture relative to natural biodiversity. 
Symposium topics covered invasive species effects, effluents and eutrophication, antibiotic effects, 
environmental performance, use of aquaculture feeds, and social and economic impacts. The full 
proceedings from the symposium can be found on the AquaFish IL website. As an outcome of the 
symposium, a paper co-authored by several participants was developed collaboratively, titled 
“Responsible aquaculture by 2050: valuing local conditions and human innovations will be key” and 
submitted to the journal Bioscience. (07MNE03UM) 
 
Patterns of invasion of the non-native red swamp crayfish (Procambarus clarkii) in Asia from North 
America were evaluated by DNA extraction using microsatellites and Cyt b as markers. It is likely that P. 
clarkii populations in China derived from Japan, rather than North America, however, multiple 
unobserved introductions and/or cryptic invasion may have occurred. (09MNE01UM) 
 
Eight small reservoirs in Vietnam include three without stocked fish (Bau Um, Suoi Lai, and Hung Phu 
Reservoirs in Binh Phuoc Province) and five with aquaculture practices (Dong Xoai; Sa Cat Reservoirs in 
Binh Phuoc Province; and Cau Moi, Da Ton and Gia Ui Reservoirs in Dong Nai Province) were used to 
construct Ecopath 5.0 models to evaluate the stocking rate and fisheries carrying capacity for each 
reservoir. Results indicated the need to more closely manage fish stocking and wild fish populations in 
reservoirs for better utilization of aquatic resources. (09MNE05UM) 
 
Under eutrophic conditions in aquaculture ponds, blooms of the toxin-producing cyanobacteria 
Microcystis aeruginosa can develop. Buildup of this blue-green algae degrades water quality and causes 
harmful levels of microcystin (MC) toxin to develop. The toxin is a secondary metabolite that can be 
lethal to aquatic animals. When accumulated in fish and shellfish tissue, the toxin also affects the food 
product’s quality and safety for human consumption. Work focused on controlling MC in indoor 
recirculating culture systems for shrimp. The red swamp crayfish (Procambarus clarkii) and the 
freshwater prawn Macrobrachium rosenbergii were used as test species in experiments to identify the 
lethal mechanisms of the MC toxin. For the crayfish, the toxin from MC exposure lowers the survival rate 
of juvenile crayfish and adversely affects the disease immunity of adult crayfish, leading to poor grow-out 
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in culture systems. In the case of prawns, no accumulation of MC toxin in tissues was found. These 
results point to MC’s complexities and the need for continued studies to characterize its mode of action in 
different aquatic organisms. This information will prove especially critical for developing MC control 
methods for intensive shrimp production systems. (07HHI01UM, 09BMA05UM) 
 
This pond characterization experiment had goals to evaluate ponds in Nepal for their physical, chemical, 
and biological characteristics during a grow-out; and to evaluate production characteristics of Nile tilapia 
Oreochromis niloticus in these ponds. Twelve earthen ponds of were used with treatments including 4 
control ponds receiving fertilization alone, 4 fully fed ponds with feed applied at 3% bw, and 4 combined 
ponds with both feed at 1.5% and fertilizer applied. All ponds were stocked a week after fertilization with 
sex-reversed Nile tilapia at 2 fish/m2. Fertilizer was applied each week at 4 kg N and 1 kg P per hectare 
for fertilization treatments. Locally available feeds were used to feed twice daily. Fish growth in fertilized 
with half feeding ponds gave highest growth, followed by full feeding then fertilizer. Treatments that 
included fertilizer had higher pH, higher dissolved oxygen, lower Secchi disk, higher chlorophyll-a, 
higher total Kjeldahl nitrogen, higher total phosphorus, lower alkalinity, higher ammonium, higher 
soluble reactive phosphorus, and higher nitrite-N compared to only fed ponds. Fertilization with feeding 
produced the best growth conditions and best water quality consistently. (09BMA14UM) 
 
The purpose of this study was to determine success of closed and recirculating filtration systems on water 
quality and growth of tropical and Cuban gars, and to determine the effect of salinity on growth 
(treatments 0, 10, and 15 ppt salinity). For the system experiment, treatments were a control in a 
recirculating system, and closed systems for a second treatment with aquarium filtration systems. For the 
salinity experiments, treatments were 0-15 ppt salinity. Fish length and weight were measured at 
beginning and end of experiments (tropical gars also measured every 15 days), and were fed ad libitum 
with trout feed (tropical gars) or commercial pellet feed (Cuban gars). The various salinity treatments and 
recirculating or filtered systems resulted in no significant differences in growth for any treatment. Water 
quality was generally similar among all treatments as well. Overall, this experiment indicates that tropical 
and Cuban gars are tolerant of a range of conditions and could be reared using a variety of systems 
without any loss of yield. Since the various systems have different costs of maintenance and operation, 
this wide ranging tolerance of rearing conditions allows gar to be reared more efficiently in systems to 
suit local conditions. (09IND11UM) 

Latin America Project: Guyana & Mexico  
Project Title: Developing Sustainable Aquaculture for Coastal and Tilapia Systems in the Americas 
 
Location 
Guyana: Mon Repos and Georgetown 
Mexico: Centro Municipality, Teapa Municipality, Paraiso Municipality, and Jalapita 
 
Partner Institutions 
USA: University of Arizona (Lead US Institution), University of Texas Tech 
Guyana: Department of Fisheries 
Mexico: Universidad Autónoma de Tamaulipas, Ciudad Victoria & Reynosa, Universidad Juárez 
Autónoma de Tabasco 
 
Project Overview 
Much of Central and South America has earned the unwanted distinction of having sacrificed significant 
areas of coastal mangroves to shrimp farming. Research developed alternatives with a focus on more 
sustainable aquaculture, by working with several alternative species, including native snook, tenhuayaca, 
and castarrica, in Mexico and pacu, tambaqui and hassar in Guyana. The research in Mexico was 
successful in closing the life cycles and developing domesticated populations of all three fishes. The 
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project in Guyana worked with indigenous people in the Rupununi Basin encouraging the use of native 
species rather than introducing tilapia.  
 
Research also explored improving tilapia farming in areas where the fish was already introduced and 
established local populations. Mexican partners at UJAT developed a novel microbial biofilter that 
effectively removed the trace amounts of residual sex reversal hormone from tilapia hatchery water, along 
with a focus on integrated farming using tilapia farm effluents to grow vegetables. In Tamaulipas this 
took the form of greenhouse aquaponics and evaluation of the bacteria that might be transferred from fish 
to leafy vegetables. In Tabasco, researchers collaborated with communities of indigenous farmers to 
install tilapia tanks and use the effluent for irrigation of vegetable plots. In Guyana, research included 
evaluation and testing of locally available ingredients in order to replace fishmeal in practical aquaculture 
diets.  
 
Project Investigations 
2007-2009 Implementation Plan  

1. Co-sponsorship of "Second International Workshop on the Cultivation and Biotechnology of 
Marine Algae: An Alternative for Sustainable Development in Latin America and the Caribbean" 
(07BMA03UA) 

2. Utilization of Local Feed Ingredients for Tilapia and Pacu Production (07SFT04UA) 
3. Development of Snook (Centropomus spp) Seed Production Technology for Application in 

Aquaculture and Restocking of Over-fished Populations (07IND01UA) 
4. Elimination of MT from Aquaculture Masculinization Systems: use of Catalysis with Titanium 

Dioxide and Bacterial Degradation (07MNE06UA) 
5. Incorporation of the Native Cichlids, tenhuayaca, Petenia splendida and Castarrica, Cichlasoma 

urophthalmus into Sustainable Aquaculture in Central America: Improvement of Seedstock and 
Substitution of Fish Meal Use in Diets (07IND02UA) 

6. Food Safety Study of Leafy Greens Irrigated with Tilapia Farm Effluents (07HHI02UA) 
7. Local Ingredients Substituting for Fishmeal in Tilapia and Pacu Diets in Guyana (07SFT05UA) 
8. AquaFish CRSP Sponsorship of the Eighth International Symposium on Tilapia in Aquaculture to 

be Held in Egypt (07TAP03UA) 
 

2009-2011 Implementation Plan  
1. Consolidation of Native Species Aquaculture in Southeastern Mexico: Continuation of a 

Selective Breeding Program for Native Cichlids and Snook Reproduction in Captivity 
(09IND05UA) 

2. Reaching the Farms Through AquaFish CRSP Technology Transfer: Elimination of MT from 
Intensive Masculinization Systems Using Bacterial (09MNE07UA) 

3. Sustainable Integrated Tilapia Aquaculture: Aquaponics and Evaluation of Fingerling Quality in 
Tabasco, Mexico (09QSD02UA) 

4. Expansion of Tilapia and Indigenous Fish Aquaculture in Guyana: Opportunities for Women 
(09SFT03UA) 

5. Aquaculture and Fisheries CRSP Sponsorship of the Ninth International Symposium on Tilapia in 
Aquaculture to be held in Shanghai, China (09TAP01UA) 

 
2011-2013 Implementation Plan 

1. Experimental Pond Unit Assessment in Kenya (09BMA11UA) 
2. Value Chain Analysis in Southern Mexico (09MER08UA) 
 

Achievements 
CRSP research at the Universidad Juárez Autónoma de Tabasco (Mexico) focused efforts to domesticate 
native fish species for aquaculture production. Building on work undertaken in the Implementation Plan 
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2007– 2009, research developed broodstock lines and feeding protocols for larval and adult fish. For 
example, while snook could spawn in captivity, survival of the larvae was problematic. Efforts 
emphasized finding the right live feed for the larvae to survival. For the native cichlid species, tenguayaca 
and castarrica, broodstock selection has advanced to the F2 generation. This work is representative of the 
scientific success that CRSP has engendered at the institutional level in HC partner countries. In another 
aspect of the successful CRSP model, bringing native species into “local” aquaculture is an important step 
in self-sufficiency, implementing workable approaches to reduce pressures on the often-overfished wild-
caught fisheries, and addressing cultural food preferences by bringing traditionally favored food fish into 
aquaculture. (07IND01UA, 09IND05UA) 
 
Methyltestosterone (MT) is a strong androgen and widely used for tilapia masculinization. In order to 
decrease risks to humans and the environment associate with residual MT, AquaFish CRSP research at 
Universidad Juárez Autónoma de Tabasco, Mexico, isolated and evaluated two bacterial strains 
(Pseudomonas aeruginosa and Pseudomonas fluorescens) that effectively remove residual MT from 
hatchery water effluent. Industry partners were engaged in the research to scale up this technology for 
commercial adoption. (07MNE06UA) 
 
Measurements of DO, temperature, conductivity, pH, hardness, TDS, Total phosphates, bicarbonates and 
ammonia were undertaken from in February 2013 as a preliminary assessment of the pond units under 
three fertilizer-feed regimes. The ponds were stocked with all male-tilapia. The experiments are aimed at 
assessing the pond productivity under different management regimes and to facilitate designing of 
production systems and Best Management Practices (BMP). The preliminary observations show that 
temperature increases during the day closely track the increase in the amount of dissolved oxygen in the 
ponds and that both fertilization and feeding enhance primary productivity. Both TDS and conductivity 
have been shown to be more elevated in fertilized-feed ponds as compared to only fed or fertilized ponds. 
The preliminary results of the study show promising indications that pond characterization can be done 
using water quality parameters as a background to enhancing production and implementing BMP. 
(09BMA11UA) 
 
Integrating aquaculture and agriculture provides a sustainable production system where nutrients rich 
effluent from fish culture is used to irrigate and fertilize vegetables. By collaborating with two indigenous 
communities in Mexico, research found that “aquaponic” systems produced fish (tilapia) grew quickly 
with marketable produce (habanero peppers). Assistance was also provided in developing enterprise 
budgets and value added processing. (09QSD02UA) 
 
In Guyana, locally derived copra and shrimp meals are proving successful as lower-cost protein 
alternatives to fishmeal for tilapia and pacu farmers. Poultry by-products and brewers waste are also 
showing promise. This work was a collaborative effort between farmers’ cooperatives (National 
Aquaculture Association of Guyana, Trafalgar Union Women’s Cooperative for Tilapia) and a local feed 
mill (Maharaja Oil & Feed Mill) in trainings that focused on improved feed formulations and manufacture 
techniques. This work was expanded during the 2009- 2011 Implementation Plan, during which CRSP 
trainings for small-holder farmers in rural northern and southern Guyana successfully transferred 
sustainable feed and production technologies. These trainings targeted individual farmers, small 
communities, women farmers, a feed mill, and tilapia hatchery. Three workshops were held in an isolated 
area in southern Guyana to help communities develop small-scale aquaculture, including their own feed 
production and marketing structure. A demonstration farm that integrates aquaculture with vegetable 
growing has been set up as a working model for the surrounding communities. The 16 women members 
of the Trafalgar Women’s Cooperative have benefitted from women-focused trainings in aquaculture 
production basics, tilapia biology, and sustainable feed formulation and feeding regimes. Working 
together, CRSP investigators have guided these stakeholders towards successful adoption of technologies 
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and practices that will ensure an improved livelihood from aquaculture. Now the potential for a US export 
market for tilapia and brackish water shrimp exists. (07SFT05UA) 
 
CRSP organized three International Symposia on Tilapia in Aquaculture (ISTA 7, 8 and 9) in Mexico, 
Egypt, and China, respectively attracted 1,800 people, over 300 papers presented and published, and 1000 
Proceedings distributed. (07TAP03UA, 9TAP01UA) 
 
CRSP organized and co-chaired the Second International Workshop on the Cultivation and 
Biotechnology of Marine Algae at the 2009 World Aquaculture Society Meetings in Veracruz Mexico. 
The goal of the workshop was to increase awareness and share the skills and experience from the 
aquaculture industry. Participants included practitioners of algae production for human consumption, 
commercial producers of phytoplankton used in fish and shrimp hatcheries, researchers producing micro-
algae for biofuels, and students presenting their research results. The workshop included nine 
presentations and a panel discussion and presentations and converted to PDF’s were posted on a 
conference website. (07BMA03UA). 
 

THEME D: ENHANCED TRADE OPPORTUNITIES FOR GLOBAL FISHERY MARKETS 

Asia Project: Cambodia & Vietnam  
Project Title: Development of Alternatives to the Use of Freshwater Low Value Fish for Aquaculture 
in the Lower Mekong Basin of Cambodia and Vietnam: Implications for Livelihoods, Production, and 
Markets 
 
Location 
Cambodia: Phnom Penh, Lower Mekong River Basin, Tonle Sap 
Vietnam: Can Tho 
 
Partner Institutions 
USA: University of Connecticut – Avery Point (Lead US Institution), University of Rhode Island 
Cambodia: Inland Fisheries Research and Development Institute 
Vietnam: Can Tho University 
 
Project Overview 
In the lower Mekong River basin, many capture fisheries resources have been overexploited and, as a 
result, development of aquaculture has been encouraged to provide protein, income, employment and 
export earnings in Cambodia and Vietnam. Such a development trend implies that sufficient feed for 
increased aquaculture production will be available, which has led to increasing competition and conflict 
between the use of small-size fish for aquaculture feed and for human consumption in the lower Mekong 
River basin region of Cambodia and Vietnam. The vision of this project was for sustainable freshwater 
aquaculture development in the Lower Mekong basin region of Cambodia and Vietnam, taking into 
consideration the import role that capture fisheries and aquaculture continue to play in the food security, 
poverty alleviation and economies of both countries; the strong interdependency between capture fisheries 
and aquaculture; that management of these two fisheries sub-sectors cannot be carried out in isolation of 
each other; and the increasing competition and conflict between the use of small-size fish for feed and 
human consumption. The objectives of this project were equally on the aquaculture of carnivorous fish, 
specifically snakehead (Channa micropeltes and C. striata), and the management of small-size fisheries 
resources in the lower Mekong River system. 
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Project Investigations 
2007-2009 Implementation Plan  

1. Competition and Impacts Between use of Low Value Fish for Aquaculture Feed Versus use for 
Human Food (07MER01UC) 

2. Assessment of Diversity and Bioecological Characteristics of Low Value Fish Species 
(07MNE01UC) 

3. Alternative Feeds for Freshwater Aquaculture Species (07SFT01UC) 
4. Feed Technology Adoption and Policy Development for Fisheries Management (07TAP01UC) 
5. Maximizing the Utilization of low Value or Small Size Fish for Human Consumption Through 

Appropriate Value Added Product Development (07FSV01UC 
 

2009-2011 Implementation Plan  
1. Alternative Feeds for Freshwater Aquaculture Species in Vietnam (09SFT01UC) 
2. Sustainable Snakehead Aquaculture Development in the Lower Mekong River Basin of 

Cambodia and Vietnam (09IND02UC) 
3. Development of Alternatives to the Use of Freshwater Low Value Fish for Aquaculture in the 

Lower Mekong Basin of Cambodia and Vietnam: Implications for Livelihoods, Production and 
Market (09TAP03UC) 

4. Maximizing the Utilization of Low Value or Small-size Fish for Human Consumption by 
Improving Food Safety and Value Added Product Development (Fermented Fish Paste) through 
the Promotion of Women's Fish Processing Groups/Associations in Cambodia (09FSV01UC) 

5. Value Chain Analysis of Snakehead Fish in the Lower Mekong Basin of Cambodia and Vietnam 
(09MER04UC) 

6. Developing Management Recommendations for Freshwater Small-Sized/Low Value Fish in the 
Lower Mekong Region of Cambodia and Vietnam (09MNE04UC) 

7. Assessing the Impacts of Sustainable Freshwater Aquaculture Development and Small-
Sized/Low-Value Fisheries Management in the Lower Mekong Basin region of Cambodia and 
Vietnam (09FSV03UC) 

 
2011-2013 Implementation Plan 

1. Value Chain Analysis of Freshwater Small-Sized Fish in Cambodia (09MER09UC) 
2. Experiment Pond Unit Assessment in Cambodia (09BMA12UC) 

 
Achievements 
CRSP research developed weaning methods so small, hatchery-reared snakehead can be quickly adapted 
to pelleted diets. Channa striata snakehead were found to survive as well on pelleted diets in which up to 
50% of the fish meal has been replaced by soybean meal as they do on pelleted diets made purely of fish 
meal. A local feed mill was recruited to produce CRSP diets and more than 50 farmers in Dong Thap and 
An Giang provinces used diets in raising snakehead. Results have shown that while some farmers utilize 
pelleted feed, wider scale feed technology transfer has been limited due to the current comparable cost 
between pelleted feed and small-size fish. (09IND02UC) 
 
Through this research, diets were developed in which a significant portion of fish meal was replaced as a 
protein source by soybean meal with added amino acids, taurine, phytase, as well as local products like 
cassava meal and rice bran. In small-scale field trials, snakehead was successfully raised on three diets: 
small fish only, fish meal based pelleted diet, and fishmeal plus plant proteins pellet diet. Blind taste 
testing could not distinguish any significant differences among fish fed three diets. (07SFT01UC) 
 
CRSP research conducted a biological assessment of small-size fish diversity in the lower Mekong River 
basin and identified over 200 species, which were catalogued by Khmer, Vietnamese, and English names. 
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Abundance and catch statistics on small-size fish were collected for study regions in Cambodia, and 
Vietnam. The proportion of small-sized fish in the total freshwater fish catch was 85% in Cambodia and 
96% in Vietnam. In Cambodia, 35% of the catch comprises juveniles of large-sized fish; while for 
Vietnam it was 51%. Recommendations have been developed for improved management strategies for 
small-size fish in the lower Mekong River basin in Cambodia and Vietnam. (07MNE01UC) 
 
Market studies on small-size fish found that they are used for feed (45%), household consumption (21%), 
sold to traders (15%), and direct sale in local markets (15%). Overfishing small-size fish therefore has 
negative impacts on wild fish stocks, reduction in food supply, and depletion of juveniles. Market 
analysis revealed that there is a range of markets in the region for the processed products from small-size 
fish. In Cambodia, small-size fish are important for poor people as fish paste, smoked fish, and fermented 
fish and are used for household consumption year round. (07MER01UC, 09FSV03UC) 
 
Best processing practices were developed to improve and ensure food safety of fermented small-size fish 
paste products for local consumers and the competitive markets in Cambodia, and have assisted in the 
development of women fish processing groups and associations. (09FSV01UC) 
 
The project conducted a market channel and trade analysis of fermented small-sized fish paste in 
Cambodia identifying both domestic and international markets. In Vietnam, ten market channels for 
snakehead were identified; wholesalers get 90% of the value and farmers 6.5%. (09MER04UC) 
 
In Cambodia, the culture of snakehead has been banned until a better understanding of environmental 
impacts is gained. CRSP work has focused on developing sustainable snakehead aquaculture of 
Cambodian strains. Workshops have been held on assessing the impacts of the ban on snakehead 
aquaculture in Cambodia. A hatchery for breeding indigenous snakehead, including broodstock ponds, 
nursing/weaning ponds, and live feed (moina production) systems were set up at the Freshwater 
Aquaculture Research and Development Center (FARDeC). Broodstock of indigenous wild snakehead 
have been developed. (09IND02UC, 09MNE04UC) 
 

GLOBAL THEME 
 
Project Title: Assessing the Impacts of CRSP Research: Human Capital, Research Discovery, and 
Technology Adoption 
 
Partner Institution: 
USA: Oregon State University 
 
Project Investigations 
2009-2011 Implementation Plan  
1. Assessment of AquaFish CRSP Discoveries (09BMA07OR) 
2. Assessment of AquaFish CRSP Technology Adoption and Impact (09TAP05OR) 
3. Project Planning Meeting on AquaFish CRSP Technology Discovery and Impact Assessment 
(09TAP06OR) 
 
Achievements 
This project set out to characterize and assess the impact of CRSP research in terms of research discovery 
and technology adoption. The project addressed a central problem encountered when assessing CRSP and 
many other agricultural research projects: the wide variety of - and complex systems relationships among 
- CRSP investigations and consequent complications in characterizing and assessing the investigations as 
a whole. Investigation heterogeneity within AquaFish CRSP is manifold, including the variety of 
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investigation goals (human capital formation, research, outreach), the variety of outcomes (aquaculture 
profitability, human health, ecosystem quality), and the variety of their technological and cultural settings. 
Such variation complicates issues already present in program assessment, such as the difficulties in 
distinguishing program influences from other factors affecting impact and adoption.  
 
Although monitoring and evaluation mechanisms and benchmarks for key development indicators were 
built into AquaFish CRSP from inception, the structure for collecting assessment data specifically 
required for this project were not established and were therefore added after the investigations were 
partially completed. Because situations of this nature are often unavoidable, an effective assessment plan 
must be able to utilize data that is available. The current synthesis project has succeeded in: (a) 
conducting a detailed examination of AquaFish CRSP project- and investigation-level settings, objectives, 
and goals; (b) assembling a list of the quantifiable study inputs and outputs of each AquaFish CRSP 
project and investigation; (c) conducting a review of the literature on probability elicitation and Bayes 
probability updating, useful for developing the methods we will use to elicit investigations' probabilistic 
output information; and (d) opening communication with AquaFish CRSP PIs in order to assemble 
investigations' input data. 
 

AquaFish CRSP host country partners and advisors visit fish pond, Brazil 2008. Photo by Jim Bowman.  
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RESEARCH PROJECT REPORTS – PHASE II 
 

THEME A: IMPROVED HUMAN HEALTH AND NUTRITION, FOOD QUALITY, AND FOOD SAFETY 

Africa Project: Ghana & Tanzania  
Project Title: Aquaculture Development and the Impact on Food Supply, Nutrition, and Health in 
Ghana and Tanzania 
 
Location 
Ghana: Accra, Eastern Ashanti, and Volta Basin 
Tanzania: Mbeya, Morogoro, and Zanzibar 
 
Partner Institutions 
USA: Purdue University (Lead US Institution), Virginia Polytechnic Institute & State University, 
University of Arkansas at Pine Bluff, University of Hawai'i – Hilo 
Ghana: Kwame Nkrumah University of Science & Technology (Lead Host Country Institution), 
Farmerline, University of Development Studies - Tamale 
Tanzania: Sokoine University of Agriculture, University of Dar es Salaam - Institute of Marine Sciences, 
Western Indian Ocean Marine Sciences Association (WIOMSA) 
 
Project Overview 
In sub-Saharan Africa, fish is an important source of protein, essential micronutrients, and minerals in the 
diet of most households. Thus, fish and their sustainable production are major contributors to food 
security and improved livelihood in Ghana and Tanzania. However, supply of fish is low, causing limited 
consumption levels. Through five investigations, this project built on previous AquaFish IL work to 
enhance the various facets of aquaculture and its contribution to food supply, nutrition, and health in 
Ghana and Tanzania. The cost of quality feed frequently limits aquaculture production; hence, research 
aimed to develop cost-effective diets from locally available ingredients (e.g., earthworm, maggot meals) 
and evaluate the profitability of such feeds in comparison to commercial feeds. To aid fish farmers in 
determining better methods of feeding, fertilizing, and managing water quality, the project compared 
fertilization and feeding strategies and evaluated the physical, chemical, and biological characteristics of 
ponds during grow-out. To better inform stakeholders along the fish-value chain and more efficiently 
support markets, AquaFish IL trained farmers and fishermen on the use of a cell-phone-based information 
system and broaden its applicability to include marine fisheries. Through a household survey on dietary 
diversity and an analysis of household consumption practices, policy measures were formulated to 
improve aquaculture and fisheries practices in order to increase household food security. 
 
Project Investigations 
2013-2015 Implementation Plan  

1. Assessing the Nutritional Impact of Aquaculture Policy in Fish Farming Districts in Tanzania and 
Ghana (13HHI01PU)  

2. Development of a Cell Phone Based Seafood Market Information System (SMIS) in Ghana: 
Application to Tilapia (13MER01PU)  

3. Value Chain Analysis of Farmed Nile Tilapia (Oreochromis niloticus) and African Catfish 
(Clarias gariepinus) in Tanzania (13MER02PU)  

4. Spat Collection and Nursery Methods for Shellfish Culture by Women (13QSD01PU)  
5. Coastal Women’s Shellfish Aquaculture Development Workshop (13BMA01PU)  
6. Identifying Local Strains of Nile Tilapia (Oreochromis niloticus) that are Adapted to Future 

Climate Conditions (13IND01PU)  
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7. Evaluation of Invertebrates as Protein Sources in Nile Tilapia (Oreochromis niloticus) Diets 
(13SFT01PU)  

8. Enhancing the Nutritional Value of Tilapia for Human Health (13SFT02PU) 
 
2016-2018 Implementation Plan  

1. Experimental Pond Unit Assessment in Tanzania (16BMA01PU) 
2. Increasing Productivity of Nile Tilapia (Oreochromis niloticus) through Enhanced Feeds and 

Feeding Practices (16SFT03PU) 
3. Optimizing the Use of Commercial Feeds in Semi-intensive Pond Production of Tilapia in Ghana; 

From Nursery to Grow-out (16BMA02PU) 
4. Fish Consumption and Implications for Household Nutrition and Food Security in Tanzania and 

Ghana (16HHI02PU) 
5. Enhancing the Functionality and Applicability of Fish Market Information System (FMIS) to 

Marine Artisanal Fisheries in Ghana (16MER01PU) 
 

Capturing fish and recording fish harvest, Ghana 2016. 
 
Achievements 
To increase farmers profits and decrease negative environmental impacts in Tanzania, a study 
investigated replacing fishmeal in feeds with leaf meal, earthworm meal, and housefly maggot meal, all 
locally-sourced alternative protein sources in fish feed. The study resulted in successful feed utilization 
efficiency, cost competitiveness, and similar growth performance of Nile tilapia (O. niloticus) when fed 
feeds with housefly maggot meal compared to more costly, traditional feeds. Results from a comparison 
of five substrates to determine the most appropriate substrate for production of these insects indicated that 
they grow best in cattle intestine and poultry dung. (13SFT01PU, 16SFT03PU)  
 
On the demand-side of the aquaculture value chain, a Fish Market Information System was developed in 
Ghana to help open market communication pathways. Farmers can access market information via text or 
voice messaging and online. As a mobile phone-based system, this evolving technology minimizes the 
information gaps along the fish value chain and improves efficiencies in fish marketing and the value 
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chain as a whole. The system was recently expanded to incorporate marine fishes and markets in five 
different languages. (13MER01PU, 16MER01PU)  
 
In Zanzibar, spat collection experiments involving women were conducted from May 2016 to June 2017 
and produced a total of 3,354 Pinctada margaritifera spat and 3,861 Pteria species spat at Bweleo and 
Nyamanzi, respectively. The community welcomed trainings on growing and maintaining spat because 
this technique helps women, who are the traditional spat collectors, avoid going out in deeper waters to 
collect the large shells and alleviate dependence on men. Community members were, in turn, ready to 
train others making this activity sustainable and feasible by increasing the potential for shells to seed. 
These activities established a self-sustaining system to help empower women in building the economies 
of the Bweleo and Nyamanzi villages and further improve their household livelihoods. (13QSD01PU) 
 
In Ghana and Tanzania, household surveys were used to assess fish consumption and its implications for 
household nutrition and food security. The results showed that fish farming households are more food 
secure relative to non-fish farming households using the Food Consumption Score as a measure of food 
security. The surveys showed that the decision to adopt fish farming is influenced by the wealth of the 
household, the agro-ecological zone, residing in a peri-urban area, the household size and per capita 
income of the household. They also showed that female household heads and women in general located 
particularly in the savannah zone (Northern Ghana) would benefit from adopting fish farming particularly 
cage farming. (16HHI02PU) 
 
A study was conducted to compare wild populations of tilapia (Oreochromis niloticus) in the Volta basin 
and the eighth generation of selectively bred Akosombo strain from the basin under current and future 
climate conditions. This line of research helps create a more food secure future in Ghana by identifying 
which strains are more tolerant of extreme conditions. The results of the genetic analysis also showed that 
the Akosombo strain was well differentiated from all the wild populations (Aframso, Sabare and Binaba) 
studied. The combined results of the field, growth and genetic studies show that at least one wild 
population from the Oti River (Sabare) may possess the traits for superior performance under predicted 
climate changes, specifically high temperature and low DO conditions. (13IND01PU) 

Asia Project: Burma  
Project Title: Sustainable inland fisheries for Burmese food security in an era of global change 
 
Location 
USA: Michigan, USA 
 
Project Partners 
USA: Michigan State University (Lead US Institution) 
Burma: Yangon University 
 
Project Overview 
Burma is economically one of the poorest countries in Asia, with up to 26% of its population currently 
living in poverty. The Burmese people rely heavily upon their local inland fisheries for nutrition, 
particularly in rural communities. In addition to food security, inland fisheries contribute greatly to the 
local economy and livelihoods. For instance, the Burma Department of Fisheries (DOF) estimates that the 
entire (marine, inland, aquaculture) fisheries sector provided about 3,201,923 jobs (including part time 
and daily workers and people working in fish-processing related jobs), approximately 30% of the total 
workforce in Burma. Despite the importance of fish to the well-being (e.g., food, nutrition, and 
livelihoods) of the Burmese people, there currently is limited information concerning the drivers, 
functions, and dynamics of the productivity of the diverse set of small-scale wild-caught fisheries and 
aquaculture systems that comprise the inland fisheries resources of Burma. With limited professional 
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capacity in the region and a complex and poorly understood inland fisheries system, opportunities for 
understanding resource dynamics and capitalizing on the potential contributions of aquatic resources from 
wild caught and aquaculture produced fish to human welfare and economic well-being are likely to be 
undervalued. This can lead to the exclusion of inland fisheries from water policy decisions and negatively 
impact the people who depend on these freshwater resources. Therefore, this US-based desk study 
focused on filling gaps of understanding in fisheries and aquaculture. Using existing data, the 
investigations aimed to 1) highlight the crucial role that inland fisheries, both wild-capture and 
aquaculture, play in supplying micronutrients to the Burmese diet and they will also contribute to the goal 
of strengthening fisheries management and addressing issues of food security and human wellbeing in 
Burma in relation to its freshwater fisheries resources; and 2) complete a risk assessment of how the 
contribution of fisheries could be affected by the impending changes in climate conditions. 
 
Project Investigations 
2016-2018 Implementation Plan  

1. Determine the Role of Wild-Caught and Aquaculture-Based Inland Fisheries in Meeting Burma’s 
Nutritional Needs (16HHI05MS) 

2. Expected Impacts of Regional and Global Change (16IND04MS) 

 
AquaFish IL visits Yangon University to evaluate and build institutional capacity, Burma 2016. 

 
Achievements 
The contributions fish make to Burmese food security were not previously well understood. AquaFish IL 
research conducted a desk study to analyze Burmese consumption of nutrient intake from various fish 
sources and to explore differences in consumption across zones of Burma, wealth quintiles, and along the 
urban-rural continuum. Using data from the Integrated Household Living Conditions Assessment survey, 
conducted by the United Nations Development Program, national average fish consumption for 2010 was 
estimated at 20.72 kg/capita. Inland capture fish are particularly important for consumers in rural areas 
(who are, on average poorer than those in urban areas), while urban consumers and the wealthy are more 
likely to eat farmed fish. Dried, fermented, and other preserved fish products accounted for the single 
largest category of fish consumed in Burma. Fish contributed significantly to per day intake of protein. 
AquaFish IL research disaggregated nutrient contributions at a species level and were able to demonstrate 
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the importance of species diversity and the need for nutrition-sensitive approaches and monitoring trends 
in household fish consumption among the population and geographical groups described. (16HHI05MS) 

 
Burma is experiencing an increase in tropical storms and tidal surges along its coastline, the impacts of 
which can be severe due to the typography, shallow coastal ocean, and high population density in the 
region. Additionally, an increase in precipitation throughout the majority of Burma will likely cause 
increased flooding. In an effort to provide managers, policy makers, and development programs anticipate 
changes in inland wild and aquaculture fisheries, a systematic literature review was used to identify the 
impacts of climate change and applicable management strategies to address these impacts. Based on the 
management information, four management areas emerged: barrier vegetation, agriculture to aquaculture, 
protected areas, and coastal zone management that could be addressed across three levels (business as 
usual, low intervention, and high intervention). This information facilitated the development of a 
conceptual model illustrating these different management techniques for managers and the resources they 
have available. (16IND04MS) 
 
 

THEME B: INCOME GENERATION FOR SMALL-SCALE FISH FARMERS AND FISHERS 

Africa Project: Kenya & Uganda  
Project Title: Aquaculture Development in Kenya and Uganda: Advancing Cost-Effective Technology, 
Market Assessment, and End-User Engagement 
 
Location 
Uganda: Kajjansi, Gulu, Jinja, Kampala, Kayunga, Mukonno, Buikwe, Wakiso, Luweero, Mpigi, and 
Nakasongola 
Kenya: Kirinyaga, Nairobi, and Uasi Gishu/Rift Valley  
 
Project Partners 
USA: Auburn University (Lead US Institution), University of Arizona, Alabama A&M University, North 
Carolina University 
Kenya: University of Eldoret; Kenya Ministry of Agriculture, Livestock, and Fisheries 
Uganda: Makerere University (Lead Host Country Institution), Gulu University, National Fisheries 
Resources Research Institute 
 
Project Overview 
Poor families in developing countries typically spend 50 to 70 percent of their income on food. When 
quality food becomes too expensive, women tend to modify their consumption, often turning to cheaper 
alternatives, which typically lack necessary nutrients. To increase income and reduce the prevalence of 
undernutrition, enhancing access to fish and sustainable aquaculture is key. This project built on previous 
work by AquaFish IL to address obstacles to the development and growth of aquaculture in Kenya and 
Uganda. Research developed low-cost captive breeding and hatching technologies of African lungfish 
(Protopterus aethiopicus and P. amphibius) to introduce new opportunities for farming popular native 
species that are less vulnerable to a changing climate than many non-native species. To increase incomes 
for fish farmers and improve (and expand) markets of farmed fish, this research assessed price volatility 
in the fish supply chain in Uganda, in addition to creating a cell-phone network that will connect people 
throughout the aquaculture value chain. With the hope of mitigating negative environmental impacts of 
aquaculture, research measured various metrics of water quality in farmed waterbodies and evaluate the 
need for water quality amendments. Beyond direct improvements to aquaculture, AquaFish IL trained 
stakeholders thourghout the aquaculture value chain in Kenya and Uganda on research findings. With the 
help of institutional partners and industry, a series of capstone events were conducted that trained women 
on the nutritional value of new species and aimed to improve their access to information on aquaculture. 
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Project Investigations 
2013-2015 Implementation Plan  

1. Development of Low-Cost Captive Breeding and Hatching Technologies for Two African 
Lungfish (Protopterus aethiopicus and P. amphibius) to Improve Livelihoods, Nutrition, and 
Income for Vulnerable Communities in Uganda (13IND03AU)  

2. New Approaches to Inform, Motivate, and Advance Small and Medium-Scale Fish Farmers: 
Building Industry Capacity through Cell Phone Networks, Training, and Market Participation 
(13BMA04AU)  

3. Assessment of Market Opportunities for Small-Scale Fishers and Farmers in Central Uganda 
(13MER05AU)  

4. Assessment of Growth Performance of Monosex Nile Tilapia (Oreochromis niloticus) in Cages 
Using Low-Cost, Locally Produced Supplemental Feeds and Training Fish Farmers on Best 
Management Practices in Kenya (13SFT06AU)  

5. Formulation and Manufacture of Practical Feeds for Western Kenya (13SFT07AU) 
6. Development of Low-Cost Aquaponics Systems for Kenya (13BMA05AU) 

 
2016-2018 Implementation Plan  

1. Development of Captive Breeding, Larval Rearing Technologies and Management Practices for 
African Lungfish (Protopterus aethiopicus) (16IND03AU) 

2. Implementing and Assessing Cell-Based Technical and Marketing Support Systems for Small- 
and Medium-scale Fish Farmers in Uganda (16FSV02AU) 

3. Assessment of Price Volatility in the Fish Supply Chain in Uganda (16MER02AU) 
4. Women in Uganda Aquaculture: Nutrition, Training, and Advancement (16HHI04AU) 
5. Water, Water Quality, and Pond Bottom Soil Management in Ugandan Aquaculture 

(16BMA05AU) 
 

 
Fish farmers gathering fish in a net, Kenya 2016. Photo by Charles Ngugi. 

 
Achievements 
As part of a study on mobile phone use by fish farmers in Uganda, AquaFish IL developed and tested 
eight modules for farmers based on previously identified needs, including pond management, feeds, 
broodstock, water quality management, stocking, harvesting, and market price. The modules can be 
accessed on three platforms (basic phones, smartphones, and the internet). The mobile phone application, 
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which was launched during an annual fish farmer symposium in Uganda in 2017, had nearly 1,300 
downloads within the first year. The application addresses fish farming information gaps and provides 
farmers with current market information. Several training workshops were held to test the application and 
the project team worked with the Directorate of Fisheries Resource on how they can benefit from this 
technology. (13BMA04AU, 16FSV02AU) 
 
AquaFish IL successfully developed small- and moderate-scale aquaponics systems in Kenya. The small-
scale system was tested at the University of Eldoret, where researchers grew monosex Nile tilapia and 
lettuce. Both fish and horticultural crops had satisfactory growth performance in the prototype aquaponics 
system developed during this study. The biofilter system developed in the small-scale system is capable 
of efficient nitrification to provide required nitrates for the plant bed. The moderate-scale system was first 
tested in the green house at the University of Eldoret and then implemented on a local farm. The system 
was successfully implemented with African catfish and leafy greens (primarily kale and spinach). These 
two systems demonstrate the potential for improved nutrient efficiency and water conservation for 
aquaculture production. (13BMA05AU) 
 
Grow-out and reproduction experiments continued to guide the development of low-cost technologies for 
propagating and producing cultured African lungfish (Protepterous aethiopicus) to improve household 
nutrition, food security, and income and decrease reliance on wild seedstock. Through this study, 
AquaFish IL generated valuable information on lungfish. Initial attempts to raise wild-caught lungfish 
fingerlings (9.58-9.95g) revealed how this fish accepts sinking pellets, although with only marginally 
increased growth and survival rates of about 60%. Preliminary findings indicated that eggs can hatch at a 
range of 24°C to 32°C, but optimal temperature is 27°C. This research also determined that lungfish fry 
would grow well on commercial diets that are rich in proteins (35-57%) and if graded to same size. 
(13IND03AU, 16IND03AU)  
 
Because forecasting fish prices can provide critical information to fish farmers making production and 
marketing decisions, AquaFish IL analyzed the seasonal price variations in the catfish subsector of 
Uganda and developed a seasonal model for forecasting monthly farm-gate catfish prices. The model 
predicted that the highest catfish prices adjusted seasonally appear in June, July, and August. Farmers can 
now use the model to develop market specific strategies and to manage price risk. (16MER02AU) 
 

THEME C: ENVIRONMENTAL MANAGEMENT FOR SUSTAINABLE AQUATIC RESOURCES USE  
 
Asia Project: Bangladesh  
Project Title: Enhancing Aquaculture Production Efficiency, Sustainability, and Adaptive Measures 
to Climate Change Impacts in Bangladesh 
 
Location 
Bangladesh: Bagerhat, Barisal, Bogra, Khulna, Mymensingh, Patuakhali, and Satkhira  
 
Project Partners 
USA: North Carolina State University (Lead US Institution) 
Bangladesh: Bangladesh Agricultural University (Lead Host Country Institution), Patuakhali Science and 
Technology University, Hajee Mohammad Danesh Science and Technology University, Khulna 
University, Shushilan NGO, University of Dhaka 
Philippines: Central Luzon State University, Southeast Asian Fisheries Development Center 
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Project Overview 
Bangladesh, one of the most densely populated countries in the world, has high rates of poverty and 
widespread malnourishment, particularly among women and children. Sustainable aquaculture in 
Bangladesh is one solution for increasing food security, enhancing dietary nutrition, and improving the 
economic livelihoods for its poorest citizens. However, technical, environmental, and economic barriers 
limit aquaculture production in the country. This project, through five investigations, builds on past 
AquaFish IL work to address such barriers by developing technologies for enhancing aquaculture 
production efficiency, intensification, and sustainability to improve household income and nutrition, 
particularly for low-income farming households. With the hope of increasing feed efficiency and reducing 
associated costs, researchers will evaluate the effectiveness of nutritional conditioning and characterize 
the respective changes in gut microbial communities and nutrient absorption in tilapia. To address 
environmental and economic concerns for the existing farming industries of shrimp and prawn, 
researchers will continue to assess the potential for farming Pangasius catfish in brackish (hyposaline) 
waters in regions traditionally reliant solely upon shrimp farming. Researchers will also examine a novel 
polyculture/land-farming strategy, culturing Mola (Amblypharyngodon mola) with prawns and using pond 
muds as fertilizer to grow fresh vegetables on unflooded gher-dykes. Lastly, researchers will evaluate the 
effects of reducing feed and investigate polyculture technology, particularly in indigenous, air-breathing 
fishes such as Shing and Koi (nutrient rich and hardy fish), to enhance incomes and dietary nutrition, 
while reducing environmental impacts. To maximize the adoption and impact of improved technologies, 
researchers will hold a series of workshops and trainings, complemented by the distribution of outreach 
materials. 
 
Project Investigations 
2013-2015 Implementation Plan  

1. Economic and Environmental Benefits of Reduced Feed Inputs in the Polyculture of Tilapia and 
Major Indian Carps (13SFT04NC)  

2. Pulsed Feeding Strategies to Improve Growth Performance, Gastrointestinal Nutrient Absorption 
Efficiency, and Establishment of Beneficial Gut Flora in Tilapia Pond Culture (13SFT05NC)  

3. Novel Approach for the Semi-Intensive Polyculture of Indigenous Air-Breathing Fish with Carp 
for Increasing Income and Dietary Nutrition while Reducing Negative Environmental Impacts 
(13MNE01NC)  

4. The Culture Potential of Pangasius Catfish in Brackish (Hyposaline) Waters of the Greater 
Barisal Regions in Southern Bangladesh (13BMA02NC)  

5. Integrated Mola Fish and Gher/Freshwater Prawn Farming with Dyke Cropping to Increase 
Household Nutrition and Earnings for Rural Farmers in Southwest Bangladesh (13HHI03NC)  

6. Production for Nutrient-Rich Small Fish Mola and Freshwater Prawn Using Integrated Cage-
Pond Carp Polyculture for Northwest Bangladesh (13BMA03NC)  

7. Improving Nutritional Status and Livelihoods for Marginalized Women Households in Southwest 
Bangladesh through Aquaculture and Value Chain Analysis (13MER04NC) 

 
2016-2018 Implementation Plan  

1. Advancing Semi-intensive Polyculture of Indigenous Air-breathing Fishes, Koi and Shing, with 
Major Indian Carps for Enhancing Incomes and Dietary Nutrition while Reducing Environmental 
Impacts (16MNE01NC) 

2. Nutritional Conditioning during Larval Development to Improve Feed Efficiency and Identify 
Beneficial Gut Flora in Tilapia (16SFT02NC) 

3. Better Management Practices for Mola-Prawn-Carp Gher Farming Integrated with Pond Dyke 
Cropping for Increased Household Nutrition Earnings of Rural Farmers in Southwest Bangladesh 
(16HHI01NC) 

4. Tilapia and Koi (climbing perch) Polyculture with Pangasius Catfish in Brackish (hyposaline) 
Waters of Southern Bangladesh (16IND02NC) 
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5. Dissemination of AquaFish Innovation Lab Technologies for Improving Food Production 
Efficiency and Livelihoods of the People of Bangladesh (16MNE02NC) 

Posing with a basket of fish, Bangladesh 2014. Photo by Hillary Egna 
 
Achievements 
Research in Bangladesh continued testing novel technologies and management practices for intensifying 
seafood production while maximizing utilization of nutrient input and reducing environmental impacts 
through polyculture. This research has added benefits of improving overall aquaculture production 
efficiency and increasing incomes of farmers in Bangladesh.  
 
Polyculture research demonstrated that inclusion of two major Indian carp, rohu and catla, either alone or 
in combination, has little impact on koi (Anabas testudineus, climbing perch) production, but provides a 
means for farmers to enhance their income by providing additional fish (carps) for home consumption or 
sale at local markets. Collectively, analyses indicate that: 1) koi polyculture with major Indian carps 
provides the opportunity to produce additional fishes while improving koi production, and 2) reductions 
in feed ration along with pond fertilization can provide further cost savings in koi-carp polyculture 
without negatively impacting fish production. (13MNE01NC, 16MNE01NC) 
 
AquaFish IL research investigated the potential to culture Pangasius in brackish waters. In both on-
station and on-farm trails, Pangasius survival and growth rates in saline waters up to 12 ppt did not 
significantly differ from those in less saline waters. Building on this work, researchers conducted a study 
on tilapia-Pangasius, koi-Pangasius, and tilapia-koi-Pangasius polyculture in brackish waters. Results 
show that monoculture of Pangasius had the highest fish yields, but tilapia-Pangasius polyculture had the 
highest profit because of tilapia's high market value in Bangladesh. The ability to utilize hyposaline 
waters for the polyculture of Pangasius and tilapia has potential to enhance efficiency and economic 
return of these systems for coastal farmers in Bangladesh. (13BMA02NC, 16IND02NC) 
 
To increase household nutrition, researchers explored the integration of mola into prawn-carp culture. 
During on-farm trials, the inclusion of mola increased fish yield and the respective household 
consumption of fish. During the second phase of this study, researchers evaluated the effects of three 
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fertilization regimes: molasses and yeast (organic fertilizer), phosphate and urea (inorganic fertilizer), and 
a combination of both fertilizers in mola-prawn-carp gher (seasonal rice/paddy fields) farming systems. 
This study demonstrated that the addition of either organic or inorganic fertilizer enhances total fish 
yields, while a combination of both fertilizers enables the highest production of prawn and fishes. Further 
analyses suggest that dyke cropping can provide farmers and their families additional opportunities to 
generate income and consume nutritious foods. Results from this work suggest that the addition of black 
polythene (substrate) to pond muds derived from mola-prawn-carp polyculture increased vegetable yields. 
(13HHI03NC, 16HHI01NC)  
 
To increase household income, researchers sought to improve nutrient uptake and utilization along with 
production efficiency of tilapia culture. To do so, researchers assessed the effects of limited-term reduced 
protein diets for post-yolk sac Nile tilapia fry on long-term growth, intestinal gene expression, and fecal 
microbiome. During on-station trials in tanks, growth data indicated that tilapia fry fed reduced protein 
diets for 7 or 14 days may improve overall growth of fish later in life, but on-farm trails in ponds suggest 
that early protein restriction only enhanced feed conversion ratios. Limited protein early in life has little 
apparent effect on fish gut microbiome, but the diversity of microbes is dynamic and changes over time. 
Results indicated that limiting protein early in life could reduce feeding costs and enhance production if 
performed in clean tank systems. (16SFT02NC).  

Asia Project: Nepal  
Project Title: Development of More Efficient and Environmentally Sustainable Aquaculture Systems 
for Nepal 
 
Location 
Nepal: Rampur, Chitwan, Majhui, Kawasoti, Nawalparasi, Kathar, and Terai Region 
 
Project Partners 
USA: University of Michigan (Lead US Institution) 
Nepal: Agriculture and Forestry University (Lead Host Country Institution), Nepal Agricultural Research 
Center, Directorate of Fisheries Development 
 
Project Overview 
Nepal is a poor country; most residents are, at best, educated at the level of primary schooling, and many 
are undernourished or even malnourished. As a result of this poverty, most planning documents produced 
by the government, as well as outside organizations, concentrate on human health and nutrition as the 
main focus for future development of aquaculture in this region. This project builds on previous AquaFish 
IL work to improve food security and nutrition for rural communities in Nepal through four continuing 
investigations on small-scale aquaculture, outreach programs for rural farmers and their families, and 
expanding school ponds for education of rural youth. To improve productivity of production systems 
without increasing inputs, researchers investigate polyculture of carp with Nile tilapia (Oreochromis 
niloticus) and sahar (Tor putitora). Additionally, the project explores ways to enhance periphyton growth 
in aquaculture ponds. Increased periphyton, as it removes excess nutrients from water, could decrease 
negative environmental effects of aquaculture while augmenting production of periphyton feeders, such 
as rohu, catla, and common carp. Researchers also focus on enhancing the production of native fish 
species, with particular attention to sahar, an economically important, high-valued indigenous fish species 
in Nepal. By incorporating sahar in on-farm trials for improving culture techniques, researchers hope to 
expand seed production, a major bottleneck to aquaculture development in Nepal. Researchers are 
inquiring about the sources of aquaculture information for local households and if/how that information 
changed household aquaculture. 
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Project Investigations 
2013-2015 Implementation Plan  

1. Reproduction and Seed Production of Sahar (Tor putitora) in Chitwan, Nepal (13QSD02UM)  
2. Production of Periphyton to Enhance Yield in Polyculture Ponds with Carps and Small 

Indigenous Species (13SFT08UM)  
3. Household Fish Ponds in Nepal: Their Impact on Fish Consumption and Health of Women and 

Children and their Constraints Determined by Value Chain Analysis (13MER06UM)  
4. Two Small Indigenous Species to Improve Sustainability in Typical Polyculture Systems in Nepal 

(13IND04UM)  
5. Demonstrating the Value of Tilapia and Sahar Production in Polyculture Ponds Using 

Government Farm and On-Farm Trials (13BMA06UM)  
6. Establishing School Ponds for Fish Farming and Education to Improve Health and Nutrition of 

Women and Children in Rural Nepal (13HHI04UM) 
 
2016-2018 Implementation Plan  

1. A Comparison of Monoculture and Polyculture of Tilapia with Carps for Pond Production 
Systems in Nepal (16BMA03UM) 

2. Developing New Systems for Periphyton Enhancement in Farmers’ Ponds (16BMA04UM) 
3. Improving Seed Production of Sahar (Tor putitora) in Chitwan, Nepal (16QSD02UM) 
4. Outreach to Increase Efficiency of Aquaculture in Nepal (16HHI03UM) 

 

 
A woman balances fish on a scale, Nepal 2013. 

 
Achievements 
Research aimed to improve seed production of sahar, a native and economically important fish, yet 
difficult to raise in captivity. In breeding experiments, 20 females successfully released eggs averaging 
over 1600 eggs per kg of body weight, though timing of maturity proved difficult. Sahar fry rearing has 
begun and researchers have determined that stocking density of sahar fry from 5 to 20 fish per m2 has no 
significant effect on survival. (13QSE02UM, 16QSD02UM) 
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With the hopes of utilizing sahar and increasing farmers’ profits, researchers also compared monoculture 
and polyculture of tilapia with carps and sahar through on-farm trials. Fish yield and profit margins were 
significantly higher in the polyculture systems than the monoculture carp systems. (13BMA06UM, 
16BMA03UM)  
 
To increase the growth of periphyton in ponds and therefore reduce the need for expensive commercial 
feed, on-farm experiments tested the utility of four substrates that were recommended by farmers to 
enhance periphyton growth at previous AquaFish IL workshops: split bamboo mats, whole bamboo, 
plastic bottles, and the midrib of banana leafs. On-farm trials were conducted with 15 women farmers 
from a women’s cooperative in Majhui and 22 women farmers from a cooperative in Seri. Results 
indicate that farmers using substrate produced significantly more fish (kg/100 m3) and earned 
significantly more during both the on-station trials and the on-farm trials. (13SFT08UM, 16BMA04UM)  
 
AquaFish IL work with local schools to establish ponds for enhancing the science and agriculture 
curriculum and also for training women’s groups on fish production and the nutritional value of 
consuming fish proved successful. Throughout the project, AquaFish IL helped establish aquaculture 
ponds at six schools in Nepal and trained 200 students and 44 women. The training included subjects such 
as economic and nutritional importance of fish, pond design and development, identification of cultivated 
fishes, pre-stocking management, liming, fertilization, seed transport and stocking, post-stocking 
management, water quality management (Color, DO, pH, Transparency, etc.), feed management, weed 
and pest management, harvesting, post-harvest management, integrated fish farming, introduction to fish 
diseases, and record keeping. (13HHI04UM, 16HHI03UM) 
 

THEME D: ENHANCED TRADE OPPORTUNITIES FOR GLOBAL FISHERY MARKETS 

Asia Project: Cambodia & Vietnam 
Project Title: Improving Food Security, Household Nutrition, and Trade through Sustainable 
Aquaculture and Aquatic Resource Management in Cambodia and Vietnam 
 
Location 
Cambodia: Kandal province, Kampong Chnang province, Kampong Thom province, Siem Reap province, 
Phnom Penh, Prey Veng province, Tonle Sap region, Kampong Cham province, Preah Sihanouk province, 
Battambang province, Pursat province, Kandal province, and Kratie province 
Vietnam: An Giang province, Dong Thap Province, Can Tho province, Hau Giang, Camau, Longan, Vinh 
Long, and Tra Vinh province 
 
Project Partners 
USA: University of Connecticut – Avery Point (Lead US Institution), University of Rhode Island 
Cambodia: Inland Fisheries Research and Development Institute (Lead Host Country Institution) 
Vietnam: Can Tho University 
 
Project Overview 
The productive Mekong fisheries are essential to the food security and nutrition of the 60 million people 
of the Lower Mekong Basin. Fish, from capture and culture, are a significant source of income and food 
security in Cambodia and Vietnam. The rapid growth of freshwater aquaculture in both countries 
represents an opportunity to improve the livelihood of their residents. Climate change, however, coupled 
with population growth and overexploitation of fisheries, poses a threat to productivity and viability of 
sustainable aquaculture operations. This project builds on past AquaFish IL work through five integrated 
investigations that support the development of sustainable aquaculture, enhancement of trade, and 
improvement of aquatic resource management, with a focus on sustainable snakehead aquaculture after 
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the ban of snakehead farming was lifted in Cambodia in April 2016. To address the sustainability of the 
popular snakehead industry, research aimed to develop alternative cost-effective feeds, compare growth 
performance and survival rate of different snakehead strains, and improve value-added processing 
techniques typically undertaken by women. A household survey explored the availability of fish, as well 
as perceived versus actual benefits of consuming fish. The results of these efforts helped inform strategies 
and policies that address nutritional deficits, particularly for women and children in Cambodia. 
 

 
Weighing fish for sale, Cambodia 2008 

 
Project Investigations 
2016-2018 Implementation Plan  

1. Genetic Diversity of Striped Snakehead (Channa striata) in Cambodia and Vietnam 
(16QSD01UC) 

2. Guidance and Policy Recommendations for Sustainable Snakehead Aquaculture and Aquatic 
Resource Management in Cambodia and Vietnam (16PDV01UC) 

3. Sustainable Snakehead Aquaculture in Cambodia (16IND01UC) 
4. Pellet Feed Improvements through Vitamin C Supplementation for Snakehead Culture 

(16SFT01UC) 
5. Enhancing Food Safety and Household Nutrition of Women and Children through Aquaculture 

and Capture Fisheries in Cambodia and Vietnam in the Dry Season (16FSV01UC) 
 
 
2013-2015 Implementation Plan  

1. Impacts of Climate Change on Fish Value Chains in the Lower Mekong Basin of Cambodia and 
Vietnam (13MER03UC)  

2. Alternative Feeds and Processing for Freshwater Aquaculture Species (13SFT03UC)  
3. Sustainable Snakehead Aquaculture Development in the Lower Mekong River Basin of 

Cambodia (13IND02UC)  
4. Estimating Carrying Capacity for Aquaculture in Cambodia (13WIZ01UC)  
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5. Enhancing Food Security and Household Nutrition of Women and Children with a Focus on 
Nutrient Dense Commonly Consumed Fish from Capture Fisheries and Aquaculture in Cambodia 
(13HHI02UC)  

6. Policy Recommendations to Improve Food Security and Household Nutrition through Sustainable 
Aquaculture and Aquatic Resource Management in Cambodia and Vietnam (13PDV01UC) 

 
Achievements 
The AquaFish IL Cambodia and Vietnam project led research that supported the development of 
sustainable snakehead aquaculture, informed climate change adaptation strategies for fish farming, and 
evaluated fish consumption and nutrition. The project saw the lifting of a more than 10-yearlong ban on 
snakehead farming in Cambodia. The lifting of the ban was in part because of AquaFish IL research and 
policy development on sustainable snakehead aquaculture practices. A primary reason for the ban was 
due to concerns about the environmental impact of capturing wild small-sized fish (SSF) in Cambodia for 
the culture of snakehead and hence, AquaFish IL developed pelleted feed for snakehead production.  
 
One experiment showed that both Vietnamese hatchery snakehead (domesticated) and Cambodian 
indigenous wild snakehead (non-domesticated) can accept formulated pelleted feed, and that domesticated 
broodstock of Vietnam origin grew more than twice as fast as fish reared from wild Cambodian 
broodstock on pelleted feed. The second generation from this study was raised as broodstock in efforts to 
increase domestication of Cambodian snakehead. In 2015, more than 90% of snakehead farmers (who 
produce 99% of the total production of snakehead) in 13 provinces in the southern region of Vietnam, 
including the Mekong Delta, were using these diets instead of SSF. Although snakehead accepted pelleted 
feed, anecdotal reports from farmers suggested fish fed on these diets suffer from lordosis and scoliosis, 
issues associated with vitamin C deficiency. AquaFish IL researchers built on this work to determine the 
optimal level of vitamin C (ascorbic acid) in snakehead feed. The requirement of ascorbic acid by 
snakehead was determined to be 277 mg.kg-1 feed in the laboratory study. The diet supplemented with 
ascorbic acid at 250 to 1000 mg.kg-1 feed is an appropriate and cost-effective concentration range for 
improving growth performance and immunity of snakehead fish on fish farms. (13IND02UC, 
16SFT01UC) 
 
To further increase the sustainability of snakehead aquaculture, one study characterized and compared the 
genetic diversity of domesticated and non-domesticated (wild) strains of snakehead in Cambodia and 
Vietnam. Researchers have analyzed nearly 300 samples from domesticated and wild strains. The three 
groups (Cambodian-, Vietnam wild- and domesticated- groups) of striped snakehead had unique 
haplotypes for both Cytochrome b and D-loop. However, there was no relationship between geographic 
distances and haplotype tree or network. Most of the unique haplotypes diverged from the common 
haplotype (e.g., Hap-3 in Cytochrome b), indicating they are most likely recent mutants. Overall, genetic 
diversity was highest in Cambodia wild populations and lowest in Vietnam domesticated populations. 
(16QSD01UC)  
 
In a 2013 study, researchers surveyed women and preschool-aged children to evaluate their food 
consumption and determine common fish species consumed. Women in the area studied consumed 43 
fish and other aquatic animal (OAA) species. The most common fish species were Trey Riel (Cirrhinus 
sp.), Trey Ros (Channa striata), and Trey Chhpin (Hypsibarbus pierrei). On average, fish and OAA 
contributed 49% of the protein consumed by women and 41% of the protein consumed by preschool-aged 
children. To help improve household food security of women and children, one study has started to 
analyze the nutrient density of commonly consumed fish and other aquatic animals from both capture 
fisheries and aquaculture and its products through face-to-face surveys. Once surveys are complete, 
researchers will make nutritional recommendations. (13HHI02UC, 16FSV01UC). 
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VI. HUMAN AND INSTITUTIONAL 
CAPACITY DEVELOPMENT  

 
HUMAN CAPACITY DEVELOPMENT 

 
The capacity building efforts of the AquaFish IL benefited stakeholders in Host Countries, the US, and 
more broadly through the transfer of knowledge and technologies on aquaculture and fisheries. The 
AquaFish IL supported degree-seeking students through long-term trainings; trained fishers, farmers, 
extension agents, and other stakeholders interested in acquiring knowledge and skills through short-term 
training events; and provided opportunities for early career scientists, farmers, and others to make 
connections and strengthen networks.  
 
The AquaFish IL understands that women’s participation is essential to the successful growth and 
development of the aquaculture and fisheries sectors. To ensure that women were included in the 
development agenda in meaningful and equitable ways, the AquaFish IL set benchmarks to track the 
inclusion of women and men in projects funded by the AquaFish IL. Some key capacity building 
strategies included: collecting and analyzing disaggregated gender data from individual research and 
outreach projects, tailoring specific extension and technical services to women and underrepresented 
groups, gender mainstreaming throughout all aspects of the research and development enterprise, 
engaging outreach specialists who are sensitive to challenges facing underrepresented groups, and setting 
a 50% benchmark for women’s participation in short- and long-term trainings. 
 
Each of the AquaFish IL projects was designed to address country-specific research and development, 
and add to a larger global understanding of factors leading to sustainable aquaculture development. 
Capacity building was thus a cross-cutting program element, fundamental to accomplishing the AquaFish 
IL mission. 
 
Short-Term Trainings 
“Short-term trainings,” defined as a non-academic training activities that lasted less than six months and 
did not lead to a degree or technical certificate, provided opportunities for participants to aquire 
knowledge and skills on a wide range of aquaculture topics. Short-term trainings were typically in the 
form of short-courses, seminars, workshops, internships, and observational study tours, and targeted Host 
Country extension specialists, local farmers and fishers, producers, fisheries officers, policy makers, 
NGOs, and other stakeholders.  
 
Since 2006, the AquaFish IL trained over 11,437 people through 348 short-term training events held in 19 
countries in Africa, Asia, and the Americas (Figure VI-1). Women represented 38% of the total trainees 
with reported gender, with 4,223 women participants, 7,155 men, and 59 unknown (Table VI-1), 
gradually increasing over time to 46% women participants in FY18 (Figure VI-2). A detailed list of 
training events by country can be found in Appendix G. 
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Figure VI-1. Total short-term trainees by country from 2006 to 2018. 
 
Table VI-1. Short-term trainings by country and gender since 2006. 
Country	 Number	of	

Women	Trainees	
Number	of	Men	

Trainees	
Total	Trainees	 Number	of	Training	

Events	
Bangladesh	 266	 469	 735	 20	
Brazil	 83	 146	 229	 1	
Cambodia	 459	 822	 1281	 51	
China	 324	 758	 1082	 11	
Ghana	 309	 914	 1223	 20	
Guyana	 112	 110	 222	 9	
Indonesia	 72	 133	 264	 11	
Kenya	 248	 599	 847	 26	
Mali	 33	 315	 348	 17	
Mexico	 380	 562	 942	 38	
Nepal	 404	 296	 700	 25	
Nicaragua	 277	 111	 388	 14	
Philippines	 299	 354	 653	 21	
South	Africa	 12	 31	 43	 2	
Tanzania	 120	 271	 391	 14	
Thailand	 14	 14	 28	 1	
Uganda	 505	 855	 1373	 35	
USA	 6	 9	 15	 3	
Vietnam	 300	 373	 673	 29	
Grand	Total	 4,223	 7,142	 11,437	 348	
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Figure VI-2. Percent of women and men short-term trainees by fiscal year from 2006 to 2018. 
 
Long-Term Trainings 
Building human and institutional capacity in partner countries is a hallmark of the AquaFish IL 
collaborative research program. The AquaFish IL provided support, research mentoring, and academic 
and career guidance for students in undergraduate and graduate programs in a wide array of disciplines 
including aquaculture, fisheries, aquatic ecology, economics, and engineering. These degree seeking 
training opportunities were referred to as “Long-term trainings.” Long-term degree students constitute a 
pipeline of educated professionals positioned to enter careers in government, academia, and private 
enterprise upon graduation. 
 
Since 2006, the AquaFish IL supported and mentored a total of 633 long-term students, hosted in 16 
countries (Figure VI-3) by 50 different universities and institutions (12 in the US and 38 in Host 
Countries). The AquaFish IL nearly met its 50% benchmark for women’s participation in long-term 
trainings, with 303 (48%) women and 330 (53%) men (Figure VI-4).  
 
The degree breakdown for long-term trainees is as follows: 1 High School program, 13 in a Certificate 
program; 294 (48%) in a Bachelor’s program; 249 (41%) in a Master’s program; 47 (8%) in a PhD 
program; and four post-doctoral fellows (Table VI-2). 
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Figure VI-3. Long-term students who received AquaFish IL support from 2006-2018, by country in 
which the training occurred. 
 
 

 
Figure VI-4. Percent of women and men long-term students supported by fiscal year from 2006-2018. 
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Table VI-2. Long-term trainees supported by the AquaFish IL from 2006-2018 by gender, region, and 
degree type. 
Students by Category Number of LT Trainees Percent 
Gender 
Women 303 48% 
Men 330 52% 
Region of Origin 
Africa 122 19% 
Asia 358 57% 
LAC 74 12% 
USA/Canada 79 12% 
Degree Type 
BS 299 47% 
MS 262 42% 
PhD 51 8% 
Other (HS, certificate, Post-doc) 20 3% 
Total 633  
 
Career Advancement 
The AquaFish IL has provided numerous career advancement opportunities to students and young 
professionals as one component of its HICD strategy. Support was provided in the form of awards and 
fellowships, registration and travel to enable participation in conferences, hosting conference sessions in 
which AquaFish partners presented their research, encouraging and providing funds for publication of 
findings in the peer reviewed literature, and mentorship for education and professional development. 
 
Some recent illustrative examples of awards and fellowships provided by AquaFish IL include:  
• World Aquaculture Society Conference in Cape Town, South Africa, 2017 – AquaFish IL awarded 

five professional fellowships and five student awards, enabling their conference participation. 
• AIARD, 2018 – AquaFish IL provided registration and travel for five OSU students to attend, 

participate in, and network at AIARD. 
• IIFET 2018 - AquaFish IL gave two “Best Student Paper” awards at the conference of the 

Internaitonal Institute of Fisheries and Economics (IIFET). These awards enabled the attendance and 
participation of bright and promising students from Kenya and Nigeria, who presented their research 
on the economics of aquaculture.   

INSTITUTIONAL STRENGTHENING 
 
Education and capacity building in aquaculture can help individuals and communities make strides 
towards better incomes, improved food security, and increased gender equity. However, efforts do not end 
with individual fish farmers or fishing communities. Lasting impacts often rely on the growth and 
development of institutions, including those of governments and higher education.  
 
Since 2006, the AquaFish IL developed and expanded capacity in Host Countries by collaborating with 
faculty and researchers, supporting degree-seeking students, developing aquaculture-related curricula, and 
building partnerships with local aquaculture and fisheries organizations and businesses.  
 
Since 2006, the AquaFish IL program supported institutional capacity at partner universities through 
faculty support and the development of curricula and degree programs at international institutions, 
including in Mexico, Kenya, Nepal, and Ghana. At UJAT in Mexico, over 12 years, the AquaFish IL 
supported eight key faculty members and the development of courses in Experimental Design, Culture of 
Aquatic Organisms, Fish Nutrition, Tilapia Aquaculture, and Limnology. Key faculty incorporated the 
new courses into curriculum revisions for the BS in Biology, BS in Aquaculture Engineering, and the 
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MSc in Environmental Sciences degrees. The AquaFish IL also helped strengthen the infrastructure of the 
Tropical Aquaculture Laboratory of the Biological Sciences Division, the Aquaculture Laboratory of the 
Agricultural Sciences Division, and the Marine Aquaculture Station. Research for theses is conducted at 
these facilities, which are also used for teaching workshops and laboratory classes in support the 
abovementioned degrees. 
 
The AquaFish IL team in Nepal made significant strides advancing the aquaculture and fisheries program 
at Agriculture and Forestry University (AFU). With the help of AquaFish IL and Nepalese government 
agencies, AFU now offers the country’s only Bachelor of Science program in Fisheries, which admitted 
its first class in 2014. Additionally, the first Nepal Fisheries Society Convention was held in Kathmandu 
in 2015, with AFU faculty members and postgraduate students involved in the planning of the event, as 
well as presenting papers. AquaFish IL partners at AFU continue to improve faculty capacity for its 
aquaculture program and began organizing a workshop in 2017 to connect students with industry and 
government officials in order to increase job placement of graduating students. The goal is to incorporate 
these types of workshops into the AFU aquaculture curriculum moving forward. As a result of AquaFish 
IL capacity building, AFU used its own funds to build a lab and facility for training aquaculture students. 
 
For a decade, AquaFish IL partners in the US and at Kwame Nkrumah University of Science and 
Technology (KNUST) in Ghana developed new programs and curricula in aquaculture and fisheries, 
which established KNUST as a leading program in aquaculture research in Ghana. The program includes 
a fish farm operated by the university’s Department of Fisheries and Watershed Management. The fish 
farm facilities were recognized by Ghana’s Ministry of Fisheries and Aquaculture with a National Best 
Pond Fish Farmer Award during the country’s 31st National Farmers’ Day in 2015. In 2017, long-time 
AquaFish IL partner and collaborator, Dr. Steve Amisah, was appointed Provost of the College of 
Agriculture and Natural Resources at KNUST. Just six months later, Dr. Amisah was appointed by the 
President of Ghana as a Member of the Board of the Fisheries Commission of Ghana.  
 
Institutional strengthening also arises from successful partnerships that allow institutions to gain valuable 
experience in managing international grants and research projects. Universities in developing nations 
often require external guidance and training to facilitate intake and administration of such grants and 
awards. The capacity to process awards from US universities tends to be underdeveloped and basic 
research structures are seldom in place. Bangladesh Agricultural University (BAU), the premier 
agricultural university in Bangladesh, has developed its research portfolio, due in part to a 10-plus year 
partnership with the AquaFish IL. BAU now has a mechanism to promote and administer multi-
institutional collaborations within Bangladesh. AquaFish IL’s collaboration with HC institutions allowed 
these universities to build the administrative infrastructure necessary to be competitive for future 
international awards and enables the development of multi-institutional collaborations within the host 
country itself.  
 
These accomplishments, aided by AquaFish IL support and collaboration, increased the capacity for 
institutions to admit more students and improve facilities, and helped establish these institutions as 
leaders in higher education and research.  
 
Fostering connections with institutions around the world was a primary component of AquaFish IL HICD 
efforts. These networks helped create long-lasting collaborations and provided both trainees and 
organizations with resources that they can access and build upon throughout their careers. AquaFish IL 
supported long-term trainees who were enrolled in over 50 univerities and instituions in 16 countries 
since 2006 (for trainings by country see Figure VI-3, and for a complete list of AquaFish IL institutional 
affiliations see Appendix E. List of Program Institutional Partners). 
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ENABLING ENVIRONMENT 
 
The AquaFish IL Director created an enabling environment from program inception to facilitate public 
and private investment, overcome barriers such as social and econimc inequities, improve technical 
efficiencies, reduce transaction costs, and improve individual and institutional capacities. 
 
AquaFish IL conducted research and trainings to address key constraints underlying low levels of private 
investment. One example is AquaFish IL’s short-term trainings on record keeping, which not only is 
needed to attract bank and microfinance loans but is needed for sustainable farm management. 
 
Throughout the years, the AquaFish IL conducted train-the-trainer workshops for researchers, 
extensionists, hatchery managers, and farmer trainers to ensure that a core group of exceptional 
individuals are present in Host Countries to provide extension activities well after the AquaFish IL ends. 
These types of trainings empower the trainees to “train” their counterparts, which requires a level of 
knowledge not always reached through a one-day workshop. These trainers become well-versed on a 
particular topic and can be consulted for input and advice in the future. One such example was AquaFish 
IL’s support for individuals to attend the Certified Aquaculture Professional (CAP) program at Auburn 
University, an AquaFish IL US partner institution. The hands-on field experience at the Auburn 
University Fisheries Research Station allowed the trainers to experience all of the techniques they would 
teach others. Following this advanced trainer program, the trainers held up to two training sessions for 
others in their home countries, ensuring knowledge transfer to the Host Countries. 
 

 
AquaFish CRSP leads trainings as part of the Mali Associate Award Project, Mali 2010. Photo by Jim  

Bowman. 
 
AquaFish IL provided enabling information and training to local private sector partners 
1) Seyou Toé 
Since his initial training under the AquaFish CRSP/Mali Associate Award Project in Kenya and Mali, 
Seydou Toé served as a resource person in the subsequent trainings and was instrumental in the 
construction of the hatchery at the Sotuba training center. He also constructed a small hatchery facility at 
his own farm in Banco and began producing catfish fingerlings for sale. He was able to sell all the 
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fingerlings he has produced, earning a significant income for the family. Seydou has also conducted a 
number of other trainings around the country, starting with the training of 10 young people in Bougouni 
(approximately 160 km south of Bamako) in the techniques of pond construction and management in 
early November 2009. Other trainings he has conducted include the following: 

• Training of 40 producers in pond construction in Ségou in January 2010 
• Training of 35 producers in pond management in Sanankoroba in February 2010 
• Training of 5 leading producers in pond construction in Gao in May 2010 
• In late 2010, he built two new ponds for other farmers, one in Sénou and the other in Sirakoro 

Méguetana. 
  
AquaFish IL worked with stakeholders to inspire entrepreneurs in the aquaculture business 
2) Rice-Fish trainings for Malians in China 
In order to strengthen the technical capacity of our Malian partners, a training course on rice fish culture 
was organized for two Malian fisheries officers at Shanghai Ocean University (SOU), China, from 16 to 
21 September 2008. Alhassane Touré, the regional fisheries director of Koulikoro region, and Tiéman 
Traoré, the fisheries service officer of Kati, Ministère de l’Elevage et de la Pêche, attended and 
successfully completed the training course. These two participants were then able to make valuable 
contributions to project activities and to the dissemination of rice-fish information in Mali following their 
training. After seeing success in the rice-fish demonstrations, at least 22 new Baguineda-area rice farmers 
chose to adapt their rice fields for fish production during the rice production season beginning in June 
2010. This is a 5x increase over the four farmers who volunteered to participate in the first set of rice-fish 
demonstrations. With guidance from DNP technical officers, some of these new farmers chose to try 
several designs for the layout of fish sumps and access channels in the fields. 

 

 
On-site feed management training, South Africa 2010.  
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VII. GENDER INITIATIVES AND 
ACCOMPLISHMENTS  

 
 
Gender equality and women’s empowerment are core development objectives of the USAID research 
agenda and are fundamental to accomplishing effective and sustainable development outcomes. Gender 
integration involves identifying and addressing inequalities due to gender. These inequalities must be 
addressed during the project design process and throughout the implementation, monitoring, and 
evaluation processes. The AquaFish IL dedicated resources and developed policies and practices for 
improving gender equality in the aquaculture and fisheries sectors and in the development arena. Gender 
integration was explicitly interwoven as a cross-cutting theme with the intent of creating equal 
opportunities for men and women to participate in and play leadership roles in all AquaFish IL research, 
training, and educational activities; as well as initiating research that was relevant to, and would benefit 
women and children. 
 
Gender integration was detailed in targets, benchmarks, and indicators in the AquaFish IL Monitoring and 
Evaluation Plan. The benchmarks provided a means to track program performance with respect to its 
gender integration strategy and targets, and regular evaluation informed the program of any need to adapt 
to meet targets. In addition, the AquaFish IL collected gender dissagreggated data to report on USAID-
approved indicators through the Bureau for Economic Growth, Agriculture and Trade (EGAT) Indicator 
Reporting System in Phase I and the Feed the Future Monitoring System (FTFMS) in Phase II. All Phase 
I and Phase II gender benchmarks and targets were met, and results are reported in the Monitoring & 
Evaluation (M&E) Report in Appendix D. The M&E Report includes EGAT and FTFMS summary tables.   
 
Program-Wide Gender Integration 
Gender equity was a major focus of AquaFish IL capacity building efforts, with a goal of involving equal 
numbers of men and women in training activities such as formal education, workshops, and conferences; 
as well as for attracting and retaining women scientists and administrators in all program activities. 
Gender disaggregated data were collected at OSU under the Director Egna’s USAID-CRSP grants, and 
were tapped for establishing baselines. The AquaFish IL continued to collect and analyze gender data to 
guage gender inclusiveness and to inform project management, policy, and capacity building needs. 
 
Improving gender equity at the institutional level and ensuring that women were included in leadership 
was central to the enduring benefits of AquaFish IL gender integration efforts. The AquaFish IL Director 
actively identified talented and capable women to serve as project researchers, advisory group members, 
administrators, managers, and leaders; and supported women in their pursuit of long-term training degrees 
and career advancement, including within the program itself. 
 
The AquaFish IL worked to create an enabling environment, and worked with US and Host Country 
researchers, extension agents, and others to overcome social and cultural barriers that posed challenges to 
the involvement of women in project activities. Field projects were involved in monitoring and evaluating 
gender integration as the program progressed with time, and in evaluating the effects of specific projects 
on gender to ensure that any possible negative effects due to gender bias were mitigated. Additionally, the 
AquaFish IL tailored extension and technical services related to sustainable aquaculture and aquatic 
resource management to women producers, and engaged extension specialists who were sensitive to 
diversity issues and resource access limitations of underrepresented groups.  
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Examples of overarching program activities to evaluate and improve gender integration: 
• In 2012, the AquaFish IL Director, Dr. Egna, and co-authors, captured thirty years of experiences and 

lessons learned towards improving gender equality in the aquaculture and fisheries sectors in their 
Asian Fisheries Science publication3. They found that despite many steps that were taken to create 
equal opportunities for women and men in research, training, and educational activties by the Pond 
Dynamics/Aquaculture (PD/A), Aquaculture, and AquaFish Collaborative Research Support 
Programs (AquaFish CRSP), gender-dissagreggated statistics displayed characteristics of a “leaky 
pipeline” as seen in other fields of science. During the original PD/A CRSP and the subsequent 
Aquaculture CRSP (1982-2008), 37% collectively, of degree students were women. In the AquaFish 
CRSP (2006-2012), 55 women (55%) of degrees had been awarded to women. Although reaching a 
50% target for women was a major accomplishment, the same proportion was not entering higher 
positions in science or research careers. These findings informed gender integration efforts for the 
AquaFish IL, and were published to inform the broader development community.  

• Since 2006, the AquaFish IL trained nearly 4,000 women in 16 countries, thereby transferring 
knowledge and specialized skills in aquaculture and fisheries through short-term training activities 
(Table VI-1 and Figure VI-1). Women represented 38% of AquaFish IL short-term trainees, and 
through concerted efforts, the proportion increased from women representing 34% of trainees during 
Phase I (2006-2013) to 47% of trainees in Phase II (2013-2018; Figure VI-2). The AquaFish IL also 
supported over 300 women in 19 countries towards completing academic and professional degrees 
(Figure VI-3).  Women represented nearly half (48%) of AquaFish IL long-term trainees from 2006 
through 2018 (Figure VI-4), a marked increase from the 37% of women degree students from the 
previous PD/A CRSP and Aquaculture CRSP awards.  

• With AquaFish IL support, the Asian Fisheries Society (AFS) proudly launched the AFS Gender in 
Aquaculture and Fisheries Section (GAFS) in 2017, marking the first formal gender-affiliated section 
within a professional aquaculture or fisheries society. This milestone showcases AFS and AquaFish 
IL’s long-standing commitment to gender integration in fisheries and aquaculture. 

• Learning how gender authorship has changed in the aquaculture discipline is a critical component for 
promoting gender equity in the academic discipline and broader field of aquaculture. To evaluate if 
gender inequalities exist in the scholarly literature, the AquaFish IL undertook a review of over eight 
million papers across disciplines to assess gender authorship in aquaculture publications4. Results 
showed that men predominate in the first and last author positions and women were underrepresented 
in single-authored papers. The study compared the gender authorship of the broad discipline of 
aquaculture in peer-reviewed journals in the complete JSTOR database archive to the gender 
authorship in the International Aquaculture Curated Database (IACD), a compilation of over 500 
peer-reviewed publications supported by four international aquaculture programs developed by OSU 
researchers. Preliminary findings revealed that the percentage of women authors was similar for the 
JSTOR aquaculture journals subsample (13.8 %) and the journals in the IACD (15.7 %). Women, 
therefore, were not well represented in either database. The next steps for this work include 
comparing and contrasting the proportion of women authors in aquaculture journals to women 
working in the aquaculture discipline and to women graduates in the discipline.  

 
Regional Research and Capacity Building 
The AquaFish IL took a holistic approach to integrating women into all programmatic activities, with a 
goal of extending gender equity beyond the life of any given project and of the AquaFish IL program 
                                                        
3 Egna, H., L. Reifke, and N. Gitonga. 2012. Improving gender equity in aquaculture education and training: 30 
years of experiences in the Pond Dynamics/Aquaculture, Aquaculture, and AquaFish Collaborative Research 
Support Programs. Asian Fisheries Science Special Issue (255): 119-128.  
4 Chow, M., H. S. Egna, and J. West. 2017. Towards Assessing Gender Authorship in Aquaculture 
Publications. Asian Fisheries Science Special Issue (30S):129 - 141.  
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itself. Gender integration was accomplished at the country- and regional-levels through capacity building 
efforts and through initiating research relevant to women and children. All research projects addressed 
gender integration within planned scopes of work through Gender Inclusiveness Strategies which 
identified regional barriers for women in aquaculture, strategies to overcome these barriers, and detailed a 
procedure for monitoring and evaluating gender integration over time. Additionally, for each two-year 
Implementation Plan, at least one investigation per project focused on research relevant to women and 
children or activities that increased participation by women in host countries.  
 
Examples of gender-focused research and capacity building by region:  
Africa 
• In Zanzibar, Tanzania, the AquaFish IL combined the development of aquaculture with integrated 

coastal and fisheries management to increase food security and family income with women being the 
primary participants. Women in coastal Zanzibar have always depended on the intertidal area for 
economic activities with shellfish providing one of the main income sources through direct sales and 
alternative products that include pearl farming, crafting shellfish jewelry, and other activities. This 
research and capacity building effort, led by two AquaFish IL women investigators, employed and 
trained women on spat collection and nursery methods for shellfish culture, one of the most 
sustainable and cost-effective methods to obtain stock for shellfish farms. Women were also trained 
on methods to improve value-added products, sales and marketing, and other post-harvest enterprises. 
Through involvement in pearl farming, one element of this project, women earned $160 to $220 per 
month in supplemental income (equivalent to the lowest salary earned by an employed person in 
Tanzania), and invested the extra income in building houses, paying school fees, and, in one case, 
bought a fishing boat. 

• In Ghana, the AquaFish IL developed the Fish Market Information System (FMIS), a web- and 
mobile-phone-based tool that provides tilapia market information online and via voice and text 
messaging. The FMIS database is populated with the prices at which fish are sold by the farms (farm-
gate pricing) and market data for tilapia from several locations throughout the country. Women 
exclusively handle the fish after landing by their male counter parts, and two trainings on the FMIS 
tool reached 38 women and gathered their feedback to make the tool more user-friendly. 

• Under the Mali Associate Award, catfish fry producer Rokia Coulibaly was selected to participate in 
pond culture training workshops in Bamako, Mali and Sagana, Kenya, in 2009. In these workshops 
she learned about pond construction and management and the propagation of Clarias (African catfish), 
including spawning, hatching, and the care of catfish fry in the hatcher. Upon her return to Mali, 
Coulibaly installed a catfish hatching system on her property, and successfully hatched her first batch 
of catfish larvae one month later. Within her first year, she produced 15,000 fingerlings, of which she 
sold 1,000.  

• In Kenya, catfish and tilapia value chain assessments identified constraints for women participation. 
Findings suggested that despite government assistance, high initial costs of fish farming in terms of 
land, training, and construction prohibit increased participation in fish production by women. The 
analysis also indicated that the lack of information sharing and dissemination created barriers to 
women’s participation in other stages of the value chains.  

• In collaboration with Ugandan institutions, local partner organizations, and industry, the AquaFish IL 
undertook a series of inter-related studies and activities aimed at enhancing the status and role of 
women in aquaculture, particularly those involved in organized groups and cooperatives. A survey 
and interviews were conducted in the Central and Northern regions of Uganda with fish farmers, 
leaders of fish farmers associations, and aquaculture extension workers, to evaluate women’s 
participation in various segments of the value chain and constraints to their involvement. Results 
informed the following capacity building activities (1) AquaFish IL-led trainings for women on 
marketing and nutrition of new and established culture species, and (2) leverage existing conferences, 
workshops, and the national fish farmer symposium to improve women’s access to information on 
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fish production, nutrition, and markets. This series of five capacity building activities trained a total 
of 277 participants, 61% of whom were women.  

 

Workshop with Zanzibar women trained in half-pearl farming, product development, and marketing, 
Tanzania 2015. 

 
Asia 
• AquaFish IL research in Nepal on periphyton enhancement in polyculture systems exemplifies 

successful program efforts of supporting higher education of women, involving women scientists in 
leadership roles, and conducting research aiming to improve health and nutrition of women and 
children. Since 2008, the AquaFish IL developed and promoted an innovative carp and small 
indigenous species (SIS) polyculture system to be grown by households, with a goal of improving the 
nutrition of poor women and children. This research resulted in doubled consumption rate of nutrient-
rich SIS by farm owners and also empowered them economically by providing income through the 
sale of surplus fish. Later stages of this research were led by Dr. Sunila Rai, an Associate Professor 
and Assistant Dean at the Nepal Agriculture and Forestry University (AFU) whose MS and PhD 
degrees were supported by the AquaFish IL. Dr. Rai worked with two women’s fish farmer 
cooperatives, totaling 37 women, to identify the best substrates for periphyton growth, test periphyton 
substrates in polyculture systems, and extend results through workshops. 

• The AquaFish IL worked with local communities in the Philippines and Indonesia to develop 
sustainable production of seaweeds. A series of workshops were conducted to train the women and 
men who work together to culture seaweed in ponds in Indonesia and in coastal environments in the 
Philippines. Another series of workshops focused on women and teaching them recipes and 
preparation methods for using seaweeds and seaweed products in their family food supply. They also 
learned how to extract agar, which could then be used as a thickener or to make candies and desserts. 
Finally, farmers were aided in the construction of drying platforms to elevate seaweed off the ground, 
vastly improving the quality of dried seaweed and reducing contamination with sand and shell. 

• A mud crab value chain assessment was undertaken in Southwest Bangladesh, and identified areas to 
improve livelihood opportunities of women crab culturists in this region. Of the 2,428 crab farms in 
the regions (Satkhira, Khulna and Bagerhat), 38% were owned and operated by women and many 
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other farms relied on women for stock collection of juveniles from shrimp ponds or other wetlands. 
This assessment found that women were more involved at the early stages such as collection of 
juvenile crabs and fattening, and involvement in latter stages like product packaging, handling, and 
processing was not substantial. These latter stages of the mud crab value chain could thus be potential 
areas for increased involvement of women. Moreover, this assessment showed that the establishment 
of crab hatcheries would improve the well-being of women through more sustainable and secured 
sources of crab seedstocks. 

• Research in Cambodia found aquatic animals to be the second largest staple food for women and 
children during the wet season. On average, fish and other aquatic animals contributed 49% of the 
protein consumed by women and 41% of the protein consumed by preschool-aged children. Towards 
this effort, nine staff from IFReDI and Can Tho University, including four women, were trained on 
dietary assessment by using a 24-hour food recall assessment. Results from this work allow for 
seasonal nutrition comparisons to inform recommendations on improving food security and 
household nutrition, particularly for women and children. 

• The AquaFish IL analyzed the snakehead value chain in the Lower Mekong Basin of Vietnam, with a 
focus on obstacles for women. This research found that women comprised only 22% of snakehead 
farmers and 27% of snakehead traders, but dominated processing and retail, with women representing 
91% of processors and 93% of retailers. Many processors were found to use traditional fermentation 
processes that were time intensive, economically inefficient, and frequently resulted in a product with 
short-term storage life that became unsafe for consumers. To improve product safety and profits for 
women in the snakehead value chain, the AquaFish IL conducted a consumer-preference survey that 
informed product development and processing techniques. In total, 60 women were trained on 
improved processing of dried and fermented snakehead and a booklet describing the processing was 
released. 

 

 
Snakehead processing, Vietnam 2016. 

 
• The AquaFish IL undertook research on the vulnerabilities of women in fishing and aquaculture 

communities in the Philippines during disasters. In the Philippines, the status of women has improved 
over the last few decades; however, gender issues during disasters still emerge. In 2009, the Asia-
Pacific Economic Cooperation (APEC) published a study that indicated a high level of awareness of 
the importance of gender integration for disaster risk reduction (DRR) in the Philippines, yet gaps 
remain during disaster plan implementation. The AquaFish IL research buildt on that study by 
assessing gender integration in disaster management in fishing and aquaculture communities since 
recent DRR legislation (2010) and two major typhoons (2013 and 2014). Results revealed that 
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important steps were being taken to integrate gender at the disaster risk reduction and management 
(DRRM) programmatic level, yet gaps remained at the community level. Addressing these 
shortcomings and underlying perceptions of gender in disaster management could foster more 
resilient fishing and aquaculture communities in the Philippines and nations worldwide. 

 
LAC 
• In Guyana, the AquaFish IL worked with women’s cooperatives, village associations, individual 

farmers, and the surrounding community to develop and demonstrate an integrated aquaculture-
agriculture system that would be stocked with native fish species. The AquaFish IL conducted six 
workshops in the community to spark growth of the aquaculture sector in Guyana with tilapia, hassar, 
and shrimp along the coast and with pacu and arapaima in the interior.  

• Women were the primary stakeholders for many Phase I investigations in Mexico. Because of this a 
regional workshop including participants from Nicaragua, Honduras, Mexico, and El Salvador, was 
held in Mexico as a platform to exchange experiences and knowledge in the fields of aquaculture, 
fisheries management and coastal management. These workshops were designed to highlight the 
achievements of women’s groups.  

• In Nicaragua, AquaFish IL led training activities that involved families in community-based co-
management programs of black cockles (Andara spp.) and Nicaraguan cockles, typically collected by 
women. Through this effort, 388 people, 71% of whom were women, learned when and how to 
collect cockles that were safe to eat and sell. By improving sanitation, women increased their profits 
at markets.  

 

 
Woman harvesting black cockles, Nicaragua 2008.  
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VIII. TECHNOLOGY TRANSFER  
 
 
 
 
The AquaFish IL continuously built on lessons learned from previous successes and missteps to make 
significant global and regional technological advances. Collaborative research remained focused on 
improving sustainable aquaculture production through the development and transfer of innovative 
technologies and management practices that address human health and nutrition, food security, 
environmental impacts, and market development.  
 
An underlying theme of the AquaFish IL was the development of responsible aquaculture technologies 
and systems through a forward-thinking approach for the implementation of sustainable practices. 
AquaFish IL focused on research that creates a multiplier effect for farm-level income and works with 
partners to scale up technologies for broader impacts. Supporting and partnering with HC research 
institutions allowed AquaFish IL researchers to customize technologies to local conditions and on-the-
ground needs as part of this effort to create sustained impacts and effective technology transfer. These 
linkages play a critical role in the scaling process by increasing local buy-in, forging connections with 
other projects, and growing enabling environemtna. Additionally, AquaFish IL training efforts focused on 
diverse stakeholders as a way to develop and build human capacity. The AquaFish IL focused small- and 
medium-scale producers, prioritizing the development and transfer of low-cost technologies and best 
management practices. Efforts to increase access to inputs were coupled with trainings on innovative 
strategies for business management and trainings to help ensure food safety and environmental 
sustainability. The AquaFish IL aimed to give women equal access to affordable inputs and improved 
technologies through training opportunities and by emphasizing equitable participation in aquaculture 
development in Program goals.  
 
The tables below list the AquaFish IL-supported scalable technologies in various stages of development 
under Phase I and Phase II. The development, evaluation, and transfer of these technologies have 
contributed and will continue to contribute to the growth and sustainability of aquaculture industries and 
markets in the Host Countries with impacts and continued development that extend beyond the life or 
geographic scope of the program.  
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TECHNOLOGY TRANSFER AND SCALING PARTNERSHIPS – PHASE I  

Latin America Project: Mexico & Nicaragua   
Project Partners and Collaborators: 
• University of Hawaii at Hilo (lead US institution) 
• Centro de Investigación de Ecosistemas 

Acuáticos-Universidad 
• Centroamericana Center for Research of Aquatic 

Ecosystems-Central American University: 
CIDEA-UCA) 

• Coastal Resources Center/University of Rhode 
Island (CRC/URI) 

• Comite Estatal de Sanidad Acuicola de Sinaloa 
(State Committee for Aquaculture Sanitation of 
Sinaloa (CESASIN) 

• Ecocostas, Ecuador 
• Federation of Shrimp Cooperatives 
• Louisiana State University 
• Mazatlán Universidad Autónoma de Sinaloa, 

Culiacán Campus 
• Mexico Fisheries Industry Technology Center 
• Nicaraguan Ministry of the Environment 

(MARENA), Nicaragua 

• Ohio State University 
• Pacific Aquaculture & Coastal Resources 

Center/University of Hawaii at Hilo 
(PACRC/UHH) 

• Pacific Shellfish Growers Association, Olympia, 
Washington 

• Research Center for Food & Development (CIAD) 
• Sinaloa Institute for Aquaculture (ISA), Sinaloa, 

Mexico 
• SUCCESS project (USAID funded) 
• U.S. Food & Drug Administration (FDA), 

Washington, DC 
• Universidad Autónoma de Sinaloa, Mazatlán 

Campus 
• University of Alaska 
• Women’s Oyster Culture Cooperatives of Nayarit, 

Mexico 
• Women’s Oyster Culture Cooperatives of Puerto 

Penasco, Mexico 
 

Technology Investigation 
Code(s) 

Country Description 

Native Cockle Depuration 
technology in Mexico 

07HHI05UH, 
09HHI01UH 

Mexico Depuration technology trials for 2 native 
cockles (Anadara sp.) and development of 
markets for depurated cockles to help meet 
growing demand. 

Shellfish production and 
sanitation in Mexico 

07BMA04UH Mexico Transfer of best management practices for 
improved shellfish production and 
sanitation for oyster farmers and vendors. 

Larviculture of native oyster  09IND01UH Mexico The development of a successful 
microalgae production facility and 
successful broodstock conditioning system 
for the native mangrove oyster, 
Crassostrea corteziensis. 

Indigenous species 
development of chame 
(Dormitator latrifons) for 
aquaculture 

09IND03UH Mexico Development of protocols for the 
production of juvenile chame for 
aquaculture. Spawning was achieved using 
several delivery techniques for LHRHa 
and larval rearing technologies were 
developed. 

Larval feed development for 
chame (Dormitator latrifons) 

09IND10UH Mexico Identification of a suitable live prey for 
chame by isolation, identification and 
culture from natural environments to be 
used either as only food source or in 
combination with dry feeds. Evaluated 
pond rearing conditions. 
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Technology Investigation 
Code(s) 

Country Description 

Native oyster spat collection 07IND04UH Mexico Technology development for women 
oyster growers in spat collection and 
native oyster grow out in Santa Maria Bay.  

Community-based co-
management of shellfish 

09HHI01UH Nicaragua Establishment and monitoring of a 
community-based co-management scheme 
for shellfish harvesters in Nicaragua. Four 
no-take zones (25.56 ha total) were 
chosen, managed and monitored with 
direct participation by cockle collectors to 
evaluate increased cockle densities for 
harvest.  

 

Oyster spat collection, Mexico 2008. 
 

Africa Project: Ghana, Kenya, & Tanzania 
Project Partners and Collaborators: 
• Purdue University (lead US institution) 
• Fisheries Department, Ministry of Food & 

Agriculture, Ghana 
• Fisheries Research Institute, Tanzania United 

Nations Food & Agriculture Organization (FAO) 
• Kenya Business Development Services (KBDS) 
• Kingorwila National Fish Center, Tanzania 
• Kwame Nkrumah University of Science & 

Technology (KNUST) 
• Lake Victoria Environmental Management 

Project 
• Mbegani Fisheries Development Centre 

• Ministry of Natural Resources & Tourism, 
Aquaculture Development Division 

• Moi University 
• National Investment Center (NIC) 
• Nyegezi Fisheries Institute Tanzania 
• Sokoine University of Agriculture (SUA) 
• University of Arkansas at Pine Bluff (UAPB) 
• University of Dar-es-Salaam, Tanzania 
• Virginia Polytechnic Institute & State University 

(VT) 
• Water & Sewerage Company, Ghana 
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Technology Investigation 

Code(s) 
Country Description 

Ghana water quality 
management practices 

07WIZ01PU Ghana Development and optimization of 
management practices to minimize waste 
and contamination of receiving waters 
from pond effluent and non-native species 
through effluent management, 
feed/nutrients management, and 
escapement prevention. 

New native species for 
aquaculture in Ghana 

09IND06PU Ghana Investigation of aquaculture potential for 3 
native African species in Ghana: Heterotis 
niloticus, Chrysichthys maurus, and 
Parachanna obsucuraand farmer training 
in new species culture. 1) tested optimal 
protein levels in feed for Heterotis 
niloticus, 2) tested optimal protein levels 
in feed for Chrysichthys maurus, and 3) 
evaluated life history and growth 
performance of Parachanna obsucura 

Tilapia Propagation & 
Hatchery Management  

09QSD05PU Ghana Transfer of fish propagation, hatchery 
management, and fingerling production 
technologies to ensure a sustainable 
supply of tilapia (Oreochromis niloticus) 
and catfish (Clarias gariepinus) 
fingerlings for the growing aquaculture 
industry in Ghana and promote private 
small- and medium-scale commercial fish 
hatcheries.  

Tilapia-Catfish Predation 
Polyculture 

07MER03PU, 
09MER02PU 

Kenya Evaluation and extension of 
recommendations for mixed-sex tilapia-
catfish predation polyculture to improve 
profitability. Training for small-farmers in 
production and management practices 
including 1) pond preparation and 
construction, 2) fish management 
practices, 3) hand-sexing, 4) polyculture 
of tilapia and catfish. 

Catfish-Baitfish Farming 07QSD02PU Kenya Transfer of post-production technologies 
in marketing for catfish fingerlings as bait 
for Lake Victoria commercial fisheries 
through 1) development of marketing 
plans for baitfish farm clusters and 2) 
training in finance management. 
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Technology Investigation 
Code(s) 

Country Description 

Integrated pond-cage 
technology for small-scale 
tilapia farmers to reduce feed 
cost and manage pond waste 
in Kenya 

09SFT02PU Kenya Evaluation of integrated cage-cum-pond 
culture in Kenya. Integrated cage-cum- 
ponds culture is a system in which fish are 
fed with artificial diets in cages suspended 
in ponds, while same species or other 
lower value fish are stocked in open pond 
water to utilize natural foods derived from 
cage wastes. Here researchers evaluated 
the effects of three different stocking 
densities of tilapia in cages on growth and 
yield and compared alternate feeding 
regimens on growth and yield 
performance.  

Locally available feed for 
tilapia from leaf meal 

07SFT06PU, 
09SFT05PU 

Tanzania The development of alternative feed 
technology using local plant species as 
low-cost alternatives to soybean meal in 
fish feed. Moringa oleifera and Leucaena 
leucocephala leaf meals were found 
effective when supplemented with 
soybean as protein source.  

 

Africa Project: Uganda & South Africa   
Project Partners and Collaborators: 
• Auburn University (Lead US institution) 
• Alabama A&M University 
• Gulu University 
• Makerere University (Lead Host Country 

institution) 

• National Fisheries Resources Research Institute 
(NaFRRI) 

• Stellenbosch University 
• University of Georgia 
 
 

Technology Investigation 
Code(s) 

Country Description 

Effects of rural watershed 
management for multiple 
uses--cage culture and non-
aquacultural applications 

09WIZ01AU South 
Africa 

Developed methodology for trout farming 
in irrigation reservoirs in South Africa and 
developed floating garden technique for 
producing vegetables in floating 
Styrofoam containers placed near trout 
cages. 

GIS-based site suitability 
mapping tools and 
methodology 

09WIZ02AU Uganda Two suitability maps of Uganda for pond 
based fish farming, based on crisp and 
fuzzy classification. The maps were 
developed using a multi criteria evaluation 
of seven criteria that included water 
requirement, water temperature, soil 
texture, slope gradient, potential for farm 
gate sales, access to local and regional 
markets, and availability of farm inputs. 
The site suitability maps designated major 
wetlands as protected sites that should not 
be considered for pond based fish farming.  
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Water quality sampling in KwaZulu-Natal, South Africa 2010. 

 

Asia Project: Indonesia & Philippines 
Project Partners and Collaborators: 
• North Carolina State University (Lead US 

institution) 
• Central Luzon State University (Lead Host 

Country institution) 
• Department of Agriculture, Philippines 
• Florida International University 
• Genetically Improved Farmed Tilapia (GIFT) 

Foundation International, Inc., Munoz, 
Philippines 

• Indonesian Department of Fisheries, Indonesia 
Ladong Fisheries College, Indonesia 

• Southeast Asian Fisheries Development Center 
(SEAFDEC) AQD, Iloilo 

• U.S. Department of Commerce, Milford 
Connecticut 

• Ujung Batee Aquaculture Center, Banda Aceh 
Aquaculture without Frontiers (AwF), USA 

• University of Arizona 
• WorldAquaculture Society (WAS), Baton Rouge, 

Louisiana 
 
 

 
Technology Investigation 

Code(s) 
Country Description 

Seaweed drying and post-
harvest value added processing 

09FSV02NC Indonesia Improved seaweed drying method using 
racks for better value-added seaweed 
processing technologies for agar to make 
candy/desserts and for industrial grade 
agar and carrageenan. 
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Technology Investigation 
Code(s) 

Country Description 

Tilapia Least-Cost Feed 
Formulation Technology and 
Feed Reduction Strategies: 
Feed reduction strategy in the 
Philippines 

07SFT02NC 
09SFT04NC 

Philippines Formulation Strategies: reduce fishmeal 
component by replacing with agricultural 
by-product protein sources; assessing the 
effect of protein level on grow-out 
performance' and optimizing 
manufacturing specifics for pellet 
durability and water stability. 

Feeding Strategies for Tilapia 
in the Philippines 

07SFT02NC, 
09SFT04NC 

Philippines Reduced feeding strategies to reduce costs 
for producing Nile Tilapia in ponds and 
fishmeal replacement with food by-
products in the Philippines 

Improved Ecological Footprint 
Technologies for Milkfish 

07SFT03NC, 
09MNE02NC 

Philippines Reduced feeding strategies to lower costs 
for producing milkfish in tanks and 
exploration and exploration of IGF-I 
assay to test milkfish growth. 

Integrated, multitrophic 
aquaculture of milkfish-
seaweed-sea cucumber in 
cages and pens 

09MNE02NC Philippines Development of an integrated, 
multitrophic aquaculture system for 
milkfish, seaweed, and sea cucumbers. 
Six brackishwater ponds were stocked 
with milkfish, seaweed Gracilaria 
bailinae was used as biofilter and addition 
of sea cucumber proved sea cucumber 
was a value-added product in 
brackishwater pond production of 
milkfish.  

Milkfish Product Processing 09MNE02NC Philippines Development of value-added processing 
techniques for milkfish (deboning and 
marination) and training for women.  

Tilapia Broodstock & Seed 
Production Technologies 

09QSD01NC Philippines Evaluation of the social and physiological 
responses to stress as potential indicators 
for broodstock selection; broodstock 
social condition effects on seed 
production and on fingerling growout 
performance; stocking density effects on 
growth and stress responses; and tested 
IGF-I and cortisol tests as a growth 
indicator. 

Tilapia Seedstock in the 
Philippines 

07QSD01NC Philippines Qualitative assessment of different 
hatching systems for Nile tilapia fry 
production and fingerling growout. 

Internet-based pod-casting as 
an aquaculture extension tool. 

07TAP02NC, 
09TAP02NC 

Philippines Development of novel Tilapia Podcast as 
internet-based extension podcast for 
tilapia farmers. A series of podcast, 
including a groundbreaking 18-minute 
evaluation of two tilapia culture reference 
books were launched at a well attended 
workshop in the Philippines. 

 

Asia Project: China, Nepal, Bangladesh, & Vietnam   
Project Partners and Collaborators: 
• University of Michigan (Lead US institution) 
• Bangladesh Agricultural University 

• Department of Fisheries, Thailand 
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• Dong Nai Fisheries Company, Ho Chi Minh City, 
Vietnam 

• Haoshideng Shrimp Farm, China 
• Huazhong Agricultural University 
• Huiting Reservoir Fisheries Management 

Company, Jingmen City, China 
• Institute of Agriculture & Animal Science 
• Network of Aquaculture Centres in Asia-Pacific 
• Nong Lam University 

• Rural Integrated Development Society-Nepal 
(RIDS-Nepal), Nepal 

• Shanghai Ocean University (Lead Host Country 
institution) 

• Sichuan Aquacultural Engineering Research 
Center, Chengdu, China 

• World Wildlife Fund in Asia 
• Wuhan University, China 
• Zhanghe Reservoir Fisheries Management 

Company, Jingmen City, China 
 

Technology Investigation 
Code(s) 

Country Description 

Small-scale prawn-mola 
polyculture 

09QSD03UM Bangladesh Evaluation of prawn polyculture by 
testing a variety of polyculture systems 
for growth and yield. Results showed that 
carps can be added with prawn and mola 
to enhance total production, which could 
play a significant role in providing family 
nutrition as well as generating additional 
income. 

Microcystin Control 07HHI01UM China Development of two new effective 
treatments for mycocystins in tilapia and 
channel catfish culture systems: (1) 
chitosan-modified clay and (2) Polymeric 
aluminum chloride (PAC)-modified clay.  

Pond Based Recirculating 
Aquaculture System (RAS)  

09BMA05UM China Development of a pond-based 
Recirculating Aquaculture System (RAS) 
system for shrimp with solid waste 
removal and water quality controls. 

Deep water cage production 
model with polyculture fish 
system: under performance 
evaluation 

09WIZ03UM China Comparison of water quality parameters 
during the grow-out phase of traditional 
and improved cages to estimate 
sedimentation rates from both cage 
systems; evaluation of fish production in 
each cage type; and development of a 
mass balance model to provide a first 
estimate of the carrying capacity for these 
cages in a reservoir system.  

Sustainable Feed & Stocking 
Density for Gar 

09SFT07UM Mexico Assessment of multiple treatments of 
fish-meal substitution (using animal by-
products in place of fish meal at 0, 25, 50, 
75, 100% substitution) in feed for two 
species of Atractosteus gars, the Cuban 
gar (A. tristoechus) and tropical gar (A. 
tropicus).  

 

Latin America Project: Guyana & Mexico 
Project Partners and Collaborators: 
• University of Arizona (lead US institution) 
• American Soybean Association, USA 

• Anna Regina Fish Culture Station, Guyana 
• Aquaculture without Frontiers, USA 
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• BIOTECMAR, Caracas, Venezuela 
• China Aquatic Products Processing & Marketing 

Association 
• Cooperativa Pesquera San Ramón, Mexico 
• Cornell University 
• Delaware State University 
• Global Aquaculture Alliance, USA 
• Goldman Sachs, USA 
• Guyana Department of Fisheries 
• Instituto Nacional de Investigaciones Forestales y 

Agropecuarias (INIFAP), Mexico 
• Instituto Sinaloense de Acuacultura, Mazatlán, 

Mexico 
• Intervet-Schering Plough Animal Health, The 

Netherlands 
• Maharaja Oil Mill, Guyana 
• Mariano Matamoros Hatchery, Teapa, Tabasco, 

Mexico 
• Ministry of Agriculture & Land Reclamation, 

Egypt 
• Mon Repos Aquaculture Center, Department of 

Fisheries, Guyana 
• National Aquaculture Association of Guyana 

(NAAG), Guyana 
• Partners of the Americas, USA 
• Peanut CRSP, USA 
• San Carlos University, Guatemala 

• Secretariat of Agricultural Development for the 
State of Tabasco (SEDAFOP), Mexico 

• Shanghai Ocean University, China 
• Sinaloa State Fisheries Department, Mexico 
• Texas A&M University 
• Texas Parks & Wildlife Department, Texas 
• Texas Tech University, Lubbock 
• Tilapia International Foundation, The 

Netherlands 
• Trafalgar Union Women’s Cooperative, Guyana 
• UK Department for International Development 

(DFID), England 
• United Animal Feed Producers United 

Cooperative of Fishermen University of Costa 
Rica, Costa Rica 

• Universidad Autónoma de Tamaulipas, Ciudad 
Victoria & Reynosa 

• Universidad Juárez Autónoma de Tabasco 
• University of Texas US-Mexico Aquaculture 

TIES Program 
• USAID Farmer-to-Farmer Program, Guyana 
• USAID GTIS Programme, Guyana 
• Von Better Aquaculture, Guyana 
• World Aquaculture Society, USA 
• WorldFish Center (ICLARM), Penang, Malaysia 
• Zamorano University, Honduras 

 
Technology Investigation 

Code(s) 
Country Description 

Feed formulation and 
manufacture of local 
ingredient substitutes in the 
Guyana aquaculture industry 

07SFT05UA, 
09SFT03UA 

Guyana Alternative feed formulation technology 
for copra meal, shrimp meal, and brewers 
wastes and on-farm diet formulations and 
manufacture methods with hammer mill 
and compression pelleting equipment. 

Local Feed for Tilapia & Pacu 07SFT04UA Guyana Evaluation of local ingredients as 
fishmeal feed replacement for Tilapia and 
Pacu: Copra meal and shrimp meal are 
traditionally used in some production 
diets at several farms. Three ingredients 
were under research and development in 
this work: poultry by-products, brewers 
waste, and palm nut oil cake. 

Snook hatchery technology 
and methodology 

07IND01UA, 
09IND05UA 

Mexico Establishment of Fat snook and common 
snook broodstock lineages from wild and 
hatchery raised juveniles; snook 
spawning in captivity; identification of 
native plankton as feed during early 
snook development; and exploration of 
gene expression of enzymatic activity in 
different snook life stages  
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Technology Investigation 
Code(s) 

Country Description 

MT Elimination Technology 
Transfer 

07MNE06UA, 
09MNE07UA 

Mexico Development of clean tilapia 
masculinization technologies: (1) Methyl 
Testosterone (MT) degradation by TiO2; 
(2) bacterial degradation; and (3) MT 
measurement using ELISA. 

Aquaponics with Tilapia 
Effluent 

07HHI02UA Mexico Development of aquaponics system in 
Mexico for leafy greens irrigated with 
tilapia effluent developed and tests 
conducted to evaluate levels of bacteria 
on lettuce.  

Aquaponics technology and 
Tilapia strain selection 
technologies 

09QSD02UA Mexico Evaluation of integrated aquaculture and 
agriculture to develop a viable aquaponics 
technology for control of pond wastes; 
tilapia strain evaluation protocol for the 
aquaponics system; and development of 
an enterprise model for cost-benefits. 

Native Cichlid Culture 07IND02UA Mexico Development of genetic improvement and 
alternative feeding technologies for native 
cichlids. Families of Cichlosoma 
urophthalmus were selected from three 
different locations and placed in hapas for 
grow-out. Petenia splendida adults were 
stocked in breeding tanks for family 
selection and substitution of fishmeal for 
poultry meal. 

 
 
Asia Project: Cambodia & Vietnam 
Project Partners and Collaborators: 
• University of Connecticut-Avery Point (lead US 

institution) 
• Australian Centre for International Agricultural 

Research (ACIAR), Nelson Bay, Australia 
• Can Tho University 
• Department of Fisheries, Mekong River 

Commission (MRC)-Aquaculture/Fisheries 
Projects, Cambodia 

• FAO in Asia-Pacific, Bangkok 
• Fisheries Administration in Cambodia (FiA), 

Cambodia 
• Inland Aquaculture Extension & Productivity 

Improvement Project (JICA-FAIEX), Cambodia 
• Inland Fisheries Research & Development 

Institute (IFREDI), Phnom Penh 

• International Development Research Centre 
(IDRC), Ottawa, Canada 

• National Oceanic and Atmospheric 
Administration (NOAA), International Sea Grant 

• Network of Aquaculture Centers in Asia (NACA), 
Bangkok, Thailand 

• Oxfam America, USA 
• Prek Leap National School of Agriculture, 

Cambodia 
• Royal University of Agriculture, Cambodia 
• Southeast Asian Fisheries Development Center-

Aquaculture (SEAFDEC-AQD), Philippines 
• University of Rhode Island 
• USAID–Micro, Small & Medium Enterprises 

(MSME)-Aquaculture–DAI WorldFish Center, 
Malaysi 

Technology Investigation 
Code(s) 

Country Description 
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Snakehead Feed Technology 07SFT01UC, 
09SFT01UC 

Cambodia 
& Vietnam 

Alternative feed technologies for 2 
species of snakehead under research & 
development. Involved the evaluation of 
the chemical composition of the 
traditional feed, marine small-size fish in 
order to determine its value as a feed 
ingredient; weaning of hatchery-raised 
snakehead; development of pelleted feed 
for hatchery-raised C. striata; and 
hatchery-raised C. micropeltes; 
evaluating rice bran substitution as 
protein source for fishmeal in mixed fish-
soybean-cassava meal 

Snakehead feed adoption pilot 
with on-farm trials in Vietnam 
and Cambodia 

09TAP03UC Cambodia 
& Vietnam 

Snakehead feed adoption pilot with on-
farm trials in Vietnam and Cambodia: 
Farmer adoption in three Vietnam 
provinces. Technology transfer via 
outreach for the pelleted feed developed 
in 09SFT01UC. 

Fish paste product 
development 

09FSV01UC Cambodia The development of prahoc (fish paste) 
processing standards to improve food 
safety and product quality. 
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TECHNOLOGY TRANSFER AND SCALING PARTNERSHIPS – PHASE II  

Africa Project: Ghana & Tanzania  
Project Partners and Collaborators:
• Purdue University (Lead HC University) 
• FarmerLine 
• Kwame Nkrumah University of Science and 

Technology (Lead HC Institution) 
• Ministry of Fisheries and Aquaculture 

Development 
• Pilot Aquaculture Center 
• Sokoine University of Agriculture 

• University of Arkansas at Pine Bluff 
• University of Dar es Salaam 
• University of Hawaii Hilo 
• Virginia Polytechnic Institute and State 

University 
• Western Indian Ocean Marine Sciences 

Association (WIOMSA

 
Technology Investigation 

Code(s) 
Country Description 

Cell phone marketing tool in 
Ghana 

13MER01PU, 
16MER01PU 

Ghana The development of a cellphone based 
Fish Market Information System (FMIS) 
with a focus on tilapia and catfish. For 
small-scale fish producers and artisanal 
fishermen in Ghana, readily available 
market information on prices and demand 
for fish at different fish markets helps 
inform production and harvesting 
decisions.  

Enhancing the nutritional 
value of tilapia through 
innovative feed formulation 

13SFT02PU Ghana Evaluation of practical diet development 
for Nile tilapia in Ghana that will result in 
production of a fish with a healthier lipid 
profile (enriched in omega-3/n-3 fatty 
acids) compared to conventionally grown 
fish. Production of healthier tilapia is part 
of a larger strategy to improve the 
nutritional status of people in developing 
countries. The study will also emphasize 
the importance of using environmentally 
sustainable and cost-effective ingredients 
to accomplish the nutrient enhancement 
of tilapia. 

Optimizing the use of 
commercial feeds in semi-
intensive tilapia production in 
Ghana 

16BMA02PU Ghana The development of a lower protein 
(25%) version of a commercial feed that 
is already on the market. This was 
developed in collaboration with a feed 
manufacturer in Ghana and was tested for 
tilapia production. 

Experimental diets to help 
improve feed efficiencies in 
tilapia production in Ghana 

16BMA02PU Ghana The development of three experimental 
diets primarily made from agro-industrial 
by-products that were fermented to 
improve the nutritional quality of the 
ingredients. Two of the diets will be 
further optimized for fingerling 
production. The key impact is a reduction 
in the production cost by lowering feed 
cost; this will ultimately increase the 
profitability of semi-intensive pond 
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Technology Investigation 
Code(s) 

Country Description 

tilapia farms. 
Invertebrates as a protein 
source in fish feeds 

13SFT01PU, 
16SFT03PU 

Tanzania Evaluation of the composition of housefly 
maggots and earthworms from different 
substrates to determine their suitability as 
protein sources in Nile tilapia diets in 
Tanzania showed promise. Results 
showed that chicken manure was the best 
substrate for production of housefly 
maggots in terms of yield and protein 
content, while cow manure was the best 
substrate for producing earthworm. 

Spat collection and nursery 
methods for shellfish culture 
and training in Zanzibar 

13QSD01PU Tanzania The extension spat collection and nursery 
technologies for coastal shellfish farmers 
in Zanzibar. This has helped to build the 
economy of women along the villages of 
Bweleo and Nyamanzi. Spat collection is 
one of the most sustainable and cost-
effective methods to obtain stock for 
shellfish farms, hence methods were 
tested to determine the best materials and 
timing for spat collectors.  

 

Africa Project: Kenya & Uganda  
Project Partners and Collaborators:
• Auburn University (Lead US University) 
• AgroMarketDay 
• Alabama A&M University 
• County Government of Kirinyaga, 
• Egerton University 
• Fisheries Training Institute 
• Gulu University 
• Karatina University 
• Kenya Ministry of Agriculture, Livestock, and 

Fisheries 

• Kenyan Marine and Fisheries Research 
institute 

• Kenyatta University 
• Makerere University (Lead HC Institution) 
• Mwea Aquafish Farm 
• National Fisheries Resources Research 

Institute (NaFIRRI) 
• University of Arizona 
• University of Eldoret

 
Walimi Fish Cooperative 
SocietTechnology 

Investigation 
Code(s) 

Country Description 

Low-cost Aquaponics unit in 
Kenya 

13BMA05AU Kenya Integration of fish culture more directly 
with vegetable production as an option to 
increase fish productivity and at the same 
time provide an additional revenue 
stream. The small-scale prototype 
aquaponics system developed in this 
study can be used to raise both fish and 
crops within the tropical climate and 
especially in water deficient East Africa. 

Medium-scale aquaponics 
system in Kenya 

13BMA05AU Kenya The medium-scale aquaponics system can 
be used to raise both fish and crops within 
the tropical climate and especially in 
water deficient East Africa. 
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Practical fish feeds for 
Western Kenya 

13SFT07AU, 
13SFT06AU 

Kenya Developed formulated diets using locally 
available ingredients that provide 
balanced essential amino acids (EAAs) to 
enhance both the physical quality and the 
nutritive value of the fish feed. Results 
showed diets supplemented with the 
amino acid, lysine, resulted in faster 
tilapia growth rates. All experimental 
feeds containing EAAs supported faster 
tilapia growth than the readily-available 
but expensive commercial feeds. Farmers 
can incorporate these new feeds with 
minimal investment. 

Best management practices for 
pond based aquaculture in 
Kenya 

13SFT06AU Kenya The development of low cost quality feed, 
pond design and construction, and 
fertilizer applications has allowed 
researchers to give guidance on: low cost 
feeds; fertilizer applications and their 
impact on the environment. 

Cell Phone Application for 
Small & Medium Scale Fish 
Farmers 

13BMA04AU, 
16FSV02AU 

Uganda Marketing and information tool 
developed through a program of technical 
collaboration among researchers, 
government technical staff, and cellular 
providers to advance aquacultural 
development. Through the availability of 
a text-based system, farmers have access 
to fish market and fingerling supply 
information. This results in better prices, 
less risk, better information, and 
facilitates access to key inputs. 

Low-Cost captive breeding 
and hatching of African 
Lungfish 

13IND03AU, 
16IND03AU 

Uganda Investigation of lungfish reproductive 
cycle to facilitate farm-based spawning. 
The full development of this technology 
is contributing to the domestication of the 
African lungfish and is helping to ensure 
the environmentally sustainable supply of 
lungfish seed for a  new culture industry. 

Market Strategy for Small-
Scale Fishers and Fish Farmers 

13MER05AU Uganda Generating information to support the 
development of marketing strategies for 
fishers and aquaculturists producing 
products for the reseller markets in 
Uganda. Results can be used by relevant 
authorities to harmonize marketing 
strategies and to develop guidelines 
through which price distortions can be 
removed to promote free market 
practices.  
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Students at NaFIRRI learn about lungfish anatomy with the help of AquaFish IL NCSU partners, Uganda 

2017. 
 
 
Asia Project: Bangladesh 
Project Partners and Collaborators:
• North Carolina State University (Lead US University) 
• Bangladesh Agricultural University (Lead HC Institution) 
• Khulna University 
• Shushilan NGO 
• Patuakhali Science and Technology University

 
Technology Investigation 

Code(s) 
Country Description 

Mola and gher-rice culture of 
prawns 

13BMA03NC Bangladesh Improved access to income and highly 
nutritious mola fish may help address 
widespread nutritional deficiencies. This 
was addressed by improving existing 
practices to increase production yields 
using polyculture and integrated 
aquaculture techniques by incorporating 
mola and vegetables into gher (rice 
field)/prawn culture. 

Using dyke soils for growing 
spinach and snake gourd  

13HHI03NC Bangladesh The utilization of nutrient-rich pond mud 
produces greater yields of vine spinach 
and snake gourd than dyke soils. Farmers 
often excavate mud for preparation of 
ponds prior to the start of a production 
cycle. These mud soils have greater 
nutrient content than adjacent land soil 
and can be used for enhancing production 
of nutrient-rich vegetables for household 
consumption and to improve family 
nutrition. 
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Technology Investigation 
Code(s) 

Country Description 

Fertilizers for improved 
polyculture of prawn-Mola-
carp in gher (rice)-pond 
systems 

16HHI01NC Bangladesh An evaluation of the combination of 
organic (molasses and yeast) and 
inorganic (urea and phosphate) fertilizers 
enhances Prawn, mola, and carp in gher-
pond polyculture. Farmers can increase 
production of Mola, prawn, and carps for 
home consumption or for domestic or 
export markets by utilizing a combination 
of organic and inorganic fertilizers. This 
could enhance income and nutrition of 
farmer household members and 
livelihoods. 

Improved management of 
vegetable cropping on 
aquaculture pond dykes 

16HHI01NC Bangladesh Farmers can readily utilize muds from 
their aquaculture ponds to grow tomatoes, 
with mud, mulch and inorganic fertilizers 
enhancing plant growth and fruit yield. 
This could allow for greater vegetable 
production to increase household 
nutrition. 

Koi (climbing perch) culture in 
brackish waters 

16IND02NC Bangladesh Exploration of the successful culture of 
freshwater Koi (climbing perch) in 
seawater-encroached hyposaline waters of 
coastal Southern region of Bangladesh. 
Koi is a high value fish that can be grown 
in coastal regions where water bodies and 
ponds are faced with increased 
salinization from sea level rise and have 
been underutilized or abandoned.  

Tilapia, Koi, Pangasius 
polyculture in bracksih water 

16IND02NC Bangladesh Evaluation of the polyculture of higher 
value Koi and/or tilapia with Pangasius 
catfish for making more productive use of 
waters facing increases in salinity from 
sea level rise. Results show that more 
value may be obtained with the 
Pangasius polycultured with tilapia or 
Koi than in monoculture. Systems for Koi 
and tilapia grown with Pangasius in 
hyposaline waters were further evaluated 
for optimization of growth. 

Semi-intensive polyculture 
with air-breathing fish species 
and carp in Bangladesh 

13MNE01NC, 
16MNE01NC 

Bangladesh Evaluation of the polyculture of Koi 
(climbing perch), an air-breathing fish, 
with carps and found that there is no 
impact on Koi growth, and may actually 
improve it. The new polyculture 
technology could increase fish yields, 
compared with Koi monoculture alone, 
increasing the diversity of fish produced 
for income generation. 

Reduced feeding strategies for 
semi-intensive polyculture of 
koi and carp 

13MNE01NC, 
16MNE01NC 

Bangladesh Exploration of feed reduction strategies 
for Koi-carp Polyculture. Results showed 
that reducing feed inputs by 50% has no 
negative impacts on polyculture 
production of Koi or carps. 
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Technology Investigation 
Code(s) 

Country Description 

Characterizing the gut 
microbiome for improved 
tilapia production 

13SFT05NC Bangladesh Identification of beneficial gut microflora 
in tilapia needed for optimal nutritional 
absorption and to generate a greater 
understanding of how gut microbial 
diversity changes in response to alternate-
feeding strategies.  

Nutritional conditioning 
during larval development to 
improve production and feed 
efficiency 

16SFT02NC Bangladesh Evaluated the reduction of protein in the 
diet of post yolk-sac tilapia fry for 14 
days can enhance growth of tilapia later 
in life. Conditioning tilapia early in life 
with a low protein diet may improve their 
capacity to utilize protein and improve 
growth during subsequent growout. This 
could enhance the efficiency of tilapia 
production. 

Pangasius culture in brackish 
water 

13BMA02NC Bangladesh Development of Pangasius catfish culture 
in brackish waters. This technology 
allows for the adaptation of Pangasius 
culture to saline water encroachment on 
the freshwater environment and the 
utilization of large areas of abandoned or 
underused land.  

Formulated feeds and higher 
stocking density for Pangasius 
culture in hyposaline waters 

13BMA02NC Bangladesh Optimization of Pangasius culture in 
hyposaline waters. Farmers can enhance 
their fish yield and economic returns for 
Pangasius culture in hyposaline culture 
by stocking fish at a higher density and 
using feeds formulated on-farm rather 
than commercial feeds. The development 
of this technology determined if 
increasing stocking density by 50% and 
application of formulated feeds enhances 
fish yields and reduces feed costs for 
growing Pangasius in hyposaline waters.  

Tilapia and mud crab 
polyculture  

13MER04NC Bangladesh Exploration of the potential benefits of 
integrated tilapia and mud crab culture for 
women fish farmers who utilize mud 
crab-fattening as a source of income. 
Tilapia cultured with mud crab can 
provide increases in seafood yields and an 
additional source of protein for 
consumption or sale and as food for mud 
crab. Farmers can enhance income, 
nutrition, and sustainability of mud crab 
culture by limiting use of wild caught 
small fish as feed for mud crab.  

Reduced feed strategies for 
semi-intensive tilapia 
monoculture and polyculture 
with the major Indian carp, 
Rohu. 

13SFT04NC Bangladesh Feeding at half ration combined with 
pond fertilization substantially increases 
the net return and benefit-cost ratio for 
growing tilapia whether in monoculture 
or in polyculture with Rohu. This strategy 
is useful for enhancing utilization of 
costly nutrients while limiting their 
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Technology Investigation 
Code(s) 

Country Description 

impacts to the environment. The 
polyculture of carp with tilapia allows 
additional production of fish that can 
enhance incomes of small scale farmers. 
Researchers evaluated the potential 
economic and environmental benefits of 
reducing feed inputs with the addition of 
carp (Rohu) in tilapia culture.  

Semi-intensive culture of 
tilapia with two major Indian 
carps (Rohu and Catla) 

13SFT04NC Bangladesh Testing of Polyculture systems with 
tilapia and Rohu alone, Catla alone, or a 
combination of the two carps to 
determine if tilapia-carp polyculture 
might be improved with a particular carp 
species or a  combination of the two. 
Tilapia grown with either Catla or Rohu 
had nominally better cost:benefit ratios 
and is more economical than tilapia 
grown with both carp species. This 
technology shows farmers have greater 
flexibility in the carp species used in 
tilapia-carp polyculture systems. 

Pulsed feeding for improved 
nutrient absorption in tilapia 
pond culture 

13SFT05NC Bangladesh Exploration of pulsed feeding for 
reducing feed costs and improving 
nutrient absorption in tilapia. Reduced 
feed costs can be achieved through 
reduced ration size or pulsed feeding. 
Pulsed feeding makes semi-intensive 
aquaculture more accessible and may 
increase the nutrient absorption efficiency 
of fish. Feed costs could be reduced by up 
to 66% with the added benefit of 
increased household income, fish 
consumption, and improvements in water 
quality through better management of 
inputs. 

Asia Project: Nepal 
Project Partners and Collaborators: 
• University of Michigan (Lead US University) 
• Agricultural and Forestry University (Lead HC 

Institution) 
• Nepal Agricultural Research Center 
• Directorate of Fisheries Development 
• Janata Higher Secondary School 
• Kathar Higher Secondary School 
• Nepal Higher Secondary School 

• Prithivi Secondary School 
• Rural Integrated Development Society in Nepal 
• Shree Chadeswory Secondary School 
• Annapurna Higher Secondary School 
• Center for Aquaculture Research and Production 
• Sundardeep Women Fish Farmer’s Cooperative 
• Mishrit Cooperative 
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Technology Investigation 
Code(s) 

Country Description 

Carp-Sahar-tilapia polyculture  07BMA02UM, 
09BMA03UM, 
13BMA06UM, 
16BMA03UM 

Nepal Evaluation of Sahar (Tor putitora) and 
Nile tilapia (Oreochromis niloticus) 
cultured with carps to determine if this 
system increases fish production 
compared to existing carp polyculture 
systems. Results indicated that carp 
production increased when the two 
species were added, offering a positive 
impact on smallholder farmers in Nepal 
and the region. 

Sahar reproduction in warm 
water – Chitwan, Nepal 

13QSD02UM Nepal Adaptation of sahar (Tor putitora) 
reproduction technology from cool to 
warm water site to increase the amount of 
sahar fry available. 5,000 fry were 
produced in Rampur and used in stocking 
ponds or natural waters. 

Sahar Fry Production 16QSD02UM Nepal The development and refinement of 
protocols for the use of hormone 
induction to mature and breed sahar in 
captivity, opening up the possibility of 
rearing sahar on a commercial scale for 
restocking of natural waters and for 
culture in ponds. 

Carp-SIS polyculture system 
with periphyton 

13SFT08UM Nepal Compared fish production between carp-
SIS polyculture and periphyton-based 
carp-SIS polyculture in order to develop a 
cost-effective means to increase fish 
production. This technology led to a 74% 
increase in gross margin for carp 
polyculture due to reduced feeding costs 
and increased fish production. Farmers 
can earn income through carp sales and 
improve family health and nutrition 
through consumption of SIS from their 
ponds. This technology is suitable to rural 
farmers, as it is cost-effective, simple, and 
supports family nutrition. 

New systems for periphyton 
enhancement in fish ponds 

16BMA04UM Nepal Testing of new ways to grow periphyton 
besides bamboo mats. Previous studies 
showed that bamboo mats worked very 
well for fish growth but were hard to 
manage in the pond culture system. 

Reducing bird predators and 
poaching for ponds in Nepal 

13SFT08UM Nepal Isolation of ponds from human 
disturbance allows more bird occupation 
and reduces fish production. This study 
assessed periphyton substrate as shelter 
and cover to protect fish from predators 
like birds and also hindered poaching. 
The periphyton substrate was successful 
in reducing bird occupation and 
increasing fish production by about 20%. 
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Establishment of school ponds 
and aquaculture curriculum  

13HHI04UM, 
16HHI03UM 

Nepal Establishment of ponds and a novel 
aquaculture curriculum to train students 
and community members on aquaculture 
technology and the benefits of fish. 
STEM knowledge was integrated with 
agriculture education. Students were 
trained, and knowledge for them 
improved from less than 40% to 60-82% 
on standard tests. Women's groups also 
received training and knowledge on fish 
and its role in household health. 
Consumption of fish in the household 
also increased. 

 
 
Asia Project: Cambodia & Vietnam 
Project Partners and Collaborators: 
• University of Connecticut-Avery Point (Lead US 

University) 
• Cambodia HARVEST Project 
• Cambodia Ministry of Agriculture, Forestry, and 

Fisheries, Kampong Cham National School of 
Agriculture 

• Can Tho University 
• Department of Aquaculture Development 
 
 

• Fisheries Administration in Cambodia 
• Inland Fisheries Research and Development 

Institute (IFReDI, Lead HC Institution) 
• Mekong River Commission 
• Royal University of Agriculture 
• Royal University of Law and Economics 
• University of Rhode Island 
• WorldFish Center, Cambodia 
 

Technology Investigation 
Code(s) 

Country Description 

Sustainable snakehead 
breeding, weaning, and rearing 
in Cambodia 

09IND02UC, 
13IND02UC, 
16IND01UC 

Cambodia Development and transfer of successful 
domestication, breeding, weaning, and 
rearing/growout practices for snakehead 
in Cambodia. This technology has helped 
to lift the 2005 ban on snakehead 
farming, helping to support the large 
population of snakehead fish farmers in 
the region. 

Climate change vulnerability 
assessment on snakehead 
value chain in the Lower 
Mekong Basin 

13MER03UC Cambodia This assessment developed an improved 
understanding of the vulnerability of 
actors in the fish value chain to the key 
drivers of climate change. Assessment of 
vulnerability of snakehead fishers in 
Cambodia and Vietnam will provide 
evidence-based policy recommendations 
for the sustainable development of 
aquaculture and fisheries in the Lower 
Mekong River basin.  

Sustainable aquaculture 
development in Cambodia 
through carrying capacity 
models and estimates 

13WIZ01UC Cambodia Development of a planning tool for 
sustainable aquaculture in Cambodia by 
training Cambodian scientists, 
regulators/managers, and officers in the 
use of models to estimate the amount of 
aquaculture waste that an ecosystem can 
assimilate. 
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Technology Investigation 
Code(s) 

Country Description 

Sustainable snakehead 
breeding, weaning, and rearing 
in Cambodia 

09IND02UC, 
13IND02UC, 
16IND01UC 

Cambodia Development and transfer of successful 
domestication, breeding, weaning, and 
rearing/growout practices for snakehead 
in Cambodia. This technology has helped 
to lift the 2005 ban on snakehead 
farming, helping to support the large 
population of snakehead fish farmers in 
the region. 

Climate change vulnerability 
assessment on snakehead 
value chain in the Lower 
Mekong Basin 

13MER03UC Cambodia This assessment developed an improved 
understanding of the vulnerability of 
actors in the fish value chain to the key 
drivers of climate change. Assessment of 
vulnerability of snakehead fishers in 
Cambodia and Vietnam will provide 
evidence-based policy recommendations 
for the sustainable development of 
aquaculture and fisheries in the Lower 
Mekong River basin.  

Value-added processing of 
farmed snakehead 

13SFT03UC Vietnam Development of a manual for the 
processes of dried and fermented 
snakehead (C. striata) that cut processing 
time for both salted and fermented 
snakehead. Results demonstrated 
processing techniques that allow safe 
consumption of snakehead for up to 4 
wks of storage, based on sensory, 
chemical and microbiological parameters. 
Snakehead can yield many value-added 
processed products that improve the shelf 
life of the fish. This work improves the 
use of two major value-added products: 
dried and fermented snakehead. 

Feed formulation and 
processing with soy protien for 
snakehead 

13SFT03UC Vietnam Development of cost-effective alternative 
feeds for small-scale farming of 
snakehead, replacing fishmeal with plant-
based protein (soy protein concentrate). 
Success of this technology is helping 
overcome the use of small-size fish for 
fishmeal, improving the sustainability of 
snakehead aquaculture and reducing 
pressures on wild caught small-size fish.  

Domestic Snakehead genetic 
resource 

16QSD01UC Cambodia 
& Vietnam 

This work sought to characterize and 
compare genetic diversity of (1) wild 
(non-domesticated) snakehead 
populations collected from different 
natural water bodies in Cambodia, and (2) 
Cambodia wild (non-domesticated) 
striped snakehead and Vietnamese 
domesticated striped snakehead (Channa 
striata) collected from different 
hatcheries in the Mekong Delta inferred 
from mitochondrial DNA markers.  



 

 
 

91 

Technology Investigation 
Code(s) 

Country Description 

Sustainable snakehead 
breeding, weaning, and rearing 
in Cambodia 

09IND02UC, 
13IND02UC, 
16IND01UC 

Cambodia Development and transfer of successful 
domestication, breeding, weaning, and 
rearing/growout practices for snakehead 
in Cambodia. This technology has helped 
to lift the 2005 ban on snakehead 
farming, helping to support the large 
population of snakehead fish farmers in 
the region. 

Climate change vulnerability 
assessment on snakehead 
value chain in the Lower 
Mekong Basin 

13MER03UC Cambodia This assessment developed an improved 
understanding of the vulnerability of 
actors in the fish value chain to the key 
drivers of climate change. Assessment of 
vulnerability of snakehead fishers in 
Cambodia and Vietnam will provide 
evidence-based policy recommendations 
for the sustainable development of 
aquaculture and fisheries in the Lower 
Mekong River basin.  

Snakehead pellet feed 
improvements through vitamin 
C supplementation 

16SFT01UC Cambodia 
& Vietnam 

The development of this technology 
works to provide cost-effective feeds for 
snakehead aquaculture in Vietnam and 
Cambodia, specifically by: 1) determining 
optimal vitamin C requirement in 
practical diets in laboratory and pond 
trials (Vietnam); and 2) evaluating cost-
effectiveness of pellet diets with optimal 
vitamin C for hapa growout (Cambodia). 

 

 
Women carrying baskets of fish, Vietnam 2011. Photo contributed by Phu Hoa.  
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IX. LESSONS LEARNED 
 
 
 
 
 
The AquaFish IL and Oregon State University accrued a wealth of experiences in managing the USAID 
Cooperative Agreement/Leader with Associates Award from 2006-2018, and from previous leadership 
and management of CRSPs dating back to the early 1980s. In designing AquaFish IL, Dr. Egna was able 
to draw on foundational lessons learned and knowledge that she gained during the earlier CRSP 
experiences, including the need to adapt the overall program over time to meet emerging global research 
and outreach issues; and the importance of building and maintaining solid partnerships with both US and 
Host Country participants, balancing risk associated with Blue Sky research and applied research, 
stressing innovation and scholarly work, respectful partnerships, and building human and institutional 
capacity for program success. Additionally, AquaFish IL was designed and implemented with the 
understanding that: 
 
• A constellation of projects should be nurtured around a rational and solid core idea, but it is essential 

to build in flexibility. This management philosophy allows the research portfolio to evolve to respond 
to emergent ideas. 

• The time required for research to reach a satisfactory end-point can vary greatly. Creating and 
maintaining the conditions for productive research requires a long-term investment. As an example, 
new species reproduction (broodstock) research is by nature long-term and research impacts cannot 
necessarily be measured in annual increments. Other impacts (e.g., training) can be measured 
annually. 

• Host Country capacity building is critically important to induce program buy-in and ownership, and 
to contribute to lasting impacts and self-determination. 

• Not all research investments will end up equal in quality but all research must meet basic 
requirements of integrity and be verifiable. Research designs must be reviewed early on, through 
external peer-review, to ensure the research is defensible. 

 
The lessons learned highlighted below are a compilation of 2006-2018 experiences of the Management 
Entity (ME) and subcontracting partners.  
 
Program Management 
• Managing a large program from inception through closedown takes considerable time and diligence. 

The AquaFish Innovation Lab Leader with Associates Award is a long-lived collaborative research 
program that has involved complex coordination of many partnering individuals and institutions. In 
its decade of operation, the ME at OSU has been responsible for leading and implementing all 
elements of the program. Over the course of the award, AquaFish IL has managed up to eight 
subcontracting partner institutions at a given time, which in turn subcontract to other US and HC 
partner institutions. The ME managed many other activities through smaller subagreements; and 
within OSU iself. The ME is responsible for ensuring that all levels of subcontractors are in 
compliance with federal, state, and university regulations and policies. With these many layers of 
subcontractors and subagreements, the ME diligently tracked on contract compliance to ensure that 
cost share requirements are met; that project spending is allowable, allocable, and consistent; that 
USAID research policies have been followed; among other responsibilities. The Director, Dr. Egna, 
also has served as the Lead Principal Investigator and in that role has been the driver of the research 
portfolio, initiating 165 unique investigations since program inception in 2006. Managing this large 
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program has taken substantial time and dedication, with the work intensity amplified during the start-
up and closeout periods. The AquaFish IL ME proactively took steps during its final phase towards a 
smooth closedown process, including: initiating meetings with the five remaining subcontractors, 
discussing research and administrative closedown with US and HC partners at regional meetings in 
Asia and Africa, hosting a closedown meeting with US PIs and their fiscal officers, and holding 
quarterly conference calls with US PIs and Skype calls with HC partners to gain visibility on pipeline 
spending and to help resolve any invoicing and contractual challenges. 

• In international development projects that involve field research, unanticipated weather events and 
natural and human-caused disasters can cause substantial disruptions. Stronger and more resilient 
projects survive disruptions better than weaker projects. Resilience is improved when projects have 
sufficient resources banked and readily available for use. The slow trickle of funds to projects on start 
up can cause a temporary state of instability, at which time an unanticipated weather event or hazard 
can result in greater losses. The lesson learned is to allow the program and projects to hold substantial 
reserves to mitigate the effects of risk. USAID pipeline exercises are not helpful in this regard and 
need to be reviewed given the greater risks and need for ready capital flows among projects that 
operate in risky environments.  
 

Metrics and Reporting 
• The large volume of reporting required by USAID consumes a substantial amount of ME time and 

energy, especially when policies change midway through a funding cycle, when frequent information 
requests go above and beyond existing grant requirements, and when requests require quick turn-
around times. Unanticipated requests interrupt operations and monopolize time already allocated for 
other activities, impacting AquaFish IL’s ability to accomplish stated program objectives. The ME 
has learned that best reporting practices for subcontractors provide clear reporting policies and 
timelines at the beginning of the contractual period; follow contractual agreements; and use 
information readily available via reports already submitted prior to sending additional requests. All 
Innovation Labs would benefit from USAID’s adoption of this approach to save time and decrease the 
occurrence of redundant requests. 

• AquaFish IL activities at KNUST, Ghana, at UJAT, Mexico, and at AFU, Nepal, have left a visible 
mark both on the university’s aquaculture and fisheries programs, especially student enrollment and 
engagement in research, and on the development of faculty research skills and output. These benefits 
are not captured in the current metrics being used in project impact assessment by USAID. While 
curriculum development was not a research objective of AquaFish IL, it was an unintended benefit 
that has only recently drawn the interest of USAID. Often, the most important benefits turn out to be 
those that were unplanned. 

 
Partnerships and Communications 
• Connecting FTF and non-FTF countries can improve research quality, maximize capacity building, 

and result in broader regional benefits. At inception of the AquaFish CRSP program in 2006, the 
director had the foresight to initiate a South-South research partnership between Cambodia and 
Vietnam so that Cambodia’s less developed aquaculture sector could benefit from the more advanced 
Vietnamese sector. A principal goal of this project has been to transfer Vietnamese research and 
technologies on sustainable snakehead culture to Cambodia in order for the snakehead ban in 
Cambodia to be lifted. Vietnamese scientists on this project from CTU trained Cambodian colleagues 
from IFReDI in the hatchery breeding and rearing of snakehead, and the project team successfully 
developed a feed using soy protein, subsequently commercialized by the private sector, thereby 
reducing reliance on low-value fish for feed. As a result, the ban on snakehead farming in Cambodia 
was lifted in April 2016. AquaFish IL has continued to develop and improve upon alternative cost 
effective feeds. This partnership has resulted in substantial social, economic, and environmental 
benefits to Cambodia. In turn, Vietnam’s industry, as well as the Lower Mekong Basin more broadly, 
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has benefited from the domestication (breeding and raising fish in captivity) of snakehead from over a 
decade of research and information exchange, and from the scaling of AquaFish IL technologies into 
the private sector feed industry.  

• Third-Country Training can provide exceptionally good benefits for stakeholders in developing areas. 
In-person observations of successes (and sometimes failures) in other countries, complemented with 
face-to-face discussions with practitioners in those countries, often provide a far better educational 
experience than reading reports or listening to conference presentations from afar. This truth has been 
demonstrated in several AquaFish IL activities. One example was from the Mali Associate Award 
project, in which outstanding contributions to aquaculture and fisheries development efforts were 
made by Malians after receiving CRSP-sponsored training in China and Kenya. On their return to 
Mali, participants were instrumental in developing rice-fish culture demonstrations and constructing 
simple catfish hatchery facilities, in serving as leaders in subsequent trainings of farmers and 
extension personnel, and in providing support to other agencies working in these development areas 
in Mali. Their contributions proved to be significant factors in the successes achieved by the project 
and continue to impact the development of the aquaculture and fisheries sectors in Mali. 

• There is no replacement for spoken dialogue. In an era of electronic communication, email is often 
the go-to means for communication. Email can be especially useful when communicating on a global 
scale with partners in many time zones, conducting fieldwork, and with frequent travel. While 
convenient and seemingly time effective to communicate almost exclusively via email, research 
partners experienced first hand that calls were more interactive and helped resolve project issues 
faster. Talking via phone, Skype, or in-person can be particularly important to avoid 
misunderstandings when working across many cultures and languages. 

 
Research Oversight 
• In AquaFish IL field projects, weather often causes disruptions. Weather can make or break a season 

of research experiments. With support, flexibility, and perseverance, project work can withstand 
natural disasters in spite of tremendous challenges to the personal and professional lives of 
participants. While fortunately no partners in Nepal were injured during the 2015 Gorkha earthquake 
and aftershocks, facilities were damaged and project timelines disrupted. The ME was mindful that 
natural disasters can cause research delays and additional costs, and reached out to the project team in 
Nepal to offer support. Due to this quick response and action, and because of strong partnerships in 
Nepal, actvities were restored relatively quickly. 

• Negative results can be just as valuable as expected results, and the ME regularly reminded 
researchers to report on all findings – positive or negative. A common fallacy in the scientific arena is 
that experiments are only successful when data prove the expected or desired results. This leads to a 
“positive bias” in scientific and grey literature as researchers and journals are more apt to publish 
findings that support predictions and many experimental results are never revealed. Among others in 
the scientific community, the ME is well aware of this bias and has a policy of accepting experiments 
as completed even when data are unexpected, controversial, or show that there are no significant 
differences so long as good scientific practices are followed. Even with this standing policy, some  
researchers were hesitant to submit reports that highlighted what they considered “failed” 
experiments. 
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X. FUTURE CHALLENGES AND 
OPPORTUNITIES 

 
The aquaculture sector continues to play an increasingly important role in global food security and will be 
an important player in meeting the onerous challenge of feeding 9.7 billion people by 2050. This 
challenge, and the role that aquaculture will play, must also be understood in the context of a changing 
climate, economic and financial uncertainty, and growing competition for natural resources5.  
 
Fish and other seafood are highly nutritious sources of animal-based protein, and global per capita fish 
consumption is currently over 20 kg. Global fish production destined for human consumption is expected 
to continue to grow due to increased demand driven by, among other things, increased affluence and 
urbanization in developing countries. With global capture fishery landings remaining static since the 
1980s, this increased demand for seafood by a growing population will need to be met through 
aquaculture production.  
 
The overarching challenge for the global aquaculture sector, therefore, is to increase production in a way 
that is economically viable, environmentally sustainable (including accounting for inputs such as fish 
meal), and can be accomplished in the face of a changing climate. In the context of international 
development, increased production must also occur in a pro-poor manner that addresses local needs to 
improve livelihoods and food security, especially for marginalized populations. 
 
Opportunities exist for USAID to build on the aquaculture development work conducted by the AquaFish 
IL. In February 2018, USAID released a Notice of Funding Opportunity for the new Fish Innovation Lab 
to continue global aquaculture development work through 2023 – demonstrating USG commitment to 
future work in this area. AquaFish IL recommends that USAID carefully consider which parts of the 
aquaculture sector to support with public fudnding and which can be best supported by industry and the 
private sector. Fish in particular are a high value product often exported. Benefits of production accrue 
unevenly with smaller farms losing out as the sector grows.  
 
Since 1982, a global, multidisciplinary network of aquaculture experts has grown through participation in 
the Pond Dynamics/Aquaculture Collaborative Research Support Program (PD/A CRSP), the 
Aquaculture CRSP (ACRSP), AquaFish CRSP, and the AquaFish IL. Significant opportunities exist for 
future development efforts to draw on the aquaculture expertise within this network. With this in mind 
and in order to ensure continued and lasting impacts of the work initiated by the AquaFish IL, during 
FY17 and FY18 a high priority was to ensure that over a decade of AquaFish-supported research and 
capacity building was transferred to host countries so that project partners can continue to build on and 
carry work forward. To accomplish this, AquaFish IL focused on outreach and dissemination to transfer 
knowledge and technologies to HC researchers, extension agents, farmers, industry personnel, managers, 
policy makers, and other stakeholders. Each project developed an Exit Strategy in FY16 describing a plan 
for a graceful exit after the AquaFish IL end date. The AquaFish IL MT worked with project partners to 
monitor progress towards these strategies to assist with seamless transitions to our HC partners. As a 
result, important, host country-led research, initiated with the support of AquaFish IL, is continuing to 
advance the development of the aquaculture sector to improve livelihoods and food security. 
  

                                                        
5 FAO. 2016. The State of World Fisheries and Aquaculture 2016. Contributing to food security and nutrition for all. 
Rome. 200 pp. 
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XI. CONCLUSIONS  
 
 
 
The AquaFish IL made a global impact in the sustainable aquaculture arena through over a decade of 
investment in research and capacity building. The Lab developed and transferred 86 technologies and best 
management practices to over 11,000 small- and medium-scale producers and other stakeholders in its 
focus countries in Africa, Asia, Latin America and the Caribbean, and more broadly. The groundwork has 
been laid, through concerted efforts in human and institutional capacity building, for host country partners 
to initiate and lead sustainable aquaculture research and development globally.  
 
Since inception in 2006, the AquaFish IL conducted 165 investigations on effective solutions to address 
on-the-ground needs. These technologies and research findings have been transferred to 11,437 
stakeholders through 348 workshops and training events. The scientific strength and accomplishments of 
the Lab are evidenced by more than 325 peer-reviewed publications. The AquaFish IL mentored more 
than 600 students in long-term degree programs at US and HC institutions, including six Borlaug LEAP 
fellows. Providing equal opportunities for men and women alike has been a cross-cutting theme over the 
duration of the award, and since 2006, women comprised 48% of long-term students were women. Over 
the duration of the award the AquaFish IL built partnerships with over 300 institutions and individuals, 
and this established network has served as a conduit for regional and global collaboration, sharing, and 
innovation.  
 
Impactful research areas include: feeds and feeding; general production, pond systems and management; 
air-breathing and indigenous species; mobile phone-based technologies; breeding and genetics; 
hyposaline and coastal aquaculture development; polyculture and integrated systems; and value-chain 
analyses. Research findings from these lines of research and others have already been transferred, and in 
some cases industry partnerships have been established to enable scaling up technologies and best 
practices for broad adoption. Additionally, the AquaFish IL legacy is being preserved on an archived 
website at OSU (aquafishcrsp.oregonstate.edu), ensuring that AquaFish IL’s research findings remain 
accessible, and enabling the next cadre of researchers to build on program successes.  
 
Continued investment in the growing aquaculture sector will help build on past AquaFish IL successes, 
and more broadly has the potential to improve food security and decrease poverty rates in developing 
nations. Fish comprise a substantial portion of the animal protein consumed throughout much of the 
world, making up over 50% in several FTF target and focus countries, including Bangladesh, Cambodia, 
and Ghana. Aquaculture contributes nearly half of the global fish supply, and as demand for animal-
source protein continues to grow, aquaculture stands out as an efficient, sustainable, and affordable 
method of food production. According to the FAO, aquaculture is the fastest growing animal food 
production sector globally, increasing annually by about 7% in the last decade. With an increased focus 
on human nutrition by FTF and USAID, fish are an important part of the Innovation Lab portfolio, 
representing a critical current and future source of protein, micronutrients, and lipids. Further, many fish 
farmers in developing countries are small-holders who benefit from food security, employment, and 
increased income from trade and sales. 
 
  



 

 
 

97 

 
APPENDIX A: PUBLICATIONS 

 
 
 
 
The following is a list of publications and peer-reviewed articles by AquaFish Innovation Lab (formerly 
AquaFish CRSP) investigators on their AquaFish-sponsored research. Some of the publications before 
2009 may be attributable in part to the Aquaculture CRSP. For nearly two years, from 2006-2008, the 
Aquaculture CRSP overlapped with AquaFish CRSP.  

Abbas, K., M.Y. Li, W.M. Wang, and X.Y. Zhou. 2009. First Record of the Natural Occurrence of 
Hexaploid Loach Misgurnus anguillicaudatus in Hubei Province, China. Journal of Fish Biology 
75(2):435–441.  

Abbas, K., Z. Xiaoyun, and W.M. Wang. 2017. Microsatellite Markers Reveal Genetic Differentiation of 
Chinese Dojo Loach Misgurnus anguillicaudatus in the Yangtze River Basin. Turkish Journal of 
Fisheries and Aquatic Sciences 17(6):1167–77.  

Abdalla, A.A.F., C.D. McNabb, and T.R. Batterson. 2011. Ammonia Dynamics in Fertilized Fish Ponds 
Stocked with Nile Tilapia. The Progressive Fish-Culturist 58(2):117–123.  

Adjei-Boateng, D., S. Amisah, and K.K. Quagrainie. 2009. Bacteriological Contamination of the 
Freshwater Clam (Galatea paradoxa) from the Volta Estuary, Ghana. African Journal of 
Microbiology Research 3(7):396–399. 

Agbo, N.W., S. Amisah, E. Tettey, and E.A. Frimpong. 2014. Effects of Dietary Protein Levels on 
Growth Performance of Claroteid Catfish, Chrysichthys nigrodigitatus, Fingerlings. Annals of 
Biological Research 5(4):17–22.  

Ahmad, S.A.S., A.N. Bart, Y. Yi, J.E. Rakocy, and J.S. Diana. 2009. The Effect of the Introduction of 
Nile Tilapia (Oreochromis niloticus, L.) on Small Indigenous Fish Species (Mola, 
Amblypharyngodon mola, Hamilton; Chela, Chela cachius, Hamilton; Punti, Puntius sophore, 
Hamilton). Aquaculture Research 1–9:904–912.  

Ahmed, N. and J.S. Diana. 2015. Coastal to Inland: Expansion of Prawn Farming for Adaptation to 
Climate Change in Bangladesh. Aquaculture Reports 2:67–76.  

Ahmed, N. and J.S. Diana. 2015. Threatening “White Gold”: Impacts of Climate Change on Shrimp 
Farming in Coastal Bangladesh. Ocean and Coastal Management 114:42–52.  

Ahmed, N. and J.S. Diana. 2016. Does Climate Change Matter for Freshwater Aquaculture in Bangladesh? 
Regional Environmental Change 16(6):1659–1669.  

Ahsan, M.E., M.A. Wahab, M.A.B. Siddik, M.A. Alam, M.R. Sharker, and A. Nahar. 2013. Impacts of 
Inclusion of Column Feeder Rohu (Labeo rohita) at Different Stocking Densities on Growth and 
Production in Freshwater Prawn-Finfish Polyculture System. International Journal of Biological 
Research 1(2):48–54. 

Alrubaian, J.S. Lecaude, J. Barba, L. Szynskie, N. Jacobs, D. Bauer, I. Kaminer, B. Bagrosky, R.M. 
Dores, and C. Brown. 2006. Trends in the Evolution of the Prodynorphin Gene in Teleosts: Cloning 
of Eel and Tilapia Prodynorphin cDNAs. Peptides 27(4):797–804.  

Amankwah, A., K.K. Quagrainie, and P.V. Preckel. 2016. Demand for Improved Fish Feed in the 
Presence of a Subsidy: A Double Hurdle Application in Kenya. Agricultural Economics 47(6):633–
643. 

Amankwah, A., K.K. Quagrainie, and P.V. Preckel. 2018. Impact of aquaculture feed technology on fish 
income and poverty in Kenya. Aquaculture Economics and Management. Pg. 1-21.  



 

 
 

98 

Amisah, S., A.B. Gyampoh, P. Sarfo-mensah, and K.K. Quagrainie. 2009. Livelihood Trends in Response 
to Climate Change in Forest Fringe Communities of the Offin Basin in Ghana. Journal of Applied 
Sciences and Environmental Management 13(2):5–15.  

Amisah, S., D. Adjei-Boateng, and K.A. Obirikorang. 2011. Bioaccumulation of Heavy Metals in the 
Tissue of the Clam Galatea paradoxa and Sediments from the Volta Estuary, Ghana. International 
Journal of Environmental Research 4(3):533–540. 

Amisah, S., D. Adjei-Boateng, K.A. Obirikorang, and K.K. Quagrainie. 2009. Effects of Clam Size on 
Heavy Metal Accumulation in Whole Soft Tissues of Galatea paradoxa (Born, 1778) from the 
Volta Estuary, Ghana. International Journal of Fisheries and Aquaculture 1(2):14–21. 

Anane-Taabeah, G., E.A. Frimpong, S. Amisah, and N.W. Agbo. 2011. Constraints and Opportunities in 
Cage Aquaculture in Ghana. In Better Science, Better Fish, Better Life Proceedings of the Ninth 
International Symposium on Tilapia in Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. 
Shanghai, China, pp. 158–165.  

Anane-Taabeah, G., K.K. Quagrainie, and S. Amisah. 2016. Assessment of Farmed Tilapia Value Chain 
in Ghana. Aquaculture International 24(4):903–919.  

Ansah, Y.B. and E.A. Frimpong. 2015. Impact of the Adoption of BMPs on Social Welfare: A Case 
Study of Commercial Floating Feeds for Pond Culture of Tilapia in Ghana. Cogent Food & 
Agriculture 1(1):1048579.  

Ansah, Y.B. and E.A. Frimpong. 2015. Using Model-Based Inference to Select a Predictive Growth 
Curve for Farmed Tilapia. North American Journal of Aquaculture 77(3):281–288.  

Ansah, Y.B., E.A. Frimpong, and E. M. Hallerman. 2014. Genetically-Improved Tilapia Strains in Africa: 
Potential Benefits and Negative Impacts. Sustainability 6(6):3697–3721.  

Ansah, Y.B., E.A. Frimpong, and S. Amisah. 2012. Biological Assessment of Aquaculture Effects on 
Effluent-Receiving Streams in Ghana Using Structural and Functional Composition of Fish and 
Macroinvertebrate Assemblages. Environmental Management 50(1):166–180.  

Ansah, Y.B., E.A. Frimpong, and S. Amisah. 2013. Characterisation of Potential Aquaculture Pond 
Effluents, and Physico-Chemical and Microbial Assessment of Effluent-Receiving Waters in 
Central Ghana. African Journal of Aquatic Science 38(2):185–192.  

Antle, J. and R. Valdivia. 2011. Methods for Assessing Economic, Environmental and Social Impacts of 
Aquaculture Technologies: Adoption of Integrated Agriculture-Aquaculture in Malawi. In Better 
Science, Better Fish, Better Life, Proceedings of the Ninth International Symposium on Tilapia in 
Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. Shanghai, China, pp. 174–183.  

Apraku, A., L. Liu, X. Leng, E.J. Rupia, and C.L. Ayisi. 2017. Evaluation of Blended Virgin Coconut Oil 
and Fish Oil on Growth Performance and Resistance to Streptococcus iniae Challenge of Nile 
Tilapia (Oreochromis niloticus). Egyptian Journal of Basic and Applied Sciences 4(3):175–184.  

Arslan, M., J. Rinchard, K. Dabrowski, and M.C. Portella. 2008. Effects of Different Dietary Lipid 
Sources on the Survival, Growth, and Fatty Acid Composition of South American Catfish, 
Pseudoplatystoma fasciatum, Surubim, Juveniles. Journal of the World Aquaculture Society 
39(1):51–61. 

Arslan, M., K. Dabrowski, and M.C. Portella. 2009. Growth, Fat Content and Fatty Acid Profile of South 
American Catfish, Surubim (Pseudoplatystoma fasciatum) Juveniles Fed Live, Commercial and 
Formulated Diets. Journal of Applied Ichthyology 25(1):73–78.  

Arslan, M., K. Dabrowski, S. Ferrer, M. Dietrich, and G. Rodriguez. 2013. Growth, Body Chemical 
Composition and Trypsin Activity of South American Catfish, Surubim (Pseudoplatystoma Sp.) 
Juveniles Fed Different Dietary Protein and Lipid Levels. Aquaculture Research 44(5):760–771.  

Asaduzzaman, M., M.A. Wahab, Y. Yi, J.S. Diana, and C.K. Lin. 2006. Bangladesh Prawn-Farming 
Survey Reports Industry Evolution. Global Aquaculture Advocate November/December 2006: 41–
43.  

Atukunda, G., State, A.E., Molnar, J., Atekyereza, P. 2018.  Aquaculture Development and Uganda’s 
Agricultural Extension System: The Case of Fish Farmers in Central and Northern 
Regions.  Journal of Fisheries and Aquaculture Development (2018)1  



 

 
 

99 

Avalos-Hernandez, N., C.A. Alvarez-González, R. Civera-Cerecedo, E. Goytortua-Bores, and G, 
Dávalos.2006. Evaluación de La Sustitución Parcial Y Total de Harina de Sardina Con Harina de 
Cerdo En Alimentos Para Juveniles de La Tilapia Del Nilo i: Efecto Sobre La Supervivencia, El 
Crecimiento Y La Utilización Del Alimento. In Proceedings for the 7th International Symposium 
on Tilapia in Aquaculture (ISTA 7), edited by W.M. Contreras-Sánchez and K. Fitzsimmons. Vera 
Cruz, Mexico, 123 pp.  

Baltzegar, D.A., B.J. Reading, J.D. Douros, and R.J. Borski. 2014. Role for Leptin in Promoting Glucose 
Mobilization during Acute Hyperosmotic Stress in Teleost Fishes. Journal of Endocrinology 
220(1):61–72.  

Barman, D., P. Nen, S.C. Mandal, and V. Kumar. 2013. Immunostimulants for Aquaculture Health 
Management. Journal of Marine Science Research & Development 3(3): 10.4172/2155-
9910.1000134. 

Be, T.T. and T.T.T. Hien. 2010. Replacement of Fish Meal Protein by Soybean Meal Protein with or 
without Phytase Supplementation in Snakehead (Channa striata) Diets. The Scientific Journal of 
Can Tho University 15a:207–213.  

Bengtson, D.A. 2014. Modeling Aquaculture Carrying Capacity in Southeast Asia. Global Aquaculture 
Advocate 17(4): 36-37. 

Bengtson, D.A., P. Chheng, T. Puthearath, and N. So. 2015. Aquaculture Carrying Capacity of Stung 
Chinit Reservoir: A Pilot Project. Catch and Culture 21(2): 58-60. 

Bhujel, R.C. 2011. How to Produce Billions of High Quality Tilapia Fry. In Better Science, Better Fish, 
Better Life Proceedings of the Ninth International Symposium on Tilapia in Aquaculture (ISTA 9), 
edited by L. Liu and K. Fitzsimmons. Shanghai, China, pp. 123–131.  

Biyu, S., Y. Yi, and J.S. Diana. 2010. Clay Flocculation Counters Mycrosystin Pollution in China Study. 
Global Aquaculture Advocate 13(6):26–27. 

Bolivar, R.B., D. Meyer, Y. Yi, L. Reifke, J. Bowman, and H. Egna. 2008. Economic Gains to Fish 
Farmers Resulting from Research Conducted Under the Aquaculture Collaborative Research 
Support Program. In Proceedings of the Fourteenth Biennial Conference of the International 
Institute of Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a 
Sustainable Future: Managing Aquaculture, Fishing, Trade and Development, edited by J. Mumford 
and A. Leach. Corvallis, Oregon: International Institute of Fisheries Economics & Trade.  

Bolivar, R.B., E.B.T. Jimenez, R. Sayco, R.L. Argueza, H. Bolivar, L. Dadag, A. Taduan and R. Borski. 
2009. Tilapia Fingerlings from Varied Systems Deliver Similar Growout Performance. Global 
Aquaculture Advocate, September/October 2009: 98–100.  

Bolivar, R.B., E.T. Jimenez, and C.L. Brown. 2006. Alternate-Day Feeding Strategy for Nile Tilapia 
Grow Out in the Philippines: Marginal Cost – Revenue Analyses. North American Journal of 
Aquaculture 68:192–197. 

Bolivar, R.B., E.T. Jimenez, R.M. Sayco, and R.J. Borski. 2011. Supplemental Feeding of Nile Tilapia 
(Oreochromis niloticus L.) in Fertilized Ponds Using Combined Feed Reduction Strategies. In 
Better Science, Better Fish, Better Life Proceedings of the Ninth International Symposium on 
Tilapia in Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. Shanghai, China, pp. 268–
274.  

Bolivar, R.B., H.L. Bolivar, R.M.V. Sayco, E.B.T. Jimenez, R.L.B. Argueza, L.B. Dadag, A.G. Taduan, 
and R.J. Borski. (Eds.). 2008. Growth Evaluation, Sex Conversion Rate and Percent Survival of 
Nile Tilapia (Oreochromis niloticus L.) Fingerlings in Earthen Ponds. In From the Pharaohs of the 
Future: Proceedings of the 8th International Symposium on Tilapia in Aquaculture (ISTA 8). Cairo, 
Egypt, pp. 403–413.  

Borski, R.J., C.V. Sullivan, and E.G Noga. (Eds.). 2010. Genomic Enablement of Aquaculture: Graduate 
Research, Education, and Training.  In Proceedings of 1st International Symposium on Aquaculture 
& Fisheries Education, Pathumthani, Thailand, 27–30, November 2009.   

Borski, R.J., R.B. Bolivar, E.B.T. Jimenez, R.M.V. Sayco, R.L.B. Argueza, C.R. Stark, and P.R. Ferket. 
2011. Fishmeal-Free Diets Improve the Cost Effectiveness of Culturing Nile Tilapia (Oreochromis 



 

 
 

100 

niloticus L.) in Ponds under an Alternate Day Feeding Strategy. In Better Science, Better Fish, 
Better Life Proceedings of the Ninth International Symposium on Tilapia in Aquaculture (ISTA 9), 
edited by L. Liu and K. Fitzsimmons. Shanghai, China, pp. 95–101.  

Bower, J.R. and C.C. Ngugi. 2012. Development Impacts of Long-Term Aquaculture Training Programs 
Conducted in Kenya and Thailand. Journal of Higher Education and Lifelong Learning 19:1–8.  

Bowman, J.R.A. Bart, R. Bolivar, W. Contreras-Sanchez, N. Gitonga, D. Meyer and H. Egna. 2008. A 
Comparison of Tilapia Culture Technologies: Linking Research and Outreach Results Across 
Geographic Regions. World Aquaculture 39(2): 39–44.  

Boyd, C. E. 2006. Management of Bottom Soil Condition and Pond Water and Effluent Quality. In 
Tilapia: Biology, Culture, and Nutrition, edited by C. Lim and C.D. Webster. The Haworth Press, 
Inc, pp. 449–467.  

Boyd, C. E. 2010. Cage Design, Placement Affect Water Quality. Global Aquaculture Advocate 13(6):21-
22. 

Boyd, C.E. 2013. Ammonia Toxicity Degrades Animal Health, Growth. Global Aquaculture Advocate 
16(12):40-43.  

Boyd, C.E. 2014. Atmosphere Pollution Affects Water Quality. Global Aquaculture Advocate 17(5):57-
58. 

Boyd, C.E. 2014. Hydrogen Sulfide Toxic, but Manageable. Global Aquaculture Advocate 17(2):34-36. 
Boyd, C.E. 2014. Nitrite Toxicity Affected by Species Susceptibility, Environmental Conditions. Global 

Aquaculture Advocate 17(1):34-37. 
Boyd, C.E. 2014. Silicon, Diatoms in Aquaculture. Global Aquaculture Advocate 17(3):38-39. 
Boyd, C.E. 2014. Species, Pond Size Define Aeration Approaches. Global Aquaculture Advocate 

17(4):31-33. 
Boyd, C.E. 2015. Efficiency of Mechanical Aeration. Global Aquaculture Advocate 17(4):31-33. 
Boyd, C.E. and A. McNevin. 2015. Embodied Resource Use in Feed-Based Aquaculture. Global 

Aquaculture Advocate 18(3):25-27. 
Boyd, C.E. and L. Li. 2011. Intensity of Freshwater Use for Aquaculture in Different Countries. In Better 

Science, Better Fish, Better Life Proceedings of the Ninth International Symposium on Tilapia in 
Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. Shanghai, China, pp. 68–74.  

Boyd, C.E., C.W. Wood, P.L. Chaney, and J.F. Queiroz. 2010. Role of Aquaculture Pond Sediments in 
Sequestration of Annual Global Carbon Emissions. Environmental Pollution 158(8):2537–2540.  

Brown, C. L., D. M. Power, and J. M. Nunez. 2010. Disorders of Development in Fish. In Fish Diseases 
and Disorders Vol 2: Non-infectious Disorders, edited by J.F. Leatherland and P.T.F. Woo. CAB 
International Publishing, pp. 166–181.  

Brown, C.L., E.M. Vera Cruz, R.B. Bolivar, and R.J. Borski. 2012. Production, Growth, and Insulin-Like 
Growth Factor-I (IGF-I) Gene Expression as an Instantaneous Growth Indicator in Nile Tilapia 
Oreochromis niloticus. In Functional Genomics in Aquaculture, edited by M. Sargolia and Z. Liu. 
Oxford, UK: John Wiley & Sons, Inc., pp. 79–89. 

Brown, C.L., T. Yang, K. Fitzsimmons, R.B. Bolivar. 2014. The Value of Pig Manure as a Source of 
Nutrients for Semi-Intensive Culture of Nile Tilapia in Ponds (A Review). Agricultural Sciences 
5(12):1182–1193.  

Buccola, S., L. Qin, and R. Fare. 2011. What Influences the Success of Aquacultural Research Projects? 
In Better Science, Better Fish, Better Life Proceedings of the Ninth International Symposium on 
Tilapia in Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. Shanghai, China, pp. 167–
73.  

Bukenya, J. O. 2017. Assessment of Price Volatility in the Fisheries Sector in Uganda. Journal of Food 
Distribution Research 48(1):81–88. 

Bukenya, J. O. 2018. “Price Seasonality in the Catfish Value Chain in Uganda”. Professional Agricultural 
Workers Journal 6(1):13 - 25. 

Bukenya, J.O. 2017. Forecasting Farm-gate Catfish Prices in Uganda Using SARIMA Model. Fincance 
and Markets Journal.  



 

 
 

101 

Bukenya, J.O. and M.B. Ssebisubi. 2014. Price Integration in the Farmed and Wild Fish Markets in 
Uganda. Fisheries Science 80(6):1347–1358.  

Bukenya, J.O. and M.B. Ssebisubi. 2015. Price Transmission and Threshold Behavior in the African 
Catfish Supply Chain in Uganda. Journal of African Business 16(1–2):180–197. 

Bukenya, J.O., T.S. Hyuha, J.J. Molnar, and J. Twinamasiko. 2013. Efficiency of Resource Use among 
Pond Fish Farmers in Central Uganda: A Stochastic Frontier Production Function Approach. 
Aquaculture Economics & Management 17(2):148–170.  

Cabello, F.C. Cabello, F.C., H.P. Godfrey, A. Tomova, L. Ivanova, H. Dolz, A. Millanao, and A.H. 
Buschmann. 2013. Antimicrobial Use in Aquaculture Re-Examined: Its Relevance to Antimicrobial 
Resistance and to Animal and Human Health. Environmental Microbiology 15(7):1917–1942.  

Cao, L. W. Wang, Y. Chengtai, Y. Yi, J. Diana, A. Yakupitiyage, and L. Dapeng. 2007. Application of 
Microbial Phytase in Fish Feed. Enzyme and Microbial Technology 40(4):497–507.  

Cao, L. W. Wang, Y. Yi, Y. Chengtai, Y. Zonghui, X. Shanbo, and J.S. Diana. 2007. Environmental 
Impact of Aquaculture and Countermeasures to Aquaculture Pollution in China. Environmental 
Science and Pollution Research International 14(7):452–462.  

Cao, L., J.S. Diana, and G.A. Keoleian. 2013. Role of Life Cycle Assessment in Sustainable Aquaculture. 
Reviews in Aquaculture 5(2):61–71.  

Cao, L., J.S. Diana, G.A. Keoleian, and Q. Lai. 2011. Life Cycle Assessment of Chinese Shrimp Farming 
Systems Targeted for Export and Domestic Sales. Environmental Science and Technology 
45(15):6531–6538.  

Cao, L., Y. Yi, W.M. Wang, A. Yakupitiyage, D.R. Yuan, and J.S. Diana. 2008. Effects of Pretreatment 
with Microbial Phytase on Phosphorous Utilization and Growth Performance of Nile Tilapia 
(Oreochromis niloticus). Aquaculture Nutrition 14(2):99–109.  

Cao, X.J. and W.M. Wang. 2010. Haematological and Biochemical Characteristics of Two Aquacultured 
Carnivorous Cyprinids, Topmouth Culter culter alburnus (Basilewsky) and Yellowcheek Carp 
Elopichthys bambusa (Richardson). Aquaculture Research 41(9):1331–1338.  

Cao, X.J., C. Zeng, W. Luo, Y. Gul, L. Cui, and W.M. Wang.2012. Hemolymph Profiles of Pond-Reared 
and Lake Pen-Cultured Adult Chinese Mitten Crab, Eriocheir sinensis H. Milne Edwards, 1853. 
Indian Journal of Fisheries 59(1):95–101.  

Cao, X.J., W.M. Wang, and F. Song. 2011. Anatomical and Histological Characteristics of the Intestine of 
the Topmouth Culter (Culter alburnus). Journal of Veterinary Medicine Series C: Anatomia 
Histologia Embryologia 40(4):292–298. 

Chen, J., Q. Lai, S. Su, and Y. Ke. 2012. Study on Variation Characteristics and Correlation Analysis of 
Major Ecological Factors in Intensive Shrimp Ponds. South China Fisheries Science 8(4):49–56.  

Chepkirui-Boit, V., C.C. Ngugi, J. Bowman, E. Okoth-Oyoo, J. Rasowo, J. Mugo-Bundi, and L. Cherop. 
2011. Growth Performance, Survival, Feed Utilization and Nutrient Utilization of African Catfish 
(Clarias gariepinus) Larvae Co-Fed Artemia and a Micro-Diet Containing Freshwater Atyid 
Shrimp (Caridina nilotica) during Weaning. Aquaculture Nutrition 17(2): e82–89. 

Chopin, T., J.A. Cooper, G. Reid, S. Cross, and C. Moore. 2012. Open-Water Integrated Multi-Trophic 
Aquaculture: Environmental Biomitigation and Economic Diversification of Fed Aquaculture by 
Extractive Aquaculture. Reviews in Aquaculture 4(4):209–220. 

Chow, M., H.S. Egna, and J. West. 2017. Towards Assessing Gender Aquaculture Publications 
Authorship. Asian Fisheries Science Special Issue 30S:129–41.  

Chow, M., L.A. Cramer, and H.S. Egna. 2016. Gender Dimensions in Disaster Management: Implications 
for Coastal Aquaculture and Fishing Communities in the Philippines. In Responses to Disasters and 
Climate Change: Understanding Vulnerability and Fostering Resilience, edited by M. Companion 
and M.S. Chaiken. Boca Raton, FL: Taylor & Francis, pp. 159–172.  

Chunyu, L., L. Qiuming, C. Jinling, and S. Shuye. 2011. Application of Water Treatment Techniques in 
Shrimp Farming. Ocean and Fisheries. 

Contreras-García, M. J., .M. Contreras-Sánchez, A. Mcdonal-Vera, U. Hernández-Vidal, C.A. Álvarez-
González, S. Páramo-Delgadillo, and J.M. Vidal López. 2010. Reproductive Variation in Wild 



 

 
 

102 

Females of Centropomus parallelus by Using the Diameter of Oocytes. Aquaculture Research 
17(31):49–54.  

Contreras-García, M.J., W.M. Contreras-Sanchez, U. Hernández-Vidal, and A. Mcdonald-Vera. 2015. 
Induced Spawning of the Common Snook (Centropomus undecimalis) in Captivity Using GnRH-a 
Implants. Ecosistemas Y Recursos Agropecuarios 2(6):357–362 

Contreras-Sanchez, W.M. and K. Fitzsimmons. 2006. Tilapia, Sustainable Aquaculture from the New 
Millennium. Proceedings 7th International Symposium on Tilapia Aquaculture (ISTA 7). Boca Del 
Rio, Veracruz, Mexico 6-8 September, 2006. American Tilapia Association and Aquaculture CRSP, 
389 pp. 

Crawford, B. M.D. Herrera, N. Hernandez, C.R. Leclair, N. Jiddawi, S. Masumbuko, and M. Haws. 2010. 
Small Scale Fisheries Management: Lessons from Cockle Harvesters in Nicaragua and Tanzania. 
Coastal Management 38(3):195–215.  

Cruz, P.S., M.N. Andalecio, R.B. Bolivar, and K. Fitzsimmons. 2008. Tilapia-Shrimp Polyculture in 
Negros Island, Philippines: A Review. Journal of the World Aquaculture Society 39(6):713–725.  

Dabrowski, K., M. Arslan, J. Rinchard, and M.E. Palacios. 2008. Growth, Maturation, Induced Spawning, 
and Production of the First Generation of South American Catfish, Pseudoplatystoma Sp., in North 
America. Journal of the World Aquaculture Society 39(2):174–183.  

Dai, B.P., T.T.M. Thu, and T.T.T. Hien. 2014. Investigations of Types of Products from Snakehead Fish 
(Channa striata) and Their Production Process in An Giang Province. Can Tho University Journal 
of Science 1:36–41.  

Darko, F.A., K.K. Quagrainie, and S. Chenyambuga. 2016. Consumer Preferences for Farmed Tilapia in 
Tanzania: A Choice Experiment Analysis. Journal of Applied Aquaculture 28(3):131–143.  

Deck, C.A., J.L. Honeycutt, E. Cheung, H.M. Reynolds, and R.J. Borski. 2017. Assessing the Functional 
Role of Leptin in Energy Homeostasis and the Stress Response in Vertebrates. Frontiers in 
Endocrinology 8:63.  

Diana, J.S. 2009. Aquaculture Production and Biodiversity Conservation. BioScience 59(1):27–38.  
Diana, J.S. 2012. Is Lower Intensity Aquaculture a Valuable Means of Producing Food? An Evaluation of 

Its Effects on Near-Shore and Inland Waters. Reviews in Aquaculture 4(4):234–245.  
Diana, J.S., F.H. Tain, V.S. Schwantes, and M. Clarke. 2009. Outreach Assessment: Studies to Examine 

Aquaculture Links to Thai Communities. Global Aquaculture Advocate 12(6):10–12.  
Diana, J.S., H.S. Egna, T. Chopin, M.S. Peterson, L. Cao, R. Pomeroy, M. Verdegem, W.T. Slack, M.G. 

Bondad-Reantaso, and F. Cabello. 2013. Responsible Aquaculture in 2050: Valuing Local 
Conditions and Human Innovations Will Be Key to Success. BioScience 63(4):255–262.  

Douros, J.D., D.A. Baltzegar, J. Mankiewicz, J. Taylor, Y. Yamaguchi, D.T. Lerner, A.P. Seale, E.G. 
Grau, J.P. Breves, and R.J. Borski. 2017. Control of Leptin by Metabolic State and Its Regulatory 
Interactions with Pituitary Growth Hormone and Hepatic Growth Hormone Receptors and Insulin 
like Growth Factors in the Tilapia (Oreochromis mossambicus). General and Comparative 
Endocrinology 240:227–237.  

Douros, J.D., D.A. Baltzegar, J.P. Breves, D.T. Lerner, A.P. Seale, E.G. Grau, and R.J. Borski. 2014. 
Prolactin is a Major Inhibitor of Hepatic Leptin a Synthesis and Secretion: Studies Utilizing a 
Homologous Leptin A ELISA in the Tilapia. General and Comparative Endocrinology 207:86–93.  

Duc, N. M. 2008. Aquaculture and Happiness – A Microeconometric Analysis in Vietnam. Proceedings 
of the Fourteenth Biennial Conference of the International Institute of Fisheries Economics & Trade, 
July 22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable Future: Managing Aquaculture, 
Fishing, Trade and Development, edited by J. Mumford and A. Leach. Corvallis, Oregon: 
International Institute of Fisheries Economics & Trade.  

Duc, N. M. and H. Kinnucan. 2008. Effects of US Antidumping under the Byrd Amendment: The Case of 
Catfish. Proceedings of the Fourteenth Biennial Conference of the International Institute of 
Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable 
Future: Managing Aquaculture, Fishing, Trade and Development, edited by J. Mumford and A. 
Leach. Corvallis, Oregon: International Institute of Fisheries Economics & Trade.  



 

 
 

103 

Duffy, T.A., M.E. Picha, R.J. Borski, and D.O. Conover. 2013. Circulating Levels of Plasma IGF-I during 
Recovery from Size-Selective Harvesting in Menidia menidia. Comparative Biochemistry and 
Physiology - A Molecular and Integrative Physiology 166(2):222–227.  

Dung, N.M. and T.T.T Hien. 2017. Assessment of faecal collection methods for determination of 
digestibility of snakehead fish (Channa striata) with protein feed ingredients sources. Journal of 
Vietnam Agricultural Science and Technology 8(81): 114-120. 

Dung, N.M., Châu, N.T.L., Tâm, B.M., Nga, P.T.T., Hien, T.T.T. 2017. Digestive enzyme activities of 
snakehead (Channa striata) larvae from early hatching to 35 days with different diets. Can Tho 
University Journal of Science. (49):84-90.  

Edwards, P., H. Egna, S. Ichien, and J. Borberg. 2014. Value Chain Analysis Helps Overcome Gender 
Barriers in Aquaculture. Global Aquaculture Advocate 17(5): 70-72.  

Egna, H.S., L. Reifke, and N. Gitonga. 2012. Improving Gender Equity in Aquaculture Education and 
Training: 30 Years of Experiences in the Pond Dynamics/Aquaculture, Aquaculture, and AquaFish 
Collaborative Research Support Programs. Asian Fisheries Science 25S:119–128.  

Elao, R., M.C. Haws, and M.D. Herrera. 2012. Chame (Dormitator latifrons) Aquaculture in Cojimies 
Estuary: An Option for Livelihood Diversification in Rural Ecuador. In Enterprise Strategies for 
Coastal and Marine Conservation: A Review of Best Practices and Lessons Learned, edited by T. 
Elin and J. Tobey, Coastal Resources Center, University of Rhode Island, pp. 66-69.  

Engle, C.R. 2006. Marketing and Economics. In Tilapia: Biology, Culture, and Nutrition, edited by C. 
Lim and C. D. Webster. Binghamton, NY: The Haworth Press, Inc, pp. 619–644.  

Engle, C.R., K. Quagrainie, and M.M. Dey. 2016. Seafood and Aquaculture Marketing Handbook. 2nd ed. 
Chichester, UK: Wiley Blackwell, 468 pp.  

Fishy, A. 2018. Lull break of the day; a single, able crow soars observing the pond. Pond Dynamics and 
Innovation. 30(2): 12-34.  

Fitzsimmons, K. 2006. Harvest, Handling, and Processing. In Tilapia: Biology, Culture, and Nutrition, 
edited by C. D. Webster and C. Lim. Binghamton, NY: The Haworth Press, Inc, pp. 607–618.  

Fitzsimmons, K. 2006. Prospect and Potential for Global Production. In Tilapia: Biology, Culture, and 
Nutrition, edited by C. D. Webster and C. Lim. Binghamton, NY: The Haworth Press, Inc, pp. 51–
73.  

Fitzsimmons, K. 2006. Tilapia Production in China: Huge Output Balanced by Huge Consumption. 
Global Aquaculture Advocate, January/February 2008: 58–59.  

Fitzsimmons, K. 2008. Aquaculture Restoration in the Tsunami Zone, Ach Province, Indonesia. World 
Aquaculture 39(1):41–43, 66.  

Fitzsimmons, K. 2008. Food Safety, Quality Control in Tilapia Products. Global Aquaculture Advocate, 
January/February 2008: 42–44.  

Fitzsimmons, K. 2010. Tilapia Update 2010. The Practical Asian Aquaculture 1(2):32–34. 
Fitzsimmons, K. and P. Gonzalez-Alanis. 2006. Future Expansion of Global Supplies and Markets for 

Tilapia Products-2006. In Proceedings for the 7th International Symposium on Tilapia in 
Aquaculture (ISTA 7), edited by W. M. Contreras-Sanchez and K. Fitzsimmons. Vera Cruz, 
Mexico, 312 pp.  

Fitzsimmons, K., K. Alghanim, and S. Naim. 2009. Tilapia Production, Market Report: Production, 
Consumption Increase Despite Economic Downturn. Global Aquaculture Advocate 12(2):67–70.  

Fitzsimmons, K., R. Martinez-García, and P. Gonzalez-Alanis. 2011. Why Tilapia is Becoming the Most 
Important Food Fish on the Planet. Better Science, Better Fish, Better Life Proceedings of the Ninth 
International Symposium on Tilapia (ISTA 9), pp. 8-17. 

Frimpong, E.A. and G. Anane-Taabeah. 2017. Social and Economic Performance of Tilapia Farming in 
Ghana. In Social and Economic Performance of Tilapia Farming in Africa, edited by J. Cai, K. K. 
Quagrainie, and N. Hishamunda. Rome, Italy: FAO Fisheries and Aquaculture, pp. 49–90.  

Frimpong, E.A. and I.E.M. Fynn. 2014. Tilapia Aquaculture in Ghana: Ponds Can Contribute More to 
Overall Production, Food Security. Global Aquaculture Advocate 17(4): 38-41. 



 

 
 

104 

Frimpong, E.A. Y.B. Ansah, S. Amisah, D. Adjei-Boateng, N.W. Agbo, and H. Egna. 2014. Effects of 
Two Environmental Best Management Practices on Pond Water and Effluent Quality and Growth 
of Nile Tilapia, Oreochromis niloticus. Sustainability 6(2):652–675.  

Gao, Z.X., W. Wang, K. Abbas, X. Zhou, Y. Yi, J.S. Diana, H. Wang, H. Wang, Y. Li, and Y. Sun. 2007. 
Haematological Characterization of Loach Misgurnus anguillicaudatus: Comparison among 
Diploid, Triploid and Tetraploid Specimens. Comparative Biochemistry and Physiology - A 
Molecular and Integrative Physiology 147(4):1001–1008.  

Gao, Z.X., W. Wang, Y. Yang, K. Abbas, L. Dapeng, Z. Guiwei, and J.S. Diana. 2007. Morphological 
Studies of Peripheral Blood Cells of the Chinese Sturgeon, Acipenser sinensis. Fish Physiology and 
Biochemistry 33(3):213–222. 

Gen-ding, Y., J.M., X. Bin, D. Xilin, G. Deping, and H. Weiguo. 2010. Relevance Analysis of Organic 
Pollutants Parameters in Ponds of Litopenaeus vannamei Culturing. Freshwater Fisheries 40(2):67–
69.  

Githukia, C.M., K.O. Obiero, J.O. Manyala, C.C. Ngugi, and K.K. Quagrainie. 2014. Consumer 
Perceptions and Preferences of Wild and Farmed Nile Tilapia (Oreochromis niloticus L.) and 
African Catfish (Clarias gariepinus Burchell 1822) in Urban Centres in Kenya Methodology. 
International Journal of Advanced Research 2(7):694–705.  

Goodwin, B. and L. Carroll. 2016. Fish Fill Ponds, Plates, and Pocketbooks in Nepal. USAID Feed the 
Future Newsletter, Issue 56, November 2016. 

Gorospe, K.D., W. Michaels, R. Pomeroy, C. Elvidge, P. Lynch, S. Wongsbusarakum, and R.E. Brainard. 
2016. The Mobilization of Science and Technology Fisheries Innovations towards an Ecosystem 
Approach to Fisheries Management in the Coral Triangle and Southeast Asia. Marine Policy 
74:143–152.  

Grimm-Greenblatt, J.R. Pomeroy, B. Bravo-Ureta, L.X. Sinh, H.V. Hien, and T. Getchis. 2015. Economic 
Analysis of Alternative Snakehead Channa striata Feed. Aquaculture Economics & Management 
19(2):192–209.  

Gul, Y., Z.X. Gao, X.Q. Qian, and W.M. Wang. 2011. Haematological and Serum Biochemical 
Characterization and Comparison of Wild and Cultured Northern Snakehead (Channa argus Cantor, 
1842). Journal of Applied Ichthyology 27(1):122–128.  

Gurung, S., M.K. Shrestha, and N.P. Pandit. 2013. Nitrogen and Phosphorous Budget Analysis of Carp 
Based Polyculture Ponds in Chitwan, Nepal. Our Nature 11(2):116–125.  

Haque, S.M., S.B. Satu, M. Rahman, H.S. Egna, S. Salger, and R.J. Borski. 2017. Improving the 
Livelihood for Marginalized Women’s Households in Southwest Bangladesh through Aquaculture. 
Asian Fisheries Science Special Issue 30S:327–332.  

Haque, S.M., Sarkar, C.C., Khatun, S. and K.A. Sumon. 2017.  Toxic effects of agro-pesticide 
cypermethrin on histological changes of kidney in Tengra, Mystus tengara. Asian Journal of 
Medical and Biological Research.  

Haws, M., C.B. Crawford, S.C. Ellis, N. Jiddawi, A. Mmochi, E. Gaxiola-Camacho, G. Rodriguez-
Dominguez, G. Rodriguez, J. Francis, C. Rivas-LeClair, A. Saborio-Coze, N. Hernandez, E.  
Sandoval, K. Dabrowski, M.C. Portella, and M. Jaroszewska. 2010. Aquaculture Research and 
Development as an Entry-Point and Contributor to Natural Resources and Coastal Management. 
Coastal Management 38:238–261.  

Hernández-Vidal, U., J. Lesher-Gordillo, W.M. Contreras-Sanchez, and X. Chiappa-Carrara. 2014. 
Genetic Variability of the Common Snook Centropomus undecimalis (Perciformes: Centropomidae) 
in Connected Marine and Riverine Environments. Revista de Biología Tropical 62(2):627–636.  

Hernandez-Vidal, U., X. Chiappa-Carrara, and W. Contreras-Sanchez. 2014. Reproductive Variability of 
the Common Snook, Centropomus undecimalis, in Environments of Contrasting Salinities 
Interconnected by the Grijalva–Usumacinta Fluvial System. Ciencias Marinas 40(3):173–185.  

Hien, H.V., Hien, T.T.T., Duc, P.M., and R.S. Pomeroy. 2018. Analysis of efficiency of snakeahead 
(Channa striata) model culturing in earthen pond in the Mekong Delta. Journal of Vietnam 
Agricultural Science and Technology 88(3): 107-112. 



 

 
 

105 

 Hien, H.V., Quyen, N.T.K., Phu, T.M., Hien, T.T.T., Due, P.M. 2018. Survey of fish consumption by 
women and children in An Giang province. Journal of Vietnam Agricultural Science and 
Technology. 86(1): 106-112. 

Hien, T. T. T., Duc, P. M., Nen, P., Navy, H., Phen, C., Nam, S., Pomeroy, R.S., Bengtson, D. A. (2018). 
Alternative Feeding Strategies and Feed Ingredients for Snakehead Farming in Cambodia and 
Vietnam. World Aquaculture, 49(2), 49–53.  

Hien, T.T.T., B.M. Tam, T.L.C. Tu, and D.A. Bengtson. 2017. Weaning Methods Using Formulated 
Feeds for Snakehead (Channa striata and Channa micropeltes) Larvae. Aquaculture Research 
48(9):4774–4782.  

Hien, T.T.T., L. Q. Toan, T.T. Be, and N.H. Trung. 2010. Replacing Fish Meal by Soybean Meal in Giant 
Snakehead (Channa micropeltes) Diets. The Scientific Journal of Can Tho University. 

Hien, T.T.T., L.C.T. Trần, V.T. Nguyễn, B.T. Nguyễn, M.P. Trần, M.D. Phạm, and D. Bengtson. 2014. 
Replacing Fishmeal by Some of Soy Protein Sources in Feed for Snakehead (Channa striata). Can 
Tho University Journal of Science 1:310–318.  

Hien, T.T.T., N.H.D. Trung, B.M. Tam, V.M.Q. Chau, N.H. Huy, C.M. Lee, and D.A. Bengtson. 2016. 
Replacement of Freshwater Small-Size Fish by Formulated Feed in Snakehead (Channa striata) 
Aquaculture: Experimental and Commercial-Scale Pond Trials, with Economic Analysis. 
Aquaculture Reports 4:42–47.  

Hien, T.T.T., N.T.C. Duyen, T.L.C. Tu, N.V. Khanh, and T.M. Phu. 2018. Dietary Methionine and 
Lysine Requirement of Snakehead (Channa striata) Fingerlings. International Journal of Scientific 
and Research Publications 8(8):795–805. 

Hien, T.T.T., P.M. Duc, T.T.L. Cam, P.T. Minh, T.D.T. Mai, and D.A. Bengtson. 2016. Growth 
Performance and Immune Response of Snakehead, Channa striata (Bloch 1793) Fed Soy Diets 
with Supplementation of Mannan Oligosaccharides. Asian Fisheries Society 29(2):67–81.  

Hien, T.T.T., T.D. Dinh, T.M. Phu, and D.A. Bengtson. 2015. Assessment of the Trash-Fish Diet for 
Snakehead Aquaculture in Vietnam: Species Composition and Chemical Characterisation. Asian 
Fisheries Science 28:165–173. 

Hien, T.T.T., T.M. Phu, T.L.C. Tu, N.V. Tien, P.M. Duc, and D.A. Bengtson. 2017. Effects of Replacing 
Fish Meal with Soya Protein Concentrate on Growth, Feed Efficiency and Digestibility in Diets for 
Snakehead, Channa striata. Aquaculture Research 48(6):3174–3181.  

Hien, T.T.T., T.T. Be, C.M. Lee, and D.A. Bengtson. 2015. Development of Formulated Diets for 
Snakehead (Channa striata and Channa micropeltes): Can Phytase and Taurine Supplementation 
Increase Use of Soybean Meal to Replace Fish Meal? Aquaculture 448:334–340.  

Hung, L.T., V.C. Luong, N.P. Hoa, and J.S. Diana. 2011. Impacts of the Introduction of Alien Tilapias 
(Oreochromis Spp.) on the Fisheries and Biodiversity of Indigenous Species in Tri An Reservoir, 
Vietnam. In Better Science, Better Fish, Better Life Proceedings of the Ninth International 
Symposium on Tilapia in Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. Shanghai, 
China, pp. 75–85.  

Huso, H. 2017. The Rearing of Aquatic Animals Especially Those that are Palatable Though Seems Easy 
Enough is Actually Quite Tough and Will Make You Think Twice About Not Being a Cannibal. 
DOI: 94320008d72d.98711hd. 

Huynh, V.H., S. Le Xuan, and D.C. Nguyen. 2010. Role of Fishing Activities to the Households in 
Flooded Areas of the Mekong Delta. Scientific Magazine of Can Tho University, Special Issue, 
June 2010 [in Vietnamese]. 

Hyuha, T.S., J.O. Bukenya, J. Twinamasiko, and J.J. Molnar. 2011. Profitability Analysis of Small Scale 
Aquaculture Enterprises in Central Uganda. International Journal of Fisheries and Aquaculture 
3(15):271–278.  

Hyuha, T.S., W. Ekere, H.S. Egna, and J.J. Molnar. 2017. Social and Economic Performance of Tilapia 
Farming in Uganda. In Social and Economic Performance of Tilapia Farming in Africa, edited by J. 
Cai, K.K. Quagrainie, and N. Hishamunda. Rome, Italy: FAO Fisheries and Aquaculture, pp. 127–
144. 



 

 
 

106 

Islam, M.N., M.A.B. Bhuyain, M.A. Mannan, M.I. Hossain, and M.L. Ali. 2013. Study on Environmental 
Implications and Its Impact on Aquatic Productivity in the Southwest Coastal Region. Journal of 
Environmental Science and Natural Resources 6(2):71–78.  

Jamandre, W.E., U. Hatch, R.B. Bolivar, and R.J. Borski. 2011. Improving the Supply Chain of Tilapia 
Industry of the Philippines. In Better Science, Better Fish, Better Life Proceedings of the Ninth 
International Symposium on Tilapia in Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. 
Shanghai, China, pp. 132-150.  

Jaroszewska, M. and K. Dabrowski. 2008. Morphological Analysis of the Functional Design of the 
Connection between the Alimentary Tract and the Gas Bladder in Air-Breathing Lepisosteid Fish. 
Annals of Anatomy - Anatomischer Anzeiger 190(4):383–390.  

Jaroszewska, M., K. Dabrowski, and G. Rodriguez. 2010. Development of Testis and Digestive Tract in 
Longnose Gar (Lepisosteus osseus) at the Onset of Exogenous Feeding of Larvae and in Juveniles. 
Aquaculture Research 41(10):1486–1497.  

Jha, S., S. Rai, M.K. Shrestha, J.S. Diana, R.B. Mandal, and H.S. Egna. 2018. Production of periphyton to 
enhance yield in polyculture ponds with carps and small indigenous species. Aquaculture Reports 
9:74-81. 

Jha, S.K., J.D. Bista, N.P. Pandit, M.K. Shrestha, and J.S. Diana. 2017. Successful Breeding of Sahar Tor 
putitora in Sub-Tropical Nepal. World Aquaculture Magazine 48(2):54–58.  

Jiang, M., G. Yu, X. Dai, L. Liu, D. Gu, W. Hu, and J.S. Diana. 2010. Multivariate Statistical Analysis of 
Chlorophyll-a and Water Quality Parameters in Ponds of Litopenaeus vannamei Culturing. Journal 
of Fisheries of China 34(11):1712–1718.  

Jiménez-Martínez, L.D., C.A. Alvarez-González, W.M. Contreras-Sánchez, G. Marquez-Couturier, L.  
Arias-Rodríguez, and J.A. Almeida-Madrigal. 2009. Evaluation of Larval Growth and Survival in 
Mexican Mojarra, Cichlasoma urophthalmus, and Bay Snook, Petenia splendida, under Different 
Initial Stocking Densities. Journal of the World Aquaculture Society 40(6):753–761.  

Johnstone, W.M., K.A. Mills, R.A. Alyea, P. Thomas, and R.J. Borski. 2013. Characterization of 
Membrane Receptor Binding Activity for Cortisol in the Liver and Kidney of the Euryhaline 
Teleost, Mozambique Tilapia (Oreochromis mossambicus). General and Comparative 
Endocrinology 192:107–114.  

Kabir Chowdhury, M.A., Y. Yi, C.K. Lin, and E.R. El-Haroun. 2006. Effect of Salinity on Carrying 
Capacity of Adult Nile Tilapia Oreochromis niloticus L. in Recirculating Systems. Aquaculture 
Research 37(16):1627–1635.  

Kaliba, A.R., C.C. Ngugi, J.M. MacKambo, and K.K. Quagrainie. 2007. Economic Profitability of Nile 
Tilapia (Oreochromis niloticus L.) Production in Kenya. Aquaculture Research 38(11):1129–1136.  

Kaliba, A.R., K.K. Quagrainie, K.O. Osewe, E. Senkondo, B. Mnembuka, and S. Amisah. 2007. Potential 
Effect of Aquaculture Promotion on Poverty Reduction in Sub-Saharan Africa. Aquaculture 
International 15(6):445–459.  

Kaliba, A.R., K.O. Osewe, E.M. Senkondo, B.V. Mnembuka, and K.K. Quagrainie. 2006. Economic 
Analysis of Nile Tilapia (Oreochromis niloticus) Production in Tanzania. Journal of the World 
Aquaculture Society 37(4):464–473.  

Kaliba, A.R., S. Amisah, L. Kumah, and K.K. Quagrainie. 2007. Economic Analysis of Nile Tilapia 
Production in Ghana. Quarterly Journal of International Agriculture 46(2):105–117.  

Kasiga, T. and R.T. Lochmann. 2014. Nutrient Digestibility of Reduced-Soybean-Meal Diets Containing 
Moringa or Leucaena Leaf Meals for Nile Tilapia, Oreochromis niloticus. Journal of the World 
Aquaculture Society 45(2):183–191.  

Kasiga, T., R. Chen, T.D. Sink, and R.T. Lochmann. 2014. Effects of Reduced Soybean-Meal Diets 
Containing Moringa oleifera or Leucaena leucocephala Leaf Meals on Growth Performance, 
Plasma Lysozyme, and Total Intestinal Proteolytic Enzyme Activity of Juvenile Nile Tilapia, 
Oreochromis niloticus, in Outdoor Tank. Journal of the World Aquaculture Society 45(5):508–522.  

Khatun, M.M., D. Kamal, K. Ikejima, and Y. Yi. 2009. Comparisons of Growth and Economic 
Performance among Monosex and Mixed-Sex Culture of Red Mud Crab (Scylla olivacea Herbst, 



 

 
 

107 

1796) in Bamboo Pens in the Tidal Flats of Mangrove Forests, Bangladesh. Aquaculture Research 
40(4):473–185.  

Kiilerich, P., C.K. Tipsmark, R.J. Borski, and S.S. Madsen. 2011. Differential Effects of Cortisol and 11-
Deoxycorticosterone on Ion Transport Protein mRNA Levels in Gills of Two Euryhaline Teleosts, 
Mozambique Tilapia (Oreochromis mossambicus) and Striped Bass (Morone saxatilis). The Journal 
of Endocrinology 209(1):115–126.  

Kubicek, K.M. , Álvarez-González, C.A. , Martínez-García, R., Contreras-Sánchez, W.M., Pohlenz, C., 
and Kevin W. Conway. 2018. Larval development of the Mexican Snook, Centropomus poeyi 
(Teleostei: Centropomidae). Neotropical Ichthyology 16 (1). 

Kuria, G.M., C.C. Ngugi, and E. Oyoo-Okoth. 2012. Dynamic of Stress Response in Victoria Labeo 
(Labeo victorianus) during Transfer from the Hatchery to Cages and Ponds under Differential 
Caged Stocking Densities. International Journal of Science and Research 3(9):311–15.  

Lam, M. T., Duc, P. M., & Hien, T. T. T. (2018). Effects of Vitamin C on growth and immune parameters 
of snakehead culture in hapa. Journal of Vietnam Agricultural Science and Technology, 89(4), 109–
114. 

Leyva, C.M. and C.R. Engle. 2008. Optimizing Tilapia, Oreochromis Sp., Marketing Strategies in 
Nicaragua: A Mixed-Integer Transshipment Model Analysis. Journal of the World Aquaculture 
Society 39(3):339–351.  

Leyva, C.M., C.R. Engle, and Y.S. Wui. 2006. A Mixed-Integer Transshipment Model for Tilapia 
(Oreochromis Sp.) Marketing in Honduras. Aquaculture Economics & Management 10(3):245–264. 

Li, J., X. Chen, Q. Lai, J. Chen, and S. Shuye. 2010. Study on Nitrogen and Phosphorus Budgets and 
Production Performance in Higher-Place Pond of Litopenaeus vannamei. South China Fisheries 
Science 6(5):13–20.  

Li, K.. J. Min, D. Xi Lin, L. Liu, H. Weigo, and J. Diana 2012. Comparative Analysis of Water Quality in 
Litopenaeus vannamei Ponds and Nutritional Quality of Shrimp Muscle. Journal of Shanghai Ocean 
University 21(6):955–964.  

Li, Y. W. Wang, X. Liu, W. Luo, J. Zhang, and Y. Gul. 2011. DNA Extraction from Crayfish 
Exoskeleton. Indian Journal of Experimental Biology 49(12):953–957.  

Li, Y. X. Guo, X. Cao, W. Deng, W. Luo, and W. Wang. 2012. Population Genetic Structure and Post-
Establishment Dispersal Patterns of the Red Swamp Crayfish Procambarus clarkii in China. PLoS 
ONE 7(7): e40652.  

Li, Y., W. Deng, K. Yang, and W.M. Wang. 2012. The Expression of Prophenoloxidase mRNA in Red 
Swamp Crayfish, Procambarus clarkii, When It Was Challenged. Genomics 99(6):355–360.  

Li, Y., X. Guo, L. Chen, X. Bai, X. Wei, X. Zhou, S. Huang, and W. Wang. 2015. Inferring Invasion 
History of Red Swamp Crayfish (Procambarus clarkii) in China from Mitochondrial Control 
Region and Nuclear Intron Sequences. International Journal of Molecular Sciences 16(7):14623–
14639.  

Lian, P., C.M. Lee, and D.A. Bengtson. 2008. Development of a Squid-Hydrolysate-Based Larval Diet 
and Its Feeding Performance on Summer Flounder, Paralichthys dentatus, Larvae. Journal of the 
World Aquaculture Society 39(2):196–204.  

Licamele, J. K. Fitzsimmons. and. 2009. Aquaculture in Guyana: Tilapia, Pacu, Shrimp Raised with Plant 
Crops. Global Aquaculture Advocate 12(2):83–84.  

Lim, C. and C.D. Webster. 2006. Tilapia: Biology, Culture, and Nutrition. edited by C. Lim and C. D. 
Webster. Binghamton, NY: CRC Press, 704 pp.  

Lim, C., M. Yildirim-Aksoy, T. Welker, and K.L. Veverica. 2006. Effect of Feeding Duration of Sodium 
Chloride-Containing Diets on Growth Performance and Some Osmoregulatory Parameters of Nile 
Tilapia, Oreochromis niloticus, After Transfer to Water of Different Salinities. Journal of Applied 
Aquaculture 18(4):1–17.  

Liti, D. 2009. The Potential for Culture of Nile Tilapia and African Catfish in the River Njoro Watershed. 
Global Livestock CRSP Research Brief 09-08-SUMAWA, April 2009.  



 

 
 

108 

Liu, L. X. Su, T. Chen, K. Li, J. Zhan, H. Egna, and J. Diana. 2015. Evidence of Rapid Transfer and 
Bioaccumulation of Microcystin-LR Poses Potential Risk to Freshwater Prawn Macrobrachium 
rosenbergii (de Man). Aquaculture Research 47(10):3088–3097.  

Liu, L., J. Queiroz, and C. Boyd. 2014. Pond Bottom Dryout, Liming. Global Aquaculture Advocate 
17(4):34-35. 

Liu, L., K. Li, Y. Yue, J. Yan, Y. Yi, and J. Diana. 2011. The Dangers of Microcystins in Aquatic 
Systems and Progress of Research into Their Detection and Elimination. World Aquaculture 
42(2):53–57, 69.  

Liu, L., L. Kang, C. Taoying, X. Dai, J. Min, and J. Diana. 2011. Effects of Microcystis aeruginosa on 
Life History of Water Flea Daphnia magna. Chinese Journal of Oceanology and Limnology 
29(4):892–897.  

Liu, L., Z. Hu, X. Dai, and Y. Avnimelech. 2014. Effects of Addition of Maize Starch on the Yield, 
Water Quality and Formation of Bioflocs in an Integrated Shrimp Culture System. Aquaculture 
418–419:79–86.  

Lochmann, R.T. and T.D. Sink. 2007. An Enzyme-Linked Immunosorbent Assay Is Not Effective for 
Sampling Blood Plasma Insulin Concentrations in Red Pacu, Piaractus brachypomus and Black 
Pacu, Colossoma macropomum. Journal of Fisheries International 2(3):219–221.  

Lopez-Ramirez, G., C.A. Cuenca-Soria, C.A. Alvarez-Gonzalez, D. Tovar-Ramirez, J.L. Ortiz-Galindo, 
N. Peralez-Garcia, G. Marquez-Couturir, L. Arias-Rodriguez, J.R. Indy, W.M. Contreras- Sanchez, 
E. Gisbert, and F.J Moyano. 2011. Development of Digestive Enzymes in Larvae of Mayan Cichlid 
Cichlasoma urophthalmus. Fish Physiology and Biochemistry 37(1):197–208.  

Lu, C., Q. Lai, J. Chen, and S. Su. 2011. Application of Water Treatment Techniques in Shrimp Farming. 
Ocean and Fisheries (in Chinese). 

Mac’Were, E.O., C.C. Ngugi, and K.L. Veverica. 2006. Yields and Economic Benefits of Tilapia 
(Oreochromis niloticus) and Catfish (Clarias gariepinus) Polyculture in Ponds Using Locally 
Available Feeds. Journal of East African Natural Resources Management 1(2):1–13.  

Madriaga, L.B. and R.B. Bolivar. 2006. Sugarcane Bagasse as Periphyton Substrate in the Culture of Nile 
Tilapia (Oreochromis niloticus) in Fertilized Ponds. In Proceedings for the 7th International 
Symposium on Tilapia in Aquaculture (ISTA 7), edited by W.M. Contreras-Sanchez and K. 
Fitzsimmons. Vera Cruz, Mexico, 124 pp.  

Mandal, R.B., D.K. Jha, M.K. Shrestha, J. Pant, S. Rai, and N.P. Pandit. 2014. Cage-Pond Integration of 
African Catfish (Clarias gariepinus) and Nile Tilapia (Oreochromis niloticus) with Carps. 
Aquaculture Research 45(8):1311–1318.  

Mandal, R.B., S. Rai, M.K. Shrestha. D.K. Jha, N.P. Pandit, and S.K. Rai. 2016. Water Quality and Red 
Bloom Algae of Fish Ponds in Three Different Regions of Nepal. Our Nature 14(1):71–77.  

Manyala, J.O., R.S. Pomeroy, P. Nen, K. Fitzsimmons, M.K. Shrestha, and J.S. Diana. 2015. Low-cost 
tilapia production with fertilization and supplementary feeding. World Aquaculture 46(1):43-46. 

Martinez-Cordero, F.J., Q.S. Fong, and M.C. Haws. 2009. Marketing Extension and Outreach in Sinaloa, 
Mexico: A Preliminary Analysis of Preferences for Oysters. Marine Resource Economics 24(1):89–
95.  

Martinez-García, R. M.F. Cifuentes-Alonso, M.A.E. Botello, A.S.L. Torres, M. de J. Contreras-García, A. 
Macdonal-Vera, E. González-Arévalo, W.M. Contreras-Sánchez, and K. Fitzsimmons. 2011. 
Development of Sustainable Aquaculture Practices in Tabasco, Mexico Using Novel IAA 
Technology. In Better Science, Better Fish, Better Life Proceedings of the Ninth International 
Symposium on Tilapia in Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. Shanghai, 
China, pp. 151–57.  

Masese, F.O., M. Muchiri, and P.O. Raburu. 2009. Macroinvertebrate Assemblages as Biological 
Indicators of Water Quality in the Moiben River, Kenya. African Journal of Aquatic Science 
34(1):15–26.  



 

 
 

109 

Masese, F.O., P.O. Raburu, and M. Muchiri. 2009. A Preliminary Benthic Macroinvertebrate Index of 
Biotic Integrity (B-IBI) for Monitoring the Moiben River, Lake Victoria Basin, Kenya. African 
Journal of Aquatic Science 34(1):1–14.  

Matuha, M., J. Molnar, C.E. Boyd, and J.S. Terhune. 2016. The Role of Mobile Phones in Facilitating 
Aquaculture Development in Uganda. World Aquaculture 47(1): 39-46. 

Minoo, C. M., C.C. Ngugi, E. Oyoo-Okoth, A. Muthumbi, D. Sigana, R. Mulwa, and E.J. Chemoiwa. 
2016. Monitoring the Effects of Aquaculture Effluents on Benthic Macroinvertebrate Populations 
and Functional Feeding Responses in a Tropical Highland Headwater Stream (Kenya). Aquatic 
Ecosystem Health and Management 19(4):431–440.  

Mokoro, A., E. Oyoo-Okoth, C.C. Ngugi, J. Njiru, J. Rasowo, V. Chepkirui-Boit, and D. Manguya-
Lusega. 2014. Effects of Stocking Density and Feeding Duration in Cage-Cum-Pond-Integrated 
System on Growth Performance, Water Quality and Economic Benefits of Labeo victorianus 
(Boulenger 1901) Culture. Aquaculture Research 45(10):1672–1684.  

Molnar, J.J., L. Carrillo, F. Damian, C. Savaria, D. Meyer, S.A Triminio Meyer and E.W. Tollner. 2006. 
Exploring the Potential for Aquacultural Development to Promote Food Security Among 
Indigenous People in Guatemala. In Proceedings for the 7th International Symposium on Tilapia in 
Aquaculture (ISTA 7), edited by W. M. Contreras-Sanchez and K. Fitzsimmons. Vera Cruz, 
Mexico, pp. 297–298.  

Morrison, C.M., K. Fitzsimmons, and J.R. Wright. 2006. Atlas of Tilapia Histology. edited by C. Browdy. 
Baton Rouge, Louisiana: World Aquaculture Society.  

Mugo-Bundi, J., E. Oyoo-Okoth, C.C. Ngugi, D. Manguya-Lusega, J. Rasowo, V. Chepkirui-Boit, M. 
Opiyo, and J. Njiru. 2015. Utilization of Caridina nilotica (Roux) Meal as a Protein Ingredient in 
Feeds for Nile Tilapia (Oreochromis niloticus). Aquaculture Research 46(2):346–357.  

Naigaga, S., C.E. Boyd, P. Gaillard, and H.A. Abdelrahman. 2017. Assessing the Reliability of Water-
Test Kits for Use in Pond Aquaculture. Journal of the World Aquaculture Society 48(4):555–562.  

Navy, H., T. H. Minh, and R. Pomeroy. 2016. Assessing the Impacts of Climate Change on Snakehead 
Fish Value Chains in the Lower Mekong Basin of Cambodia and Vietnam. World Aquaculture 
Magazine 47(4):53–55.  

Navy, H., T.H. Minh, and R.S. Pomeroy. 2017. Impacts of Climate Change on Snakehead Fish Value 
Chains in the Lower Mekong Basin of Cambodia and Vietnam. Aquaculture Economics and 
Management 21(2):261–282.  

Ndanga, L.Z.B., K.K. Quagrainie, and J.H. Dennis. 2013. Economically Feasible Options for Increased 
Women Participation in Kenyan Aquaculture Value Chain. Aquaculture 414–415:183–190.  

Ndanga, L.Z.B., K.K. Quagrainie, C.C. Ngugi, and J. Amadiva. 2015. Application of Porter’s Framework 
to Assess Aquaculture Value Chain in Kenya. African Journal of Food, Agriculture, Nutrition, and 
Development 15(3):10118–10137.  

Neira, I., C.R. Engle, and C.C. Ngugi. 2009. Economic and Risk Analysis of Tilapia Production in Kenya. 
Journal of Applied Aquaculture 21(2):73–95.  

Ngugi, C.C., B. Nyandat, J.O. Manyala, and B. Wagude. 2017. Social and Economic Performance of 
Tilapia Farming in Kenya. In Social and Economic Performance of Tilapia Farming in Africa, 
edited by J. Cai, K. K. Quagrainie, and N. Hishamunda. Rome, Italy: FAO Fisheries and 
Aquaculture, pp. 91–111.  

Ngugi, C.C., E. Oyoo-Okoth, and M. Muchiri. 2017. Effects of Dietary Levels of Essential Oil (EO) 
Extract from Bitter Lemon (Citrus limon) Fruit Peels on Growth, Biochemical, Haemato-
Immunological Parameters and Disease Resistance in Juvenile Labeo victorianus Fingerlings 
Challenged with Aeromonas hydrop. Aquaculture Research 48(5):2253–2265.  

Ngugi, C.C., E. Oyoo-Okoth, J. Mugo-Bundi, P.S. Orina, E.J. Chemoiwa, and P.A. Aloo. 2015. Effects of 
Dietary Administration of Stinging Nettle (Urtica dioica) on the Growth Performance, Biochemical, 
Hematological and Immunological Parameters in Juvenile and Adult Victoria Labeo (Labeo 
victorianus) Challenged with Aeromonas hydrophila. Fish and Shellfish Immunology 44(2):533–
541.  



 

 
 

110 

Ngugi, C.C., E. Oyoo-okoth, J.O. Manyala, K. Fitzsimmons, and A. Kimotho. 2017. Characterization of 
the Nutritional Quality of Amaranth Leaf Protein Concentrates and Suitability of Fish Meal 
Replacement in Nile Tilapia Feeds. Aquaculture Reports 5:62–69.  

Ngugi, C.C., H.S. Egna, E. Oyoo-okoth, and J.O. Manyala. 2016. Growth, Yields and Economic Benefit 
of Nile Tilapia (Oreochromis niloticus) Fed Diets Formulated from Local Ingredients in Cages. 
International Journal of Fisheries and Aquatic Studies 4(6):191–195.  

Nguyen, L., P. Nguyen, T. Le, and C.U. Le Tat. 2008. Technical Approaches and Aquaculture 
Development Alternatives. Proceedings of the Fourteenth Biennial Conference of the International 
Institute of Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a 
Sustainable Future: Managing Aquaculture, Fishing, Trade and Development, edited by J. Mumford 
and A. Leach. Corvallis, Oregon: International Institute of Fisheries Economics & Trade.  

Nguyen, T.N.H., T.T.M. Thu, and T.T.T. Hien. 2016. Quality Enhancement of Dried Snakehead Fish 
(Channa striata) by Supplementing Wine and Glycerol. Journal of Agriculture and Rural 
Development 1:74–84. 

Obado, E., J. Ani, P.O. Raburu, J.O. Manyala, C.C. Ngugi, K. Fitzsimmons, and H.S. Egna. 2018. Effects 
of Lysine and Methionine Supplementation and Cost-effectiveness in Production of Nile Tilapia 
Diets in Western Kenya. 5(3): 12-23. 

Obirikorang, K.A. S. Amisah, N.W. Agbo, D. Adjei-Boateng, N.G. Adjei, and P.V. Skov. 2015. 
Evaluation of Locally-Available Agro-Industrial Byproducts as Partial Replacements to Fishmeal in 
Diets for Nile Tilapia (Oreochromis niloticus) Production in Ghana. Journal of Animal Research 
and Nutrition 1(1–2):1–9.  

Odin, R.Y. and R.B. Bolivar. 2011. Masculinization of Nile Tilapia (Oreochromis niloticus L.) Using 
Lyophilized Testes from Carabao (Bubalus bubalis carabanesis L.), Bull (Bos indicus L.) and Boar 
(Sus domesticus L.). In Better Science, Better Fish, Better Life Proceedings of the Ninth 
International Symposium on Tilapia in Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. 
Shanghai, China, pp. 105–120.  

Ogundari, K. 2008. An Examination of Productivity Potential of Aquaculture Farms in Alleviating 
Household Poverty: Estimation and Policy Implications from Nigeria. In Proceedings of the 
Fourteenth Biennial Conference of the International Institute of Fisheries Economics & Trade, July 
22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable Future: Managing Aquaculture, Fishing, 
Trade and Development Biennial Conference, edited by J. Mumford and A. Leach. Corvallis, 
Oregon: International Institute of Fisheries Economics & Trade, pp. 449–459. 

Ogundari, K. 2008. Farm-Level Efficiency and Resource-Use: Application of Stochastic Frontier 
Analysis to Aquaculture Farms in Southwest Nigeria. Proceedings of the Fourteenth Biennial 
Conference of the International Institute of Fisheries Economics & Trade, July 22-25, 2008, Nha 
Trang, Vietnam: Achieving a Sustainable Future: Managing Aquaculture, Fishing, Trade and 
Development, edited by J. Mumford and A. Leach. Corvallis, Oregon: International Institute of 
Fisheries Economics & Trade.  

Ogundari, K. and S. O. Ojo. 2009. An Examination of Income Generation Potential of Aquaculture Farms 
in Alleviating Household Poverty: Estimation and Policy Implications from Nigeria. Turkish 
Journal of Fisheries and Aquatic Sciences 9(1):39–45.  

Onesemuode, C. and O.T. Dare. 2010. Applications of Geographical Information (GIS) for Spatial 
Decision Support in Eco-Tourism Development. Environment Research Journal 4(2):187–194.  

Oo, M. T.A.M. Shahabuddin, D.P. Thakur, A.A. Mon, A. Yakupitiyage, A.N. Bart, R.C Bhujel, and J.S. 
Diana. 2015. Optimization of Phosphorus Fertilizer in Supplemental Feed-Fed Based Nile Tilapia 
(Oreochromis niloticus) Ponds. Aquaculture Research 46(12):2859–2870.  

Opiyo, M.A., C.C. Ngugi, and J. Rasowo. 2014. Combined Effects of Stocking Density and Background 
Colour on Growth Performance and Survival of Nile Tilapia (Oreochromis niloticus, L.) Fry 
Reared in Aquaria. Journal of Fisheries Sciences 8(3):228–237.  



 

 
 

111 

Ostaszewska, T., K. Dabrowski, A. Wegner, and M. Krawiec. 2008. The Effects of Feeding on Muscle 
Growth Dynamics and the Proliferation of Myogenic Progenitor Cells during Pike Perch 
Development (Sander lucioperca). Journal of the World Aquaculture Society 39(2):184–195.  

Osure, G.O. and R.P. Phelps. 2006. Evaluation of Reproductive Performance and Early Growth of Four 
Strains of Nile Tilapia (Oreochromis niloticus, L) with Different Histories of Domestication. 
Aquaculture 253(1–4):485–494. 

Oyoo-Okoth, E. L. Cherop, C.C. Ngugi, V. Chepkirui-Boit, D. Manguya-Lusega, J. Ani-Sabwa, and H. 
Charo-Karisa. 2011. Survival and Physiological Response of Labeo victorianus (Pisces: Cyprinidae, 
Boulenger 1901) Juveniles to Transport Stress under a Salinity Gradient. Aquaculture 319(1–
2):226–31.  

Oyoo-Okoth, E., C.C. Ngugi, and V. Chepkirui-Boit. 2011. Physiological and Biochemical Responses of 
Nile Tilapia (Oreochromis niloticus) Exposed to Aqueous Extracts of Neem (Azadirachta indica). 
Journal of Applied Aquaculture 23(2):177–186.  

Palacios, M.E., K. Dabrowski, M.G. Abiado, K.J. Lee, and C.C. Kohler. 2006. Effect of Diets Formulated 
with Native Peruvian Plants on Growth and Feeding Efficiency of Red Pacu (Piaractus 
brachypomus) Juveniles. Journal of the World Aquaculture Society 37(3):246–255.  

Pandit, N. P., R. Wagle, and R. Ranjan. 2017. Alternative Artificial Incubation System for Intensive Fry 
Production of Nile Tilapia (Oreochromis niloticus). International Journal of Fisheries and Aquatic 
Studies 5(4):425–29. 

Park, K. H., G. A. Rodriguez-Montes de Oca, P. Bonello, K.J. Lee, and K. Dabrowski. 2009. 
Determination of Quercetin Concentrations in Fish Tissues after Feeding Quercetin-Containing 
Diets. Aquaculture International 17(6):537–544.  

Park, K.H., B.F. Terjesen, M.B. Tesser, M.C. Portella, and K. Dabrowski. 2006. α-Lipoic Acid-
Enrichment Partially Reverses Tissue Ascorbic Acid Depletion in Pacu (Piaractus mesopotamicus) 
Fed Vitamin C-Devoid Diets. Fish Physiology and Biochemistry 32(4):329–338.  

Picha, M.E., C.N. Strom, L.G. Riley, A.A. Walker, E.T. Won, W.M. Johnstone, and R.J. Borski. 2009. 
Plasma Ghrelin and Growth Hormone Regulation in Response to Metabolic State in Hybrid Striped 
Bass: Effects of Feeding, Ghrelin and Insulin-like Growth Factor-I on in Vivo and in Vitro GH 
Secretion. General and Comparative Endocrinology 161(3):365–372.  

Picha, M.E., M.J. Turano, B.R. Beckman, and R.J. Borski. 2008. Endocrine Biomarkers of Growth and 
Applications to Aquaculture: A Mini-review of Growth Hormone, Insulin-Like Growth Factor 
(IGF)-I, and IGF-Binding Proteins as Potential Growth Indicators in Fish. North American Journal 
of Aquaculture 70(2):196–211.  

Picha, M.E., P.R. Biga, N. Galt, A.S. McGinty, K. Gross, V.S. Hedgpeth, T.D. Siopes, and R.J. Borski. 
2014. Overcompensation of Circulating and Local Insulin-like Growth Factor-1 during Catch-up 
Growth in Hybrid Striped Bass (Morone chrysops X Morone saxatilis) Following Temperature and 
Feeding Manipulations. Aquaculture 428–429:174–183.  

Pomeroy, R.S., H. Navy, A.J. Ferrer, and A.H. Purnomo. 2017. Linkages and Trust in the Value Chain for 
Small-Scale Aquaculture in Asia. Journal of the World Aquaculture Society 48(4):542–554.  

Pomeroy, R.S., M.M. Dey, and N. Plesha. 2014. The Social and Economic Impacts of Semi-Intensive 
Aquaculture on Biodiversity. Aquaculture Economics and Management 18(3):303–324.  

Poot-Lopez, G.R. and E.G. Leyva. 2008. Bioeconomic Analysis of Ration Size in Intensive Tilapia 
Culture. In Proceedings of the Fourteenth Biennial Conference of the International Institute of 
Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable 
Future: Managing Aquaculture, Fishing, Trade and Development, edited by J. Mumford and A. 
Leach. Corvallis, Oregon: International Institute of Fisheries Economics & Trade.  

Poot-Lopez, G.R. and E.G. Leyva. 2008. Partial Substitution of Balanced Feed by Chaya Leaves in Nile 
Tilapia. In Proceedings of the Fourteenth Biennial Conference of the International Institute of 
Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable 
Future: Managing Aquaculture, Fishing, Trade and Development, edited by A. Leach and J. 
Mumford. Corvallis, Oregon: International Institute of Fisheries Economics & Trade.  



 

 
 

112 

Portella, M.C. and C.C. Ngugi. 2008. Aqüicultura Na África: O Projeto Interegional de Intercâmbio de 
Tecnologia Sobre Produção de Tilápias E Outros Ciclídeos. Panorama Da Aqüicultura (Overview 
of Aquaculture): 50–55.  

Price, C. and H. Egna. 2014. Strategies for reducing feed costs in small-scale aquaculture. Global 
Aquaculture Advocate 17(3):24-26. 

Price, C. and H. S. Egna. 2014. Aquaculture Helps Women in Nepal Improve Household Nutrition. 
USAID Feed the Future Newsletter, Issue 28:2–3. 

Qu, R., M. Jiang, and S. Li. 2012. Research on Artificial Seawater Quality in the Penaeus vannamei 
Larval Breeding Ponds. Guangdong Agricultural Science 1:120–123.  

Quagrainie, K.K., C.C. Ngugi, and S. Amisah. 2009. Analysis of the Use of Credit Facilities by Small-
Scale Fish Farmers in Kenya. Aquaculture International 18(3):393–402.  

Quagrainie, K.K., S. Amisah, and C.C. Ngugi. 2009. Aquaculture Information Sources for Small-Scale 
Fish Farmers: The Case of Ghana. Aquaculture Research 40(13):1516–1522.  

Rahman, M.M., M.A. Islam, S.M. Haque, and M.A. Wahab. 2017. Mud Crab Aquaculture and Fisheries 
in Coastal Bangladesh. World Aquaculture Magazine 48(2):47–52.  

Rahman, M.M., M.C.J. Verdegem, L.A.J. Nagelkerke, M.A. Wahab, A. Milstein, J.A.J. Verreth, 2006. 
Growth, Production and Food Preference of Rohu Labeo rohita (H.) in Monoculture and in 
Polyculture with Common Carp Cyprinus carpio (L.) under Fed and Non-Fed Ponds. Aquaculture 
257(1–4):359–372.  

Rahman, S.M.S. and M. A. Wahab. 2010. Effects of Selective Harvesting and Claw Ablation of All-Male 
Freshwater Prawn (Macrobrachium Rosenbergii) on Water Quality, Production and Economics in 
Polyculture Ponds. Aquaculture Research 41(10):404–17.  

Rai, S., M.K. Shrestha, J.S. Diana, and H. S. Egna. 2017. Involving Women in Field-Testing of 
Periphyton Enhanced Aquaculture System for Nutrition Security. Asian Fisheries Society Special 
Issue 30S: 265-275. 

Rai, S., S.H. Thilsted, M.K. Shrestha, A. Wahab, and M.C. Gupta. 2014. Polyculture with Carp, Nutrient-
Rich Small Fish and Prawn. World Aquaculture Magazine 45(3):46–50. 

Rai, S., S.H. Thilsted, M.K. Shrestha, M.A. Wahab, and M.C. Gupta. 2014. Carp-SIS Polyculture: A New 
Intervention to Improve Women’s Livelihoods, Income and Nutrition in Terai, Nepal. In Gender in 
Aquaculture and Fisheries: Navigating Change, vol. 27S. Asian Fisheries Society, pp. 165–174.  

Rai, S., Y. Yi, M.A. Wahab, A.N. Bart, and J.S. Diana. 2008. Comparison of Rice Straw and Bamboo 
Stick Substrates in Periphyton-Based Carp Polyculture Systems. Aquaculture Research 39(5):464–
473.  

Ranjan, R., Shrestha, M.K., Pandit, N.P., and N.B. Khanal. 2015. Efficacy of common carp (Cyprinus 
carpio) testis on sex reversal of Nile tilapia (Oreochromis niloticus) fry. Nepalese Journal of 
Aquaculture and Fisheries, 56-64. 

Rasowo, J., E. Oyoo-Okoth, and C.C. Ngugi. 2007. Effects of Formaldehyde, Sodium Chloride, 
Potassium Permanganate and Hydrogen Peroxide on Hatch Rate of African Catfish Clarias 
gariepinus Eggs. Aquaculture 269(1–4):271–277.  

Risien, J.M. and B. Tilt. 2008. A Comparative Study of Community-Based Sea Turtle Management in 
Palau: Key Factors for Successful Implementation. Conservation and Society 6(3):225–237.  

Rodriguez M. de O, G., E.A.H. Medina, J.S. Velazquez, V.L. Lopez, C. R. Roman, K. Dabrowski, E.G. 
Camacho, and M. Haws. 2011. Use of Gonadotropin Releasing Hormone Analogs on the Induced 
Reproduction of Chame Dormitator latifrons. In Better Science, Better Fish, Better Life 
Proceedings of the Ninth International Symposium on Tilapia in Aquaculture (ISTA 9), edited by L. 
Liu and K. Fitzsimmons. Shanghai, China, pp. 187–91.  

Rodríguez Montes de Oca, G.A. and K. Dabrowski. 2015. Growth and Body Composition of Midas 
(Amphilophus citrinellus) and Nile Tilapia (Oreochromis niloticus) Reared in Duoculture. Revista 
Colombiana de Ciencias Pecuarias 28:255–264.  

Rodriguez-Montes de Oca, G.A. E.A. Medina-Hernández, J. Velázquez-Sandoval, V.V. López-López, 
J.C. Román-Reyes, K. Dabrowski, and M.C. Haws. 2012. Production of “Chame” (Dormitator 



 

 
 

113 

latifrons, Pisces: Eleotridae) Larvae Using GnRHa and LHRHa. Revista Colombiana de Ciencias 
Pecuarias 25(3):422–429.  

Rodriguez-Montes de Oca, G.A., K. Dabrowski, and W.M. Contreras-Sanchez. 2014. Dietary 
Administration of Daidzein, Chrysin, Caffeic Acid and Spironolactone on Growth, Sex Ratio and 
Bioaccumulation in Genetically All-Male and All-Female Nile Tilapia (Oreochromis niloticus). 
Discourse Journal of Agriculture and Food Sciences 2(3):91–99.  

Rono, K., J.O. Manyala, and D. Lusega. 2018. Effect of Iron Amino Acid Chelate Supplemented Fish 
Feeds on Nutrients Composition of Spinach (Spinacia oleracea) in an Aquaponic System in Kenya. 
International Journal of Sciences: Basic and Applied Research 37(2): 162-172. 

Rono, K., J.O. Manyala, D. Lusega, J.A. Sabwa, E. Yongo, C. Ngugi, K. Fitzsimmons, and H. Egna. 2018. 
Growth Performance of Spinach (Spinacia oleracea) on Diets Supplemented with Iron-Amino Acid 
Complex in an Aquaponic. International Journal of Research Science and Management 5(7):117–
127. 

Schreck, C.B., G. Giannico, G. Feist, W. Contreras-Sanchez, M. Fernandez-Perez, and H. Hernandez-
Vidal. 2006. Growth Performance of a Genetically Improved Line of Nile Tilapia Under Tropical 
Conditions in Tabasco, Mexico. In Proceedings for the 7th International Symposium on Tilapia in 
Aquaculture (ISTA7), edited by W. M. Contreras-Sanchez and K. Fitzsimmons. Vera Cruz, Mexico, 
pp. 229–230.  

Schwantes, V.S., J.S. Diana, and Y. Yi. 2009. Social, Economic, and Production Characteristics of Giant 
River Prawn Macrobrachium rosenbergii Culture in Thailand. Aquaculture 287(1–2):120–127. 

Seale, A.P., Y. Yamaguchi, W.M. Johnstone III, R.J. Borski, D.T. Lerner, and E.G. Grau. 2013. 
Endocrine Regulation of Prolactin Cell Function and Modulation of Osmoreception in the 
Mozambique Tilapia. General and Comparative Endocrinology 192:191–203.  

Shrestha, M. K., Bhandari, M. P., Diana, J. S., Jaiswal, R., Mishra, R. N., & Pandit, N. P. (2018). Positive 
impacts of Nile tilapia and predatory sahar on carp polyculture production and profits. Aquaculture 
and Fisheries, 1–5. http://doi.org/10.1016/j.aaf.2018.06.002 

Shrestha, M.K., K. Amatya, and J.D. Bista. 2017. Women in Riverbed Aquaculture for Livelihoods in 
Foothills of Nepal. Asian Fisheries Society Special Issue 30S: 331-336. 

Shrestha, M.K., R.L. Sharma, K. Gharti, and J.S. Diana. 2011. Polyculture of Sahar (Tor putitora) with 
Mixed-Sex Nile Tilapia. Aquaculture 319(1–2):284–289.  

Sinh, L. X. 2008. Considerations on the Policy Environment for Aquaculture in Vietnam. In Proceedings 
of the Fourteenth Biennial Conference of the International Institute of Fisheries Economics & 
Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable Future: Managing 
Aquaculture, Fishing, Trade and Development, edited by J. Mumford and A. Leach. Corvallis, 
Oregon: International Institute of Fisheries Economics & Trade.  

Sinh, L. X., N.T. Long, and D.M. Chung. 2008. Near-Shore Trawling Fisheries in The Mekong Delta Of 
Vietnam. In Proceedings of the Fourteenth Biennial Conference of the International Institute of 
Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable 
Future: Managing Aquaculture, Fishing, Trade and Development, edited by J. Mumford and A. 
Leach. Corvallis, Oregon: International Institute of Fisheries Economics & Trade.  

Sinh, L.X. and R.S. Pomeroy. 2010. Current Situation and Challenges for Farming of Snakehead Fish 
(Channa micropeltes and Channa striata) in the Mekong Delta, Vietnam. Sustainable Aquaculture 
15(4):11–17.  

Sinh, L.X., H. Navy, and R.S. Pomeroy. 2014. Value Chain of Snakehead Fish in The Lower Mekong 
Basin of Cambodia. Aquaculture Economics & Management 18(1):37–41.  

Sinh, L.X., R.S. Pomeroy, and D.M. Chung. 2011. Value Chain of Cultured Snakehead Fish. In Better 
Science, Better Fish, Better Life Proceedings of the Ninth International Symposium on Tilapia in 
Aquaculture (ISTA 9), edited by L. Liu and K. Fitzsimmons. Shanghai, China, pp. 184–86.  

Sink, T.D. and R.T. Lochmann. 2007. An Enzyme-Linked Immunosorbent Assay is Not Effective for 
Sampling Blood Plasma Insulin Concentrations in Red Pacu, Piaractus brachypomus and Black 
Pacu, Colossoma macropomum. Journal of Fisheries International 2(3):219–221.  



 

 
 

114 

So, N. 2009. Snakehead Aquaculture in the Mekong Delta, Vietnam. Cambodia Fisheries Magazine 13:4–
5.  

So, N., S. Phommakone, L. Vuthy, T. Samphawamana, N.H. Son, M. Khumsri, N.P. Bun, K. Sovanara, P. 
Degen, and P. Starr. 2015. Economic Value of Lower Mekong Fisheries: Lower Mekong Fisheries 
Estimated to be Worth Around $17 billion a year. Mekong River Commission Catch and Culture 
21(3):4-7. 

Song, B., Y. Yi, and J. Diana. 2010. Clay flocculation counters microcystin pollution in China study. 
Global Aquaculture Advocate 13(6):26-27. 

Ssegane, H., E.W. Tollner, and K.L. Veverica. 2012. Geospatial Modeling of Site Suitability for Pond-
Based Tilapia and Clarias Farming in Uganda. Journal of Applied Aquaculture 24:147–169.  

Stutzman, E., J.J. Molnar, G. Atukunda, and J.K. Walakira. 2017. Understanding the Role of Fish Farmer 
Associations as Intermediaries for the Commercialization of Aquaculture in Uganda. Fisheries and 
Aquaculture Journal 8(3):214.  

Subba, R.N. 2008. International Seafood Trade and Its Impacts on Fisheries and Fishing Communities. In 
Proceedings of the Fourteenth Biennial Conference of the International Institute of Fisheries 
Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable Future: 
Managing Aquaculture, Fishing, Trade and Development, edited by J. Mumford and A. Leach. 
Corvallis, Oregon: International Institute of Fisheries Economics & Trade.  

Subba, R.N. 2008. Role of Aquaculture in Poverty Reduction and Empowerment of Women in India 
through the Medium of Self-Help Groups. In Proceedings of the Fourteenth Biennial Conference of 
the International Institute of Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: 
Achieving a Sustainable Future: Managing Aquaculture, Fishing, Trade and Development, edited 
by J. Mumford and A. Leach. Corvallis, Oregon: International Institute of Fisheries Economics & 
Trade.  

Sumi, K.R. M.R. Sharker, M.L. Ali, S.N. Pattader, Z. Ferdous, and M.M. Ali. 2015. Livelihood Status of 
Gher Farmers of Beel Dakatia in Khulna District. International Journal of Aquatic Science 6(1):45–
53.  

Tain, F.H. and J.S. Diana. 2007. Impacts of Extension Practice: Lessons from Small Farm-Based 
Aquaculture of Nile Tilapia in Northeastern Thailand. Society & Natural Resources 20(7):583–595.  

Thu, T.T.M., T.N.H. Nguyen, and T.T.T. Hien. 2015. A Study of Using Crude Bromelain Enzyme in 
Producing Salty Fermented Fish Product from Commercial Snakehead Fish. Science and 
Technology Journal of Agriculture & Rural Development: Ministry of Agriculture and Rural 
Development, Vietnam 19:78–85.  

Tollner, E.W., D.E. Meyer, S.A. Triminio Meyer, and J.J. Molnar. 2008. Spreadsheet Tool for Computing 
Levee Pond Excavation Costs for Developing Countries. Aquacultural Engineering 39(2–3):122–
126. 

Touch, B., N. So, P. Chheng, P. Chhantana, E. Net, and R.S. Pomeroy. 2015. Fish Consumption Among 
Women and Pre-School Children in Cambodia. Catch and Culture 21(3):34–35.  

Tran, N., C. Bailey, N. Wilson, and M.J. Phillips. 2013. Governance of Global Value Chains in Response 
to Food Safety and Certification Standards: The Case of Shrimp from Vietnam. World 
Development 45:325–336.  

Trattner, S., J. Pickova, K.H. Park, J. Rinchard, and K. Dabrowski. 2007. Effects of α-Lipoic and 
Ascorbic Acid on the Muscle and Brain Fatty Acids and Antioxidant Profile of the South American 
Pacu Piaractus mesopotamicus. Aquaculture 273(1):158–164.  

Triminio Meyer, S.A. and D. E. Meyer. 2010. Markets for Honduran Tilapia. World Aquaculture 39–40, 
72.  

Triminio Meyer, S.A., J.J. Molnar, D.E. Meyer, and E.W. Tollner. 2007. Tilapia Fingerling Production in 
Honduras. Journal of Applied Aquaculture 19(2):1–27.  

Trung, D.V. and A.N. Bart. 2006. A Preliminary Study on the Maturation and Reproduction of 
Spinibarbus denticulatus (Oshima, 1926), an Indigenous Species of Northern Vietnam. Asian 
Fisheries Science 19(4):349–362.  



 

 
 

115 

Tsadik, G.G. and A.N. Bart. 2007. Characterization and Comparison of Variations in Reproductive 
Performance of Chitralada Strain Nile Tilapia, Oreochromis niloticus (L.). Aquaculture Research 
38(10):1066–1073.  

Tsadik, G.G. and A.N. Bart. 2007. Effects of Feeding, Stocking Density and Water-Flow Rate on 
Fecundity, Spawning Frequency and Egg Quality of Nile Tilapia, Oreochromis niloticus (L.). 
Aquaculture 272(1–4):380–388.  

Tuan, T.H., N.T. Lộc, H.V. Hiền, T.H. Minh, T.N. Hải, and Robert S. Pomeroy. 2014. Assessment on 
Production Efficiency and Weather Change Impacts on Snakehead Pond Culture in An Giang and 
Tra Vinh Provinces. Can Tho University Journal of Science 2:141–149.  

Un, S., R.S. Pomeroy, N. So, and K. Chhay. 2010. Market Channel and Trade of Fermented Small-Sized 
Fish Paste in Cambodia. International Journal of Environmental and Rural Development 1(1):145–
151.  

Uscanga-Martínez, A., C.A. Álvarez-González, W.M. Contreras-Sánchez, G. Márquez-Couturier, R. 
Civera-Cerecedo, A. Hernández-Llamas, H. Nolasco-Soria, E. Goytortúa-Bores, and F. Javier 
Moyano. 2012. Protein Requirement in Masculinized and Non-Masculinized Juveniles of Bay 
Snook Petenia splendida. Hidrobiologica 22(3):219–228.  

Valderrama, D. and C.R. Engle. 2001. Effects on Yield and Management Strategies of Farms in Honduras, 
by the Survival Rates of White Shrimp. Panorama Acuicola 6(4):40–41. 

Vera Cruz, E.M. and C.L. Brown. 2007. The Influence of Social Status on the Rate of Growth, Eye Color 
Pattern and Insulin-like Growth Factor-I Gene Expression in Nile Tilapia, Oreochromis niloticus. 
Hormones and Behavior 51(5):611–619.  

Vera Cruz, E.M. and C.L. Brown. 2009. Influence of the Photoperiod on Growth Rate and Insulin-like 
Growth Factor-I Gene Expression in Nile Tilapia Oreochromis niloticus. Journal of Fish Biology 
75(1):130–141. 

Vera Cruz, E.M. C.L. Brown, J.A. Luckenbach, M.E. Picha, R.B. Bolivar, and R.J. Borski. 2006. Insulin-
like Growth Factor-I cDNA Cloning, Gene Expression and Potential Use as a Growth Rate 
Indicator in Nile Tilapia, Oreochromis niloticus. Aquaculture 251(2–4):585–595.  

Vera Cruz, E.M., M.B. Valdez, R.B. Bolivar, and R.J. Borski. 2011. Duration of Appetite Inhibition 
Predicts Social Dominance in Nile Tilapia, Oreochromis niloticus L. In Better science, better fish, 
better life. Proceedings of the Ninth International Symposium on Tilapia in Aquaculture (ISTA 9), 
edited by L. Liu and K. Fitzsimmons. Shanghai, China, pp. 86–94.  

Verri, Tiziano et al. 2012. The SoLute Carrier (SLC) Family Series in Teleost Fish. In Functional 
Genomics in Aquaculture, edited by M. Saroglia and Z. Liu. John Wiley & Sons Inc., Oxford, UK, 
pp. 219-320. 

Vidal-López, J. M., J.M. Vidal-López, C.A. Álvarez-González, W.M. Contreras-Sánchez, R. Patiño, A.A. 
Hernández-Franyutti, and U. Hernández-Vidal. 2012. Feminization of Young Common Snook 
Centropomus undecimalis (Bloch 1792) Using 17B-Estradiol. Revista Ciencias Marinas Y Costeras 
4:83–93.  

Vidal-López, J.M., C.A. Álvarez-González, W.M. Contreras-Sanchez, and U. Hernández-Vidal. 2009. 
Masculinization of the Native Cichlid Tenhuayaca, Petenia splendida (Günther, 1862), Using 
Artemia nauplii as Vehicle of the Steroid 17-α Methyltestosterone | Masculinizacion Del Ciclido 
Nativo Tenhuayaca, Petenia splendida (Günther, 1862), Usando Nauplio. Hidrobiologica 
19(3):211–216.  

Walakira, J.K., G. Atukunda, J.J. Molnar, and K. Veverica. 2012. Prospects and Potential for Aquaculture 
of African Lungfish in Uganda. World Aquaculture 43(5):38–42.  

Walakira, J.K., J.J. Molnar, R.P. Phelps, and J.S. Terhune. 2014. Culturing the African Lungfish in 
Uganda: Effects of Exogenous Fish Feed on Growth Performance in Tanks. Uganda Journal of 
Agricultural Sciences 15(2):137–155.  

Wang, F., X. Ma, W.M. Wang, and J. Liu. 2012. Comparison of Proximate Composition, Amino Acid 
and Fatty Acid Profiles in Wild, Pond- and Cage-Cultured Longsnout Catfish (Leiocassis 
longirostris). International Journal of Food Science and Technology 47(8):1772–1776.  



 

 
 

116 

Wang, F., X. Zhang, W. Wu, and Z. Fu. 2008. On the Power Structure of Aquatic Product Supply Chain 
in China. In Proceedings of the Fourteenth Biennial Conference of the International Institute of 
Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: Achieving a Sustainable 
Future: Managing Aquaculture, Fishing, Trade and Development, edited by J. Mumford and A. 
Leach. Corvallis, Oregon: International Institute of Fisheries Economics & Trade.  

Wang, Y., M. Hu, L. Cao, Y. Yi, and W.M. Wang. 2008. Effects of Daphnia (Moina micrura) plus 
Chlorella (Chlorella pyrenoidosa) or Microparticle Diets on Growth and Survival of Larval Loach 
(Misgurnus anguillicaudatus). Aquaculture International 16(4):361–368.  

Wang, Y., M. Hu, W. Wang, L. Cao, Y. Yi, B. Lu, and R. Yao. 2008. Transpositional Feeding Rhythm of 
Loach Misgurnus anguillicaudatus from Larvae to Juveniles and Its Ontogenesis under Artificial 
Rearing Conditions. Aquaculture International 16(6):539–549.  

Wang, Y., M. Hu, W. Wang, X. Liu, S.G. Cheung, P.K.S. Shin, and L. Song. 2009. Effects of GnRHa (D-
Ala6, Pro9-NEt) Combined with Domperidone on Ovulation Induction in Wild Loach Misgurnus 
anguillicaudatus. Aquaculture 291(1–2):136–139.  

Wang, Y., M. Hu, W.M. Wang, and L. Cao. 2009. Effects on Growth and Survival of Loach (Misgurnus 
anguillicaudatus) Larvae When Co-Fed on Live and Microparticle Diets. Aquaculture Research 
40(4):385–394.  

Ward, D., D.A. Bengtson, C.M. Lee, and M. Gomez-Chiarri. 2016. Incorporation of Soybean Products in 
Summer Flounder (Paralichthys dentatus) Feeds: Effects on Growth and Survival to Bacterial 
Challenge. Aquaculture 452:395–401.  

Watanabe, W.O., K. Fitzsimmons, and Y. Yi. 2006. Farming Tilapia in Saline Waters. Pp. 347–447 in 
Tilapia: Biology, Culture, and Nutrition, edited by C. Lim and C. D. Webster. The Haworth Press, 
Inc.  

Won, E. T., D.A. Baltzegar, M.E. Picha, and R.J. Borski. 2012. Cloning and Characterization of Leptin in 
a Perciform Fish, the Striped Bass (Morone saxatilis): Control of Feeding and Regulation by 
Nutritional State. General and Comparative Endocrinology 178(1):98–107.  

Won, E.T. and R.J. Borski. 2013. Endocrine Regulation of Compensatory Growth in Fish. Frontiers in 
Endocrinology 4(74).  

Won, E.T., J.D. Douros, D. A. Hurt, and R.J. Borski. 2016. Leptin Stimulates Hepatic Growth Hormone 
Receptor and Insulin-like Growth Factor Gene Expression in a Teleost Fish, the Hybrid Striped 
Bass. General and Comparative Endocrinology 229:84–91.  

Wudtisin, I. and C.E. Boyd. 2006. Physical and Chemical Characteristics of Sediments in Catfish, 
Freshwater Prawn and Carp Ponds in Thailand. Aquaculture Research 37(12):1202–1214.  

Yang, C., L. Cao, W. Wang, Y. Yi, K. Abbas, B. Yan, H. Wang, L. Su, Y. Sun, and H. Wang. 2009. 
Comparative and Evolutionary Analysis in Natural Diploid and Tetraploid Weather Loach 
Misgurnus anguillicaudatus Based on Cytochrome B Sequence Data in Central China. 
Environmental Biology of Fishes 86(1):145–153.  

Yi, Y. and J.S. Diana. 2008. Strategies for Nile Tilapia (Oreochromis niloticus) Pond Culture. In 8th 
International Symposium on Tilapia in Aquaculture (ISTA 8). Cairo, Egypt, pp. 11–14.  

Yi, Y., M.A. Wahab, and J.S. Diana. 2006. On-Station Trials of Different Fertilization Regimes Used in 
Bangladesh. Journal of Aquaculture in the Tropics 21(1–2):37–49. 

Young, K. 2009. Omega-6 (N-6) and Omega-3 (N-3) Fatty Acids in Tilapia and Human Health: A 
Review. International Journal of Food Sciences and Nutrition 60:203–211.  

Yuan, D.R., Y. Yi, A. Yakupitiyage, K. Fitzsimmons, and J.S. Diana. 2010. Effects of Addition of Red 
Tilapia (Oreochromis Spp.) at Different Densities and Sizes on Production, Water Quality and 
Nutrient Recovery of Intensive Culture of White Shrimp (Litopenaeus vannamei) in Cement Tanks. 
Aquaculture 298(3–4):226–238.  

Zhang, X., F. Wang, W. Wu, and Z. Fu. 2008. On Consumer’s WTP (Willingness to Pay) for Fishery 
Product Traceability System in China. In Proceedings of the Fourteenth Biennial Conference of the 
International Institute of Fisheries Economics & Trade, July 22-25, 2008, Nha Trang, Vietnam: 
Achieving a Sustainable Future: Managing Aquaculture, Fishing, Trade and Development, edited 



 

 
 

117 

by J. Mumford and A. Leach. Corvallis, Oregon: International Institute of Fisheries Economics & 
Trade.  

Zhou, X.Y., K. Abbas, M. Li., L. Fang, S. Li, and W. Wang. 2010. Comparative Studies on Survival and 
Growth Performance among Diploid, Triploid and Tetraploid Dojo Loach Misgurnus 
anguillicaudatus. Aquaculture International 18(3):349–359.  

Zhou, X.Y., M. Y. Li, K. Abbas, Z.X. Gao, and W.M. Wang. 2008. Comparison of Ploidy Level 
Screening Methods in Chinese Dojo Loach (Misgurnus anguillicaudatus). Journal of Applied 
Ichthyology 24(6):664–669.  

  



 

 
 

118 

 
APPENDIX B: PRESENTATIONS 

 
 
 
The following is a list of presentations by AquaFish CRSP and AquaFish Innovation Lab investigators on 
their AquaFish-sponsored research. Some presentations before 2009 may be attributable in part to the 
Aquaculture CRSP. For nearly two years, from 2006-2008, the Aquaculture CRSP overlapped with 
AquaFish CRSP.  

 
Abera, R., R. Edziyie, N.W. Agbo, and R. Lochmann. 2017. Effects of Different Plant Oils on Growth 

and Fatty Acid Composition of Juvenile Oreochromis niloticus. [Poster Presentation]. World 
Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Adjei-Boateng, D., A. Aliebe, N.W. Agbo, E.A. Frimpong. 2018. Effect of Different Feeding Strategies 
on Growth Performance and Economic Returns of Nile Tilapia (O. Niloticus) Production in Semi-
Intensive System. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 
February 2018. 

Adjei-Boateng, D., C.D. Prah, and R.E. Edziyie. 2014. Effects of Fertilization and Feeding Level on the 
Productivity of Tilapia Pond Culture in Ghana. [Oral Presentation]. Aquaculture America 2014, 
Seattle, Washington, US, 9-12 February 2014.  

Adjei, N.G., E.A. Frimpong, and R. Edziyie. 2017. Growth and Feed Conversion of Nile Tilapia 
Oreochromis niloticus in Ponds with Commercial Grow-Out Feeds of Varying Protein Content. 
[Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Agbo, A. and S. Amisah. 2018. Evaluation of Processed Oilseed Meals in the Diet of Nile Tilapia. [Poster 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Agbo, A., S. Amisah, P. Akpaglo, E. Frimpong, and H. Egna. 2018. Effects of Dietary Protein Levels on 
Growth, Feed Utilization and Body Composition of Juvenile African Bonytongue, Heterotis 
niloticus. [Poster Presentation]. AQUA 2018, Montpellier, France, 25-29 August 2018. 

Akuffo, A. and K. Quagrainie. 2015. The Role of Aquaculture in Household Food Security: An 
Assessment of Rural Farmers in Ghana. [Oral Presentation]. Aquaculture America 2015, New 
Orleans, Louisiana, US, 19-22 February 2015.  

Akuffo, A. and K. Quagrainie. 2017. A Latent-Class Analysis of Household Demand for Seafood in 
Ghana. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Akuffo, A. and K. Quagrainie. 2017. Aquaculture and Food Security: An Assessment of Fish Farming 
Households in Ghana. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-
30 June 2017.  

Akuffo, A. and K. Quagrainie. 2018. Determinants of Seafood Accessibility in Tanzania. [Poster 
Presentation]. AQUA 2018, Montpellier, France, 25-29 August 2018. 

Akuffo, A., and K. Quagrainie. 2016. Determinants of Household Food Security in Tanzania. [Oral 
Presentation]. Aquaculture 2016, Las Vegas, Nevada, US, 22–26 February 2016.  

Alfaro, J. 2017. Using Small-Scale Aquaculture to Promote Sustainability – The Sustainability Without 
Borders Program at Michigan. [Oral Presentation]. AquaFish Asia Regional Meeting, Bharatpur, 
Nepal, 28 February – 4 March 2017.  

Ali, M.L., S.M. Haque, M.A Wahab, and R.J. Borski. 2018. Effect of Salinity on the Survival of 
Pangasius Catfish in Southern Bangladesh. [Oral Presentation]. Aquaculture America 2018, Las 
Vegas, Nevada, 19-22 February 2018. 

Ali, M.L., S.M. Haque, M.A. Wahab, and R.J. Borski. 2016. Impact of Stocking Density and Feeds on 
Yield of Pangasius Catfish (Pangasius hypophthalmus) in Hyposaline Waters. [Oral Presentation]. 
Asian-Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  



 

 
 

119 

Amadiva, J.M., C.C. Ngugi, N. Gitonga, and H.S. Egna. 2017. Kenya Women in Fish Farming and 
Marketing - Modern Perspectives. [Oral Presentation]. World Aquaculture 2017, Cape Town, South 
Africa, 26-30 June 2017.  

Amadiva, J.M., V. Tarus, and H. Egna. 2018. Assessing Women’s Participation in Aquaculture Post 
Economic Stimulus Program in Kenya. [Poster Presentation]. AQUA 2018, Montpellier, France, 
25-29 August 2018. 

Amankwah, A. and K. Quagrainie 2015. Demand for Improved Fish Feed in the Presence of Subsidy: A 
double-hurdle Application in Kenya. [Oral Presentation]. Aquaculture America 2015, New Orleans, 
Louisiana, US, 19-22 February 2015.  

Amankwah, K. and K. Quagrainie. 2015. Impact of Aquaculture Feed Technology on Income and Poverty 
in Kenya. [Oral Presentation]. Aquaculture America 2015, New Orleans, Louisiana, US, 19-22 
February 2015.  

Amisah, S. and K. Quagrainie. 2017. Technology and Knowledge Transfer to Fish Farmers: Propagation 
and Hatchery Management for Tilapia (Oreochromis niloticus) and African Catfish (Clarias 18 
gariepinus). [Oral Presentation]. AquaFish African Regional Meeting, Kampala, Uganda, 9-12 
January 2017.  

Anane-Taabeah G., E.A. Frimpong, E. Hallerman, S. Amisah, and A. Ampofo-Yeboah. 2017. Nile 
Tilapia Oreochromis niloticus Population Genetic Studies within the Volta River Basin: 
Application in Aquaculture Development in Ghana. [Oral Presentation]. World Aquaculture 2017, 
Cape Town, South Africa, 26-30 June 2017.  

Anane-Taabeah, G., E.A. Frimpong, and E. Hallerman. 2018. The Potential Effect of Aquaculture on the 
Genetic Purity of Natural Populations of Nile Tilapia Oreochromis niloticus in Ghana. [Oral 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Anane-Taabeah, G., E.A. Frimpong, S. Amisah. 2011. Constraints and Opportunities in Cage. [Oral 
Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 
April 2011.  

Anday, T. and K. Young. 2010. Efficacy of Growstone as a Filter Media for Aquaculture. [Oral 
Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Ani Sabwa, J. 2016. The Impact of Nutrient and Water Budget on Biological Performance of Monosex 
Nile Tilapia (Oreochromis niloticus) in Recirculating Aquaponics System. [Oral Presentation]. 
University of Eldoret Biannual International Conference, Kenya.  

Ani Sabwa, J., J.O. Manyala, K. Fitzsimmons, and C.C. Ngugi. 2017. Development of Low Cost 
Aquaponic System in Kenya. [Oral Presentation]. World Aquaculture 2017, Cape Town, South 
Africa, 26-30 June 2017.  

Ansah, Y., E. Frimpong, and S. Amisah. 2010. Potential Effluent Quality and Microbrial Levels in 
Earthen Ponds and Receiving Streams of Central Ghana. [Oral Presentation]. Aquaculture 2010, 
San Diego, US, 2-5 March 2010. 

Ansah, Y., E. Frimpong, S. Amisah, and G. Anane-Taabeah. 2010. Fish and Macroinvertebrate 
Assemblages in Receiving Streams in the Vicinity of Earthen Ponds in Ghana. [Oral Presentation]. 
Aquaculture 2010, San Diego, US, 2-5 March 2010. 

AquaFish Innovation Lab. 2014. Empowering Women through Innovative Aquaculture Technologies. 
[Poster Presentation]. Feed the Future Global Forum Innovation Marketplace, Washington, DC, US. 
May 2014.  

Asero, D., T.S. Hyuha, H.S. Egna, S.K. Chimatiro, J. Molnar, and W. Ekere. 2017. Analysis of Fish 
Trade in the Eastern Corridor: The Case of Central Uganda. [Oral Presentation]. Aquaculture 
America 2017, San Antonio Texas, US, 19-22 February 2017.  

Asero, D., T.S. Hyuha, W. Ekere, H. Egna, C.K. Sloans, and J.J. Molnar. 2017. Assessment of Market 
Structure, Conduct, Performance of Fish Traders in Central Uganda. [Poster Presentation] 
AquaFish African Regional Meeting, Kampala, Uganda, 9-12 January 2017.  

Atukunda, G. 2011. Women in Aquaculture Development in Uganda. [Oral Presentation]. International 
Center for Aquaculture and Aquatic Environments, Auburn University, Auburn, Alabama, US. 



 

 
 

120 

Atukunda, G. 2017. Symposium on Outreach. [Oral Presentation]. AquaFish African Regional Meeting, 
Kampala, Uganda, 9-12 January 2017.  

Atukunda, G. J.J. Molnar, M. Matuha, T. Hyuha, J.K. Walakira, S. Namatovu, G. Abalo. 2018. 
Institutional and Household Factors in Promoting the Role of Women in Aquaculture Value Chain 
in Uganda. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 
2018. 

Atukunda, G., A. State, J.J. Molnar, P. Atekyereza. 2018. Actor Perspectives on Aquaculture Extension 
Service Provision in Central and Northern Uganda. [Oral Presentation]. Aquaculture America 2018, 
Las Vegas, Nevada, 19-22 February 2018. 

Atukunda, G., P. Atekyereza, H. Egna, J. Walakira, and A. State. 2018. Increasing Farmers’ Access to 
Aquaculture Extension Services: Lessons from Central and Northern Regions of Uganda. [Poster 
Presentation]. AQUA 2018, Montpellier, France, 25-29 August 2018. 

Baltzegar, D.A., E.S. Brune, W.M. Johnstone III, and R.J. Borski. 2011. Characterization of Leptin and 
its Putative Receptor (lepr) in Euryhaline Tilapia: A Novel Link Between Energy Status and 
Osmoregulatory Function? [Oral Presentation]. North American Society of Comparative 
Endocrinology, Ann Arbor, Michigan.  

Baltzegar, D.A., Ozden, O. and R.J. Borski. 2009. Claudin mRNA expression in Mozambique tilapia 
(Oreochromis mossambicus) gill tissue: implications for osmoregulation and salinity adaptation. 
[Presentation]. Society of Integrative and Comparative Biology, Boston, Massachusetts, US, 3-7 
January 2009. 

Bengtson, D., C. Phen, T. Puthearath, T. Bunthang, and N. So. 2016. Aquaculture Carrying Capacity of 
Stung Chinit Reservoir, Cambodia: A Pilot Project. [Oral Presentation]. Asian-Pacific Aquaculture 
Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Bhandari, M., R.N. Mishra, M.K. Shrestha, and J.S. Diana. 2016. Inclusion of Nile tilapia Oreochromis 
niloticus and Sahar Tor putitora Improves Reproductivity in Carp-polyculture System. [Oral 
Presentation]. Asian-Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Bista, J.D. 2014. Environmentally Friendly Cage Culture: A Successful Model of Small-scale 
Aquaculture for Livelihood of Fishing Communities in Nepal. [Oral Presentation]. Aquaculture 
America 2014, Seattle, Washington, US, 9-12 February 2014.  

Bista, J.D. 2014. Spawning Response of Sahar (Tor putitora) in Different Seasons under Pond Reared 
Condition in Pokhara, Nepal. [Oral Presentation]. Aquaculture America 2014, Seattle, Washington, 
US, 9-12 February 2014.  

Bista, J.D., B. Shrestha, R.K. Shrestha, S. Prasad, A.P. Nepal, A. Baidya, S. K. Wagle, and T.B. Thapa. 
2015. Spawning Response of Sahar (Tor putitora) in Different Seasons under Pond Rear Condition 
in Pokhara, Nepal. [Oral Presentation]. First NEFIS Convention, Kathmandu, Nepal, 30-31 January 
2015.  

Bista, J.D., N.P. Pandit, M.K. Shrestha, and J.S. Diana. 2016. In-situ and Ex-situ Conservation of Sahar 
(Tor putitora) in Nepal. [Oral Presentation]. Eleventh Asian Fisheries and Aquaculture Forum, 
Bangkok, Thailand, 3–7 August 2016.  

Bista, J.D., N.P. Pandit, R. Ranjan, M. K. Shrestha, and J.S. Diana. 2018. Induced Spawning of Sahar Tor 
putitora in Terai Region of Nepal. [Oral Presentation]. Aquaculture America 2018, Las Vegas, 
Nevada, 19-22 February 2018. 

Bista, J.D., N.P. Pandit, R. Ranjan, M.K. Shrestha, J.S. Diana, and H. Egna. 2018. Successful Propagation 
of Sahar Tor putitora Using Synthetic Hormone in Nepal. [Poster Presentation]. AQUA 2018, 
Montpellier, France, 25-29 August 2018. 

Biyu, S. Y. Yi, and J.S. Diana. 2009. Aquaculture Wastewater Treatment by Using a Biological 
Sequencing Batch Biofilm Reactor, Fourth International Workshop on Sustainable Asia, Wuhan, 
China.  

Bolivar, R. 2011. Completed and On-going Research and Development Projects. [Oral Presentation]. 23rd 
Annual Agency Inhouse Review Research, Extension and Training, Central Luzon State University, 
Science City of Muñoz, Nueva Ecija, Philippines. 



 

 
 

121 

Bolivar, R. 2011. Overview of Aquafish CRSP Project and Tilapia Grow-out, Pond Fertilization and 
Feeding Strategies. [Oral Presentation]. Freshwater Aquaculture Center, CLSU, Science City of 
Muñoz, Nueva Ecija, Philippines.  

Bolivar, R. B. 2008. Breeding Techniques for the Genetic Improvement of Quantitative Traits. 
[Presentation]. Seminar-Workshop on Applied Genetics in Aquaculture. BFAR-NIFTDC Cmpd., 
Dagupan City, Philippines, 25-27 June 2008.  

Bolivar, R. B., E.B. T. Jimenez, R.M. Sayco, R.L.B. Argueza, H.L. Bolivar, L.B. Dadag, A.G. Taduan, 
and R.J. Borski. 2009. Grow-out Performance of Nile Tilapia (Oreochromis niloticus L.) 
Fingerlings from Different Hatching Systems. [Presentation]. 21st Agency In-house Review of 
Completed and On-going Research and Development Projects, Science City of Muñoz, Nueva Ecija, 
Philippines, 29 May 2009. 

Bolivar, R. B., E.B.T. Jimenez, R.M. Sayco, R.L.B. Argueza, H.L. Bolivar, L.B. Dadag, A.G. Taduan, 
and R.J. Borski. 2009. Grow-out Performance of Nile Tilapia (Oreochromis niloticus L.) 
Fingerlings from Different Hatching Systems. [Presentation]. Aquaculture 2009, Seattle, 
Washington, US, 14-18 February 2009. 

Bolivar, R., E.B. Jimenez, R. Sayco, R. Argueza, H. Bolivar, L. Dadag, and R.J. Borski. 2010. 
Bolivar, R.B. 2007. Feeding Strategies for Cost Containment in the Pond Culture of Nile tilapia, 

Oreochromis niloticus in the Philippines. [Presentation]. Aquaculture CRSP-sponsored Aquaculture 
Workshop. Phase II-CRSP HCPI Project “Training and Information Exchange on Cichlid Culture 
and the Adoption of A CRSP Technologies in A CRSP Host Countries”. Stellenbosch, South Africa, 
25-28 October 2007.  

Bolivar, R.B. 2007. Feeding Strategies for Cost Containment in the Pond Culture of Nile Tilapia, 
Oreochromis niloticus in the Philippines. [Presentation]. Aquaculture CRSP-sponsored Aquaculture 
Workshop. Phase II-CRSP HCPI Project “Training and Information Exchange on Cichlid Culture 
and the Adoption of A CRSP Technologies in A CRSP Host Countries”. Kumasi, Ghana, 29 
October-2 November 2007.  

Bolivar, R.B. 2007. Overview of Tilapia Culture in the Philippines. [Presentation]. Eighth Conference of 
the Aquaculture Association of Southern Africa (AASA). Cape Town International Convention 
Center, Cape Town, South Africa, 22-24 October 2007.  

Bolivar, R.B. 2008. Feeding Strategies for Cost Containment in the Pond Culture of Nile Tilapia, 
Oreochromis niloticus in the Philippines. [Presentation]. Aquaculture CRSP-sponsored Aquaculture 
Workshop. Phase II-CRSP HCPI Project “Training and Information Exchange on Cichlid Culture 
and the Adoption of A CRSP Technologies in A CRSP Host Countries”. Universidade Estadual 
Paulista, Jaboticabal, São Paulo, Brazil, 18-23 February 2008.  

Bolivar, R.B. 2011. Tilapia Grow-out, Pond Fertilization and Feeding Strategies. [Oral Presentation]. 
Lecture Freshwater Aquaculture Center, CLSU, Science City of Muñoz, Nueva Ecija, Philippines. 

Bolivar, R.B., E.B.T. Jimenez, R.M.V. Sayco, R.L.B. Argueza, H.L. Bolivar, L.B. Dadag, A.G. Taduan, 
and  R.J. Borski. 2009. [Presentation]. Effect of Temperature on the Growth and Survival of Nile 
Tilapia (Oreochromis niloticus L.) Fry Reared in Hapas. [Presentation]. Aquaculture 2009, Seattle, 
Washington, US, 14-18 February 2009. 

Bolivar, R.B., E.B.T. Jimenez, R.M.V. Sayco, R.L.B. Argueza, H.L. Bolivar, L.B. Dadag, A.G. Taduan, 
and  R.J. Borski. 2009. [Presentation]. Effect of Temperature on the Growth and Survival of Nile 
Tilapia (Oreochromis niloticus L.) Fry Reared in Hapas. [Presentation]. 21st Agency In-house 
Review of Completed and On-going Research and Development Projects, Science City of Muñoz, 
Nueva Ecija, Philippines, 29 May 2009. 

Bolivar, R.B., E.M. Vera Cruz, R.M.V. Sayco, E.B.T. Jimenez, R.L.B Argueza, and R.J. Borski. 2009. 
Growth Performance of Nile Tilapia (Oreochromis niloticus L.) in Ponds Using Combined Feed 
Reduction Strategies. [Presentation]. 21st Agency In-house Review of Completed and On-going 
Research and Development Projects, Science City of Muñoz, Nueva Ecija, Philippines, 29 May 
2009. 



 

 
 

122 

Bolivar, R.B., E.M. Vera Cruz, R.M.V. Sayco, E.B.T. Jimenez, R.L.B. Argueza, and R.J. Borski. 2009. 
Reduction of the Daily Feed Ration on the Grow-out Culture of Nile Tilapia (Oreochromis niloticus 
L.) on Farm. [Presentation]. 21st Agency In-house Review of Completed and On-going Research 
and Development Projects, Science City of Muñoz, Nueva Ecija, Philippines, 29 May 2009. 

Bolivar, R.B., H.L. Bolivar, E.B.T. Jimenez, R.M.V. Sayco, R.L.B. Argueza, and R.J. Borski. 2009. 
Effect of Age of Broodfish on the Grow-out Performance of Nile Tilapia (Oreochromis niloticus L.) 
Fingerlings in Earthen Ponds. [Presentation]. 21st Agency In-house Review of Completed and On-
going Research and Development Projects, Science City of Muñoz, Nueva Ecija, Philippines, 29 
May 2009. 

Bolivar, R.B., H.L. Bolivar, R.M. V. Sayco, E.B. T. Jimenez, R.L.B. Argueza, L.B. Dadag, A.G. Taduan 
and R.J. Borski. 2008. Assessment of Size Distribution, Growth and Survival of Nile Tilapia, 
Oreochromis niloticus L. Fry Collected from Different Hatching Systems. [Presentation]. World 
Aquaculture 2008, Busan, Korea, 19-23 May 2008.  

Bolivar, R.B., H.L. Bolivar, R.M.V. Sayco, E.B.T. Jimenez, R.L.B. Argueza, L.B. Dadag, A.G. Taduan 
and R.J. Borski. 2008. Growth Evaluation, Sex Conversion Rate and Percent Survival of Nile 
tilapia (Oreochromis niloticus L.) Fingerlings in Earthen Ponds. [Presentation]. Agency In-house 
Review of Completed and On-going Researches. FAC, CLSU, Science City of Muñoz, Nueva Ecija, 
Philippines, 30 May 2008.  

Bolivar, R.B., H.L. Bolivar, R.M.V. Sayco, E.B.T. Jimenez, R.L.B. Argueza, L.B. Dadag, A.G. Taduan 
and R.J. Borski. 2008. Performance of Nile tilapia (Oreochromis niloticus L.) During Hormonal 
Sex Reversal Treatment of Fry Collected from Different Hatching Systems. [Presentation]. Agency 
Inhouse Review of Completed and On-going Researches. FAC, CLSU, Science City of Muñoz, 
Nueva Ecija, Philippines. 30 May 2008.  

Borberg, J. 2017. Open Access and Data Management. [Oral Presentation]. AquaFish African Regional 
Meeting, Kampala, Uganda, 9-12 January 2017.  

Borberg, J. 2017. Open Access and Data Management. [Oral Presentation]. AquaFish Asia Regional 
Meeting, Bharatpur, Nepal, 28 February – 4 March 2017.  

Borberg, J., B. Goodwin, M. Chow, S. Ichien, and H.S. Egna. 2016. A Multifaceted Approach to Closing 
the Gender Gap in Aquaculture for Improving Global Nutrition. [Poster Presentation]. Sixth Global 
Symposium on Gender in Aquaculture and Fisheries, Bangkok, Thailand, 3-7 August 2016.  

Borberg, J., P. Edwards, B. Chavan, and H.S. Egna. 2015. Addressing Hunger and Undernutrition through 
Sustainable Aquaculture. [Poster Presentation]. Aquaculture America 2015, New Orleans, 
Louisiana, US, 19-22 February 2015. 

Borberg, J., S. Ichien, and H.S. Egna. 2014. Building Human and Institutional Capacity in Developing 
Countries to Enhance Sustainable Aquaculture. [Poster Presentation] Aquaculture America 2014, 
Seattle, Washington, US, 9-12 February 2014.  

Borberg, J., S. Ichien, K. Goetting, A. Hyman, and H.S. Egna. 2017. Research Investment in Aquaculture 
Feed Technology Development and Transfer for Global Food Security. [Poster Presentation]. 
Aquaculture America, San Antonio, Texas, US, 19-22 February 2017.  

Borberg, J., S. Ichien, A. Hyman, and H.S. Egna. 2018. A Review of Over a Decade of Global Investment 
in Aquaculture Feed Technologies. [Oral Presentation]. Aquaculture America 2018, Las Vegas, 
Nevada, 19-22 February 2018. 

Borski, R.J. 2007. Catch-up Growth: Hormones and Mechanisms. [Oral Presentation]. Southeast Asian 
Fisheries Development Center, Iloilo Philippines. 

Borski, R.J. 2007. Catch-up Growth: Hormones and Mechanisms. [Presentation]. Fisheries and 
Aquaculture Center, Central Luzon State University, Science City of Munoz, Philippines.  

Borski, R.J. 2009. Compensatory Growth: Mechanisms and Applications for Improving Production 
Efficiency of Fish. [Seminar Presentation]. Southeast Asian Fisheries Development Center, Iloilo 
Philippines, 27 January 2009. 

Borski, R.J. 2010. Catch-up Growth: Hormones and Mechanisms. [Oral Seminar]. Stony Brook 
University, Stony Brook, NY US. 



 

 
 

123 

Borski, R.J. 2013. Current Status on the Biology of Leptin in Tilapia: Implications for Energy 
Homeostasis. [Oral Presentation]. Perspectives in Endocrinology of Cichlids, Ihud, Israel, 2-6 
October 2013.  

Borski, R.J. 2014. Characterization of Novel Actions for Glucocorticoids and Leptin in Controlling 
Osmotic Stress Responses and Growth in the Euryhaline Tilapia. [Seminar Presentation]. 
Toxicology, North Carolina State University, April 2014.  

Borski, R.J. and C. Strom. 2010. Salinity Regulation of Prolactin Cell Proliferation and Apoptosis in the 
Euryhaline Tilapia, Oreochromis mossambicus. [Oral Presentation]. Aquaculture 2010, San Diego, 
US, 2-5 March 2010. 

Borski, R.J. and E.G.T. de Jesus-Ayson. 2014. Alternate Day Feeding is More Cost Effective than Daily 
Feeding for Culture of Milkfish in Brackishwater Ponds and Sea cages. [Oral Presentation]. 
Aquaculture America 2014, Seattle, Washington, US, 9-12 February 2014.  

Borski, R.J. and K.A. Huq. 2017. Integrated Mola Fish and Freshwater Prawn Gher Farming with Dyke 
Cropping to Increase Household Nutrition and Earnings for Rural Farmers in Southwest 
Bangladesh. [Oral Presentation]. AquaFish Asia Regional Meeting, Bharatpur, Nepal, 28 February 
– 4 March 2017.  

Borski, R.J. and M.E Picha. 2008. Enhancing Production Characteristics of Hybrid Striped Bass through 
Induction of Compensatory Growth by a Combination of Feeding and Seasonally Based 
Temperature Manipulations. [Presentation]. World Aquaculture 2008, Busan, Korea. 19-23 May 
2008.  

Borski, R.J. and S.M. Haque. 2017. AquaFish Innovation Lab, Bangladesh Project: Research Findings 
and Progress. [Oral Presentation]. AquaFish Asia Regional Meeting, Bharatpur, Nepal, 28 February 
– 4 March 2017.  

Borski, R.J. M.E. Picha, C.N. Strom, L.G. Riley. 2008. Somatotroph Regulation by Metabolic State, 
Temperature, and Growth and Appetite Regulatory Hormones. [Presentation]. Sixth International 
Symposium on Fish Endocrinology, Calgary, Canada, 22-27 June 2008. 

 Borski, R.J., C.V. Sullivan, and E.G. Noga. Genomic Enablement of Aquaculture: Graduate Research, 
Education, and Training. [Oral Presentation]. International Symposium on Aquaculture and 
Fisheries Education, Pathumthani (Bangkok), Thailand. 

Borski, R.J., E.T. Won, and D.A. Baltzegar. 2011. Leptin Stimulates Hepatic Growth Hormone Receptor 
Expression: Possible Role in Enhancing Gh-mediated Anabolic Processes in Fish. [Oral 
Presentation]. North American Society of Comparative Endocrinology, Ann Arbor, Michigan, US.  

Borski, R.J., H. Daniels, J. Hinshaw, T. Losordo, and C. Sullivan. 2010. North Carolina Aquaculture – 
Research Update. [Oral Presentation]. North Carolina Aquaculture Development Conference 
Annual Meeting Atlantic Beach, North Carolina, US. 

Borski, R.J., H. Daniels, J. Hinshaw, T. Losordo, and C.V. Sullivan. 2011. North Carolina Aquaculture – 
Research Update. [Oral Presentation]. 2011 NC Aquaculture Development Conference Atlantic 
Beach, North Carolina, US.  

Borski, R.J., M.E. Picha, C.N. Strom, E.T. Won, D.A. Baltzegar, and W.M. Johnstone. 2008. 
Endocrinology of Catch-up Growth Following Seasonal Cold-banking in Hybrid Striped Bass 
(Morone chrysops X M. Saxatilis). [Presentation]. Eighth International Congress on the Biology of 
Fishes. Portland, Oregon, 28 July- 1 August 2008.  

Borski, R.J., R. Bolivar, E. Vera Cruz, W. Jamandre, H. Bolivar, E.G. DeJesus-Ayson, A. Hurtado, N. 
Golez, H. Hasanuddin, K. Fitzsimmons, C. Brown. 2010. AquaFish Project Mini-Updates: 
Improved Cost Effectiveness and Sustainability of aquaculture in the Philippines and Indonesia. 
[Oral Presentation]. Annual Meeting of the Aquaculture and Fisheries (AquaFish) Cooperative 
Research Support Program, Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Borski, R.J., R. Bolivar, E.B. Jimenez, R. Sayco, and R. Argueza. 2010. Growth Performance of Nile 
Tilapia, Oreochromis niloticus L., in Ponds in the Philippines Using Combined Feed Reduction 
Strategies. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 



 

 
 

124 

Borski, R.J., R.B. Bolivar, E.B.T. Jimenez, R.M.V. Sayco, R.L.B. Arueza, C.R. Stark, and P.R. Ferket. 
2011. Fishmeal-free Diets Improve the Cost Effectiveness of Culturing Nile Tilapia (Oreochromis 
niloticus, L.) in Ponds under an Alternate Day Feeding Strategy. [Oral Presentation]. Ninth Asian 
Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011.  

Borski, R.J., S. Salger, D. Baltzegar, J. Reza, and M.A. Wahab. 2016. Effect of Pulsed Feeding on 
Growth, Gut Metagenome, and Intestinal Nutrient Transporters of Tilapia in Pond Culture. [Oral 
Presentation]. Asian-Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Borski, R.J., S. Salger, D. Baltzegar, J. Reza, and M.A. Wahab. 2017. Nutritional Control of Growth, Gut 
Microbiome, and Intestinal Nutrient Transporters in Nile Tilapia. [Oral Presentation]. World 
Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Borski, R.J.. 2007. Catch-up Growth: Hormones and Mechanisms. [Oral Presentation]. Fisheries and 
Aquaculture Center, Central Luzon State University, Science City of Munoz, Philippines.  

Borski, R.J.. 2007. Catch-up Growth: Hormones and Mechanisms. [Presentation]. Southeast Asian 
Fisheries Development Center, Iloilo Philippines.  

Bowman, J.S. and H.S. Egna, and M.C. Portella, with contributions from the Exchange Project 
participants. 2008. Inter-regional Exchange of Local and CRSP-Derived Knowledge on Tilapia 
Culture. [Poster Presentation] AquaCiencia 2008 (Congress of the Brazilian Association of 
Aquaculture and Aquatic Biology), Maringa, Brazil, 27-30 October 2008. 

Bowman, J.S. and H.S. Egna, with contributions from the Exchange Project participants. 2008. Inter- 
regional Exchange of Local and CRSP-Derived Knowledge on Tilapia Culture. [Poster 
Presentation]. World Aquaculture 2008, Busan, South Korea, 19-23 May 2008. 

Bowman, J.S. and H.S. Egna. 2007. Inter-regional Exchange of Local and CRSP-Derived Knowledge on 
Tilapia Culture. Posted at the Eighth Conference of the Aquaculture Association of Southern Africa, 
22-26 October 2007. 

Bowman, J.S., H. Coulibaly, C. Ngugi, Y. Yi, N. Gitonga, L. Reifke, and H.S. Egna. 2009. Aquatic 
Resource Use and Conservation for Sustainable Freshwater Aquaculture and Fisheries in Mali. 
[Poster Presentation]. Aquaculture America 2009, Seattle, Washington, US, 14-18 February 2009. 

Bowman, J.S., L. Reifke, F. Evans, and H.S. Egna. 2011. Capacity Building for Sustainable Aquaculture 
and Fisheries Development: A Review of Long- and Short-Term Training Conducted by The 
AquaFish CRSP from 2006 To 2011. [Poster Presentation]. Aquaculture America 2012, Las Vegas, 
Nevada, US, 29 February-2 March 2012. 

Bowman, J.S., L. Reifke, H. Coulibaly, C. Ngugi, Y. Yi, L. Liu, N. Gitonga, P. Nzungi, and H.S. Egna. 
2010. Towards the Development of Sustainable Freshwater Aquaculture and Fisheries Management 
in Mali: Collaborative Work Under the AquaFish CRSP. [Poster Presentation]. Aquaculture 2010, 
San Diego, CA, 27 February-5 March 2010. 

Boyd, C. 2010. Water Use Efficiency in Aquaculture. [Oral Presentation]. Aquaculture 2010, San Diego, 
US, 2-5 March 2010. 

Boyd, C. 2011. The Relationship of Aquaculture Production to Renewable Freshwater. [Oral 
Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 
April 2011.  

Boyd, C.E. 2017. Quality Control in Water Analysis for Aquaculture. [Oral Presentation]. Aquaculture 
America 2017, San Antonio Texas, US, 19-22 February 2017.  

Bridger, C., J.R Bowman, and H.S. Enga. 2006. Training and Technology Transfer to Small-scale Fish 
Farmers on a Global Scale: Aquaculture CRSP Outreach Investments. [Poster Presentation]. 
Aqua2006, Florence, Italy, 9-13 May 2006. 

Brown, C.L., E.M. Vera Cruz, R.B. Bolivar, and R.J. Borski. 2008. Evaluation of the Use of Insulin-like 
Growth Factor-I Expression as an Instantaneous Growth Indicator in the Tilapia Oreochromis 
niloticus. [Presentation]. World Aquaculture 2008, Busan, Korea, 19-23 May 2008. 

Bukenya, J. Forecasting Farm-gate Catfish Prices in Uganda Using SARIMA Model. [Oral Presentation]. 
75th Annual Professional Agricultural Workers Conference, Tuskagee, Alabama, 4-6 December 
2017.  



 

 
 

125 

Bukenya, J., K. Lule, M. Matuha, J.J. Molnar, and T. Hyuha. 2018. Forecasting Farm-gate Catfish Prices 
in Uganda Using Sarima Model. [Oral Presentation]. Aquaculture America 2018, Las Vegas, 
Nevada, 19-22 February 2018. 

Bukenya, J.O. 2016. Price Volatility in Aquaculture and Wild-Captured Fisheries in Uganda. [Oral 
Presentation] Food Distribution Research Society, New Orleans, Louisiana, US, 30 September – 3 
October 2016.  

Bukenya, J.O., K. Lule, M. Matuha, T.S. Hyuha, and J.J. Molnar. 2017. Understanding Seasonal Price 
Variation in the Aquaculture Sector in Uganda. [Oral Presentation]. World Aquaculture 2017, Cape 
Town, South Africa, 26-30 June 2017.  

Bukenya, J.O., M. Ssebisubi, and J. Molnar. 2014. A Test for Price Integration in the Uganda Aquaculture 
Market. [Oral Presentation]. Southern Rural Sociological Association’s Annual Meeting, Dallas, 
Texas, US, 1-4 February 2014.  

Bundi Mugo, J. and C.C. Ngugi. 2017. Comparative Growth Performance of Oreochromis niloticus, 
Clarias gariepinus, and Cyprinus carpio at a High Altitude Environment. [Oral Presentation]. 
World Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Bunthang, T., N. So, C. Phen, P. Chhantana, E. Net, and R. Pomeroy. 2016. Fish and Nutrient 
Consumption among Women and Preschool Children in Rainy Season in Cambodia. [Oral 
Presentation]. Asian-Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Calvario, O. 2008. Aquaculture Food Safety. [Presentation]. International Workshop on Bivalve 
Sanitation and Culture, Culiacan and Santiago Ixcuintla, Mexico, 21-27 September 2008. 

Cao, L. and J.S. Diana. 2010. Life Cycle Assessment of Shrimp Farming in China to Support More 
Environmentally Sustainable Aquaculture. [Oral Presentation]. Aquaculture 2010, San Diego, US, 
2-5 March 2010. 

Carroll, L., B. Goodwin, K. Goetting, and H.S. Egna. 2017. Building Human and Institutional Capacity 
by Supporting Higher Education in Africa. [Poster Presentation]. World Aquaculture 2017, Cape 
Town, South Africa, 26-30 June 2017.  

Carroll, L., K. Goetting, S. Ichien, and H.S. Egna. Local, Regional, National, and International Benefits 
of Stakeholder Involvement in Aquafish Innovation Lab Research. [Poster Presentation]. 
Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Chenyambuga, S.W., R.N. Munubi, N.A. Madalla, and K. Quagrainie. 2018. Comparison of Pond 
Fertilization and Supplementary Diet Feeding on Pond Water Quality and Growth Performance of 
Nile Tilapia Oreochromis niloticus. [Poster Presentation]. AQUA 2018, Montpellier, France, 25-
29 August 2018. 

Chenyambuga, S. and N. Madalla. 2017. Symposium on Outreach: Success Story. [Oral Presentation]. 
AquaFish African Regional Meeting, Kampala, Uganda, 9-12 January 2017.  

Chenyambuga, S.W. and N.A. Madalla. 2017. 2016-2018 AquaFish Innovation Lab Projects: Update on 
Tanzania Projects. [Oral Presentation]. AquaFish African Regional Meeting, Kampala, Uganda, 9-
12 January 2017.  

Chenyambuga, S.W. and N.A. Madalla. 2017. Contribution of Small-Scale Aquaculture to Rural 
Livelihoods in Tanzania. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 
26-30 June 2017.  

Chenyambuga, S.W. M.M. Kibodya, B.V. Mnembuka, K.O. Osewe, R. Lochmann and K. Quagrainie. 
2010. Use of Moringa olifera and Leucaena leucocephala to Improve Cost Efficiencies in Tilapia 
Oreochromis niloticus Feed. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 
2010. 

Chenyambuga, S.W., E.E. Msuya, and N.A. Madalla. 2016. Assessment of Value Chain of Farmed Nile 
Tilapia (Oreochromis niloticus) in Coastal and Lake Zones of Tanzania. [Oral Presentation]. Asian 
Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Chenyambuga, S.W., J. Buru, B.V. Mnembuka, N. Madalla, R. Lochmann and K. Quagrainie. 2011. 
Comparative Growth Performance of Nile Tilapia (Oreochromis niloticus) Grown Under Mixed-



 

 
 

126 

sex, Monosex And Polyculture Systems in Small-scale Ponds in Tanzania. [Oral Presentation]. 
Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011.  

Chow, M. and H.S. Egna. 2015. Gender Dimensions in Disaster Management: Implications for Coastal 
Aquaculture and Fishing Communities in the Philippines. [Poster Presentation]. American Fisheries 
Society 145th Annual Meeting, Portland, Oregon, US, 16-20 August 2015.  

Chow, M. and H.S. Egna. 2016. Gender Dimensions of Disaster Management: Building Resilience for 
Coastal Aquaculture and Fishing Communities in the Philippines. [Poster Presentation]. Sixth 
Global Symposium on Gender in Aquaculture and Fisheries, Eleventh Asian Fisheries and 
Aquaculture Forum, Bangkok, Thailand, 3-7 August 2016.  

Chow, M. and H.S. Egna. 2018. Which Author is Which Gender Authorship Position as A Proxy for the 
Status of Gender in Aquaculture Literature. [Oral Presentation]. Aquaculture America 2018, Las 
Vegas, Nevada, 19-22 February 2018. 

Chow, M. and H.S. Egna. 2018. Which Author is Which Gender Authorship Position as A Proxy for the 
Status of Gender in Aquaculture Literature. [Poster Presentation]. Aquaculture America 2018, Las 
Vegas, Nevada, 19-22 February 2018. 

 Chow, M., B. Goodwin, S. Ichien, K. Goetting, and H.S. Egna. 2016. Improving Feed Quality, 
Availability, and Cost with Alternative Feeds and Feeding Regimes for Smallholder Aquaculture 
Operations. [Poster Presentation]. Eleventh Asian Fisheries and Aquaculture Forum, Bangkok, 
Thailand, 3-7 August 2016.  

Chow, M., J. West, and H.S. Egna. 2016. Examining Gender Authorship in Aquaculture Journals. [Poster 
Presentation]. Sixth Global Symposium on Gender in Aquaculture and Fisheries, Eleventh Asian 
Fisheries and Aquaculture Forum, Bangkok, Thailand, 3-7 August 2016.  

Comparative Growth Performance of Oreochromis niloticus, Clarias gariepinus and Cyprinus carpio at a 
High-Altitude Environment. [Oral Presentation]. World Aquaculture 2017, Cape Town, South 
Africa, 26-30 June 2017. 

Contreras Sánchez, W., M. de Jesus Contreras-Garcia, A. Mcdonal-Vera. 2011. Sex Inversion of the 
Native Cichlid Petenia splendida Using Oral Administration of 17amethyltestosterone. [Oral 
Presentation]. Aquaculture America 2011, New Orleans, Louisiana, US, 28 February-3 March 2011.  

Contreras-Sanchez, W., G. Márquez-Couturier, M. De Jesus Contreras-García, C. Jesús Vázquez-
Navarrete. 2011. Growth of the Tropical Gar Atractosteus tropicus during the First Year of Age is 
Not Related to Sex. [Oral Presentation]. Aquaculture America 2011, New Orleans, Louisiana, US, 
28 February-3 March 2011.  

Contreras-Sanchez, W., M. De Jesús Contreras-García, U. Hernández-Vidal, A.M. Vera, R. Patiño. 2011. 
Advances in Fat Snook Centropomus parallelus Reproduction in Captivity, Tabasco, Mexico. [Oral 
Presentation]. Aquaculture America 2011, New Orleans, Louisiana, US, 28 February-3 March 2011.  

Coulibaly, H., L. Liu, D.Yuan, A. Toure, J.S. Bowman, and H.S. Egna. 2011. Promoting Sustainable 
Rice- Fish Aquaculture in Irrigated Systems in Mali. [Poster Presentation]. The Ninth International 
Symposium on Tilapia in Aquaculture with the Ninth Asian Fisheries and Aquaculture Forum, 
Shanghai, China, 21-23 April 2011. 

Darko, F. 2011. Consumer Preference for Farmed Tilapia and Catfish in Ghana and Kenya. [Oral 
Presentation]. Aquaculture America 2011, New Orleans, Louisiana, US, 28 February-3 March 2011.  

Deck, C.A., S.A. Salger, K. Fatema, and R.J. Borski. 2018. Effects of Nutritional conditioning on Growth 
of Nile Tilapia Fry.  [Poster Presentation]. AQUA 2018, Montpellier, France, 25-29 August 2018. 

Deck, C.A., S.A. Salger, K. Fatema, and R.J. Borski. 2018. Effects of Nutritional conditioning on Growth 
of Nile Tilapia Fry. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 
February 2018. 

 De Jesus-Ayson, E.G. 2009. Initiatives of SEAFDEC AQD on Stock Enhancement and Important 
Lessons Learned. [Seminar Presentation]. Second Meeting of the Regional Advisory Committee on 
Fisheries Management in Southeast Asia, Bangkok, Thailand, 2-4 September 2009. 

De Jesus-Ayson, E.G. 2009. Overview of Department Programs R&D Activities: Marine Fish, Crustacean, 
Seaweeds Strain Improvement, Abalone and other Mollusks, Smallholders’ Freshwater Aquaculture, 



 

 
 

127 

Aquatic Ecology. [Seminar Presentation]. R&D Review of Progress and Planning Workshop, 
SEAFDEC AQD, Iloilo, Philippines, September 2009. 

De Jesus-Ayson, E.G. 2009. SEAFDEC AQD RD&E Initiatives Towards Sustainable Aquaculture 
Development. [Seminar Presentation]. Faculty of Fisheries, Hokkaido University, Hakodate, Japan, 
6 February 2009. 

De Jesus-Ayson, E.G. 2011. Culture Of Marine Fish. [Oral Seminar]. Workshop on Fisheries and 
Aquaculture and Climate Change, Tuguegarao, Philippines. 

De Jesus-Ayson, E.G. 2011. Marine Fish Culture. [Oral Presentation]. Training for Trainers on Marine 
Fish Hatchery and Culture (for BFAR RFTC) Iloilo, Philippines. 

De Jesus-Ayson, E.G. 2011. SEAFDEC AQD R&D : Status And Plans For 2011. [Oral Presentation]. 
Meeting of the SEAFDEC Program Committee Bangkok, Thailand.  

De Jesus-Ayson, E.G. 2011. SEAFDEC AQD R&D Initiatives On Sea Cucumber. [Oral Presentation]. 
Japan International Research Center for Agricultural Sciences (JIRCAS) Project Meeting, Tsukuba, 
Japan.  

De Jesus-Ayson, E.G. 2011. SEAFDEC AQD R&D Opportunities For Aquaculture Ventures and 
Livelihood Options. [Oral Presentation]. Joint SEAFDEC AQDBFAR Regional Fisheries Training 
Centers Worshop for Technology Dissemination Tigbauan, Iloilo, Philippines. 

De Jesus-Ayson, E.G. 2011. SEAFDEC AQD R&D: Status And Plans For 2011. [Oral Presentation]. 
Meeting of SEAFDEC AQD Technical Advisory Committee, Quezon City, Philippines.  

De Jesus-Ayson, E.G. and R.J. Borski. 2009. Alternative Feeding Strategies to Improve Milkfish 
Production. [Presentation]. Aquaculture America 2009, Seattle, Washington, US, 14-18 February 
2009. 

De Jesus-Ayson, E.G. and W.G. Gallaro. 2011. Maintaining the Integrity of The Environment Through 
Responsible Aquaculture and Adapting to Climate Change. [Oral Presentation]. ASEAN-
SEAFDEC Conference on Sustainable Fisheries for Food Security Towards 2020 (Fish for the 
People 2020: Adaptation to a Changing Environment) Bangkok, Thailand.  

De Jesus-Ayson, EG. 2008. Impacts of Climate Change on Aquaculture in Southeast Asia [Presentation]. 
ASEAN-SEAFDEC Regional Consultation on Emerging Regional Fisheries Policy Issues, 
Bangkok, Thailand, 15-16 July 2008. 

De Jesus-Ayson. E.G. 2011. Marine Fish Culture. [Oral Presentation]. Training Course for Marine Fish 
Hatchery and Culture (regular training course for participants from ASEAN member countries) 
Iloilo, Philippines.  

De-Jesus-Ayson, E.G. 2009. SEAFDEC AQD RD&E Thrusts and Services. [Oral Presentation]. Fisheries 
Forum. Iloilo City, Philippines, 26 March 2009. 

Deck, C.A., S.A. Salger, K. Fatema, and R.J. Borski. 2018. Effects of Nutritional conditioning on Growth 
of Nile Tilapia Fry. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 
February 2018. 

Diana, J.S. 2007. Use of Cages in Pond Aquaculture to Reclaim Wastes from Intensive Feeding of Fish. 
[Presentation]. American Soybean Association Sponsored Workshop on Cage Culture in Egypt, 
Cairo, Egypt, 15 May 2007.  

Diana, J.S. 2008. Ecological Aspects of Fertilizing and Feeding Regimes Used to Improve Efficiency of 
Pond Culture for Nile Tilapia. [Presentation]. American Soybean Association Sponsored Meeting 
of Fish Farmers from Egypt, Cairo, Egypt, 27 April 27 2008. 

Diana, J.S. 2008. Outreach, Acceptance, and Success of Pond Aquaculture in Promoting Rural Economy 
and Social Stability. [Presentation]. American Soybean Association Sponsored Meeting of Fish 
Farmers from Egypt, Cairo, Egypt, 27 April 27 2008. 

Diana, J.S. 2009. Aquaculture Production & Biodiversity Conservation. [Oral Presentation]. Michigan 
Aquaculture Association, Ann Arbor, MI, US. 

Diana, J.S. 2017. Why Do So Many Americans React Negatively to Increasing Aquaculture in the US? 
[Oral Presentation]. National Aquaculture Extension Conference, Boise, Idaho, USA, 5-9 June 
2017.  



 

 
 

128 

Diana, J.S. and C.K. Lin. 2010. Dr. Yang Yi: A Memorial. [Oral Presentation]. Aquaculture 2010, San 
Diego, US, 2-5 March 2010. 

Diana, J.S. and Y. Yi. 2010. Advances in Optimizing Pond Culture Systems. [Oral Presentation]. 
Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Diana, J.S. N.P. Pandit, M.K. Shrestha. 2018. Do Household Fish Ponds Improve Family Nutrition? A 
Study in Nepal. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 
February 2018. 

Diana, J.S., Y. Yi, et al. 2009. Outreach, Acceptance, and Success of Pond Aquaculture in Promoting 
Rural Economy and Social Stability. [Oral Presentation]. Aquaculture 2009, Seattle, Washington, 
US, 14-18 February 2009. 

Disease Conditions Using Banana (Musa sp.) Leaf Extracts in Uganda. [Oral Presentation]. Aquaculture 
America 2014, Seattle, Washington, US, 9-12 February 2014. 

Douros, J., D. Baltzegar, B. Reading, and R. Borski. 2015. Novel Function of Leptin as a Stimulator of 
Glycolysis. [Oral Presentation]. North American Society of Comparative Endocrinology, Ottawa, 
Canada, 21-25 June 2015.  

Duc, P.M. and T.T.T. Hien. 2018. Studies on Fungi and Bacteria Infection to Snakehead Channa striata 
Culture in the Mekong Delta Vietnam. [Poster Presentation]. AQUA 2018, Montpellier, France, 
25-29 August 2018. 

Duc, P.M., T.T.T. Hien, N.V. Khanh, T.T.T. Hoa, T.M. Phu, and D. Bengtson. 2018. Pellet Feed 
Improvements Through Vitamin C Supplementation for Snakehead Fish Channa striata Culture 
in Vietnam. [Oral Presentation]. International Sustainable Agricultural Intensification and 
Nutrition, Phnom Penh, Cambodia, 10-13 January 2018. 

Duodu C.P., D. Adjei-Boateng, R. Edziyie, N.W. Agbo, G. Owusu-Boateng, B.K. Larsen, and P.V. Skov. 
2017. Influence of Processing Techniques on the Proximate Composition, Amino Acid Profile, and 
Some Phytochemicals of Selected Oilseed By-Products of Potential Use in Animal Feed. [Oral 
Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Edwards, P., C. Price, S. Ichien, and H.S. Egna. 2013. Building Capacity and Developing Technology to 
Alleviate Poverty through Sustainable Aquaculture Development: AquaFish Research in Asia. 
[Poster Presentation]. Asian-Pacific Aquaculture 2013, Ho Chi Minh City, Vietnam, 10-13 
December 2013.  

Edwards, P., C. Price, S. Ichien, and H.S. Egna. 2013. Building Capacity in Developing Countries to 
Provide Opportunities for Enhancing Sustainable Aquaculture. [Poster Presentation]. Tenth 
International Symposium on Tilapia in Aquaculture (ISTA10), Jerusalem, Israel, 6-10 October 
2013.  

Edwards, P., J. Borberg, and H.S. Egna. 2014. Gender Equity in Aquaculture: Women in the Aquaculture 
Value Chain. [Poster Presentation]. Aquaculture America 2014, Seattle, Washington, US, 9-12 
February 2014.  

Edziyie, R.E., S. Gyamfi, K.A. Obirikorang, E. Frimpong, and D. Adjei-Boateng. 2018. Zooplankton 
Populations in Tilapia Ponds Fed with Different Diets. [Oral Presentation]. AQUA 2018, 
Montpellier, France, 25-29 August 2018. 

Edziyie, R., R. Abera, J. Afagachie, N. Agbo, and R. Lochmann. 2017. Protein and Lipid Composition of 
Indigenous Oilseeds in Ghana and Their Potential Use in Animal Feeds. [Oral Presentation]. 
Aquaculture America, San Antonio, Texas, US, 19-22 February 2017.  

Edziyie, R.E., A.T. Abachie, K.A. Obirikorang, D. Adjei-Boateng, and E.A. Frimpong. 2017. Growth and 
Survival of Nile Tilapia under Nursery Conditions. [Oral Presentation]. World Aquaculture 2017, 
Cape Town, South Africa, 26-30 June 2017.  

Effect of Age of Broodfish on the Grow-out Performance of Nile Tilapia, Oreochromis niloticus L., 
Fingerlings in Earthen Ponds. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Egna, H.S. 2007. AquaFish CRSP Overview. [Oral Presentation]. The AquaFish CRSP Finalist 
Orientation Meeting, Washington DC, US, May 2007. 



 

 
 

129 

Egna, H.S. 2008. AquaFish CRSP Program Updated. [Oral Presentation] The AquaFish CRSP Annual 
Meeting, Busan, Korea, 18 May 2008. 

Egna, H.S. 2011. AquaFish CRSP Update. [Oral Presentation]. CRSP Council Meeting 2011, Des Moines, 
Iowa, October 2011. 

Egna, H.S. 2011. AquaFish CRSP: Final Year Considerations. [Oral Presentation] AquaFish CRSP 2011 
Annual Meeting, The Ninth International Symposium on Tilapia in Aquaculture with the Ninth 
Asian Fisheries and Aquaculture Forum, Shanghai, China, 21-23 April 2011. 

Egna, H.S. 2011. Challenges Facing Aquaculture Development and What the AquaFish CRSP is Doing 
About Them. [Oral Presentation]. Triad Oregon State University Faculty Club, Corvallis, Oregon, 
US, May 2011. 

Egna, H.S. 2011. Introduction: Why Are Air-Breathing Fishes of Such Great Interest & Appeal? [Oral 
Presentation]. AquaFish CRSP Air Breathing Fishes Symposium, Shanghai, China. 18 April 2011. 

Egna, H.S. 2011. Recent Developments in Setting Research Priorities for International Agriculture: The 
“Feed the Future” Initiative. [Oral Presentation]. Exploring World Agriculture Course, Oregon 
State University, May 2011. 

Egna, H.S. 2012. Aquaculture trends and strategic partnerships. [Invited Speaker] Kenya Department of 
Fisheries, July 2012.  

Egna, H.S. 2012. Keynote Speaker of Workshop on Value Chain Analysis with WIOMSA. [Invited 
Speaker] Tanzania, July 2012. 

Egna, H.S. 2012. US University Partnerships and Collaborations with USAID in Strategic Planning and 
Implementation of its Agriculture Development Agenda through the CRSP Mechanism. [Oral 
Presentation] BIFAD-CRSP Council Meeting, Washington DC, US. April 2012. 

Egna, H.S. 2013. Library Donation Program. [Invited Presentation]. Kwame Nkrumah University of 
Science and Technology, Kumasi, Ghana, July 2013.  

Egna, H.S. 2013. Two Rules of Thumb for Every Fish Culturist. [Invited Presentation] BMP Workshop, 
Western Region School of Mines, Tarkwa, Ghana, July 2013. 

Egna, H.S. 2015. Linking Human Nutrition and Sustainable Aquaculture: AquaFish Innovation Lab 
Strategies from Africa and Asia. [Oral Presentation]. Coastal Women’s Shellfish Aquaculture 
Development Workshop, Zanzibar, Tanzania, 29 July 2015.  

Egna, H.S. 2015. Pond to Platter: Linking Human Nutrition and Sustainable Aquaculture in Africa [Oral 
Presentation]. USAID Feed the Future Innovation Labs Annual Partners Meeting, Lilongwe, 
Malawi, 20-23 April 2015.  

Egna, H.S. 2017. Alternative Protein Considerations from Farmed Aquatic Animal-Source Foods in Our 
Diets. [Invited Speaker]. SeaWeb Seafood Summit, Seattle, Washington, US, 5-8 June 2017.  

Egna, H.S. 2017. Animals in Production Systems: Needs, Challenges, and Opportunities. [Invited 
Speaker]. Feed the Future Innovation Labs West Africa Regional Partners Meeting: Identifying 
Agricultural Research Priorities and Strengthening Partnerships, Dakar, Senegal, 6-8 February 2017.  

Egna, H.S. and H. Rea. 2009. AquaFish CRSP General Concept and Organization. [Oral Presentation] 
The AquaFish CRSP Annual Meeting, Aquaculture America 2009, Seattle, Washington, US, 14-18 
February 2009. 

Egna, H.S. and H. Rea. 2010. AquaFish CRSP General Concept and Organization. [Oral Presentation]. 
The AquaFish CRSP Annual Meeting, Aquaculture 2010, San Diego, California, US, 27 February-5 
March 2010. 

Egna, H.S. and J. Borberg. 2017. Impact Assessment on Alternative Feeding Strategies and Feed 
Ingredients. [Oral Presentation]. AquaFish African Regional Meeting, Kampala, Uganda, 9-12 
January 2017.  

Egna, H.S. and J. Borberg. 2017. Impact Assessment on Alternative Feeding Strategies and Feed 
Ingredients. [Oral Presentation]. AquaFish Asia Regional Meeting, Bharatpur, Nepal, 28 February-
4 March 2017.  



 

 
 

130 

Egna, H.S. and S. Ichien. 2010. Poverty Alleviation in Developing Countries through Sustainable 
Solutions in Aquaculture and Fisheries. [Poster Presentation]. IIFET 2010, Montpellier, France, 
July 2010. 

Egna, H.S. and Y. Yi. 2011. Library Dedication. [Oral Presentation]. The Ninth International Symposium 
on Tilapia in Aquaculture with the Ninth Asian Fisheries and Aquaculture Forum, Shanghai, China, 
21-23 April 2011. 

Egna, H.S., J. West, and M. Chow. 2017. Assessing the Authorship Gender Gap in Aquaculture Related 
Publications. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 June 
2017.  

Egna, H.S., M. Chow, and J. West. 2016. Examining Gender Authorship in Aquaculture Journals. [Oral 
Presentation]. Sixth Global Symposium on Gender in Aquaculture and Fisheries, Eleventh Asian 
Fisheries and Aquaculture Forum, Bangkok, Thailand, 3-7 August 2016.  

Egna, H.S., N. Gitonga, and L. Reifke. Challenges of Including Gender Dimensions in Biotechnological 
Research. [Oral Presentation]. Third Global Symposium on Gender in Aquaculture and Fisheries at 
the Ninth Asian Fisheries and Aquaculture Forum. Shanghai, China, 21-23 April 2011. 

Egna, H.S., P. Edwards, and F. Evans. 2013. Improvements to Human Health and Nutrition through 
Shellfish Aquaculture. [Poster Presentation]. Asian-Pacific Aquaculture 2013, Ho Chi Minh City, 
Vietnam, 10-13 December 2013. 

Egna, H.S., P. Edwards, and S. Ichien. 2013. Building Capacity and Developing Technology to Alleviate 
Poverty through Sustainable Aquaculture Development— AquaFish Research In Asia. [Poster-
submitted] Asian-Pacific Aquaculture 2013, Ho Chi Minh City, Vietnam, 10-13 December 2013. 

Egna, H.S., P. Herring, T. Woods and J. Hino. 2010. Success Stories and You. Working with the Media- 
helpful Hints for Telling Your Story. [Oral Presentation]. The AquaFish CRSP Annual Meeting, 
Aquaculture 2010, San Diego, California, US, 27 February-5 March 2010. 

Egna, H.S., S. Ichien, and L. Sawyer. 2012. The Leaky Pipeline for Women in Aquaculture. [Oral 
Presentation]. Aquaculture America 2012, Las Vegas, Nevada, US, 29 February-2 March 2012. 

Evans, F. and H.S. Egna. 2013. Using Bivalve Aquaculture to Improve Food Security and Livelihoods in 
Developing Countries. [Poster Presentation]. Aquaculture 2013, Nashville, Tennessee, US, 21- 25 
February 2013.  

Evans, F., J.S. Bowman, L. Reifke, and H.S. Egna. 2011. Promoting Sustainable Aquaculture and 
Fisheries Development through Capacity Building: A Synopsis of Short- and Long-term Training 
Conducted by the AquaFish CRSP. [Poster Presentation]. The Ninth International Symposium on 
Tilapia in Aquaculture with the Ninth Asian Fisheries and Aquaculture Forum, Shanghai, China, 
21-23 April 2011. 

Evans, F., J.S. Bowman, L. Reifke, and H.S. Egna. 2012. Capacity Building for Sustainable Aquaculture 
and Fisheries Development: A Review of Long- and Short-Term Training Conducted by the 
Aquafish CRSP From 2006 To 2011. [Poster Presentation]. Aqua 2012, Prague, The Czech 
Republic, 1-5 September 2012. 

Evans, F., K. Goetting, and H.S. Egna. 2018. Supporting Development of Non-Fed, Low-trophic 
Aquaculture Systems to Address Food Security and Economic Growth in Coastal Communities in 
Africa, Asia, and Latin America. [Poster Presentation]. Aquaculture America 2018, Las Vegas, 
Nevada, 19-22 February 2018. 

Evans, F., S. Ichien, and H.S Egna. 2009. Developing Sustainable Aquaculture Feed Technologies to 
Reduce Poverty and Increase Food Security in Vietnam, the Philippines, Guyana, and Tanzania. 
[Poster Presentation]. World Aquaculture 2009, Veracruz, Mexico, September 2009. 

Evans, F., S. Ichien, and H.S. Egna. 2010. AquaFish CRSP: Advancing Research, Education, and 
Outreach in Aquatic Resources through International Partnerships. [Poster Presentation]. 
Aquaculture 2010, San Diego, CA, 27 February-5 March 2010. 

Evans, F., S. Ichien, and H.S. Egna. 2011. Developing Sustainable Shellfish and Algal Production 
Systems to Increase Food Security in Latin America and Asia. [Poster Presentation]. American 
Fisheries Society Annual Meeting, Seattle, Washington, US, September 2011. 



 

 
 

131 

Evans, F., S. Ichien, and H.S. Egna. 2012. Domestication of Indigenous Species to Increase Food Security 
and Alleviate Poverty in Developing Countries. [Poster Presentation]. Aqua 2012, Prague, The 
Czech Republic, 1-5 September 2012. 

Evans, F., S. Ichien, and H.S. Egna. 2012. Enhancing Economic and Trade Opportunities in Aquaculture 
Markets to Alleviate Poverty and Increase Food Security in Africa, Asia and Latin America. [Poster 
Presentation]. Aquaculture America 2012, Las Vegas, Nevada, US, 29 February-2 March 2012. 

Evans, F., S. Ichien, L. Morrison, and H.S. Egna. 2010. Mitigating the negative environmental impacts of 
aquaculture practices. [Poster Presentation] Aquaculture 2010, San Diego, CA, 27 February-5 
March 2010. 

Fatema, K., M.A. Wahab, S.A. Tahmid, A. Pandit, S.M. Masud Rana, S.S. Suchana, T.Naher, Md. 
Faridujjaman, S.M. Haque, H.S. Egna and R.J. Borski. 2018. Economic Benefits of Reduced Feed 
Inputs and Polyculture of Tilapia with Major Indian Carps. [Oral Presentation]. Aquaculture 
America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Fatema, M.K. 2016. An Overview of Women in Aquaculture and Fisheries in Bangladesh. [Oral 
Presentation]. Sixth Global Symposium on Gender in Aquaculture and Fisheries, Bangkok, 
Thailand, 3–7 August 2016.  

Fatema, M.K., M.A. Wahab, S.A.S.A. Tahmid, A. Pandit, S.M.M. Rana, S.M. Haque, and R.J. Borski. 
2016. Production and Economic Benefits of Reduced Feed Inputs and Addition of Indian Carp 
(rohu) on Nile Tilapia Growout in Ponds. [Oral Presentation]. Asian-Pacific Aquaculture 
Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Fitzsimmons, K. 2010. Global Tilapia Production: Sustainable Source of Seafood. [Oral Presentation]. 
Cowen and Associates New York, New York.  

Fitzsimmons, K. 2010. Tilapia: The Aquatic Chicken and its Role Leading the Aquaculture Industry. 
[Oral Presentation]. AllTech, Lexington, Kentucky, US.  

Fitzsimmons, K. 2010. Utilization of Local Feed Ingredients for Freshwater Aquaculture. [Oral 
Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Fitzsimmons, K. 2014. Aquaponics in Arizona and Beyond. [Oral Presentation]. Congresso Acuicultura 
Chile, La Serena, Chile.  

Fitzsimmons, K. 2014. FFA Program and Competition in Aquaculture. [Oral Presentation]. Aquaculture 
America 2014, Seattle, Washington, US, 9-12 February 2014.  

Fitzsimmons, K. 2014. Global Tilapia Production and Market Situation in 2014. [Oral Presentation]. 
World Aquaculture 2014, Adelaide, Australia, 7-11 June 2014.  

Fitzsimmons, K. 2014. Status of Aquaponics 2014-Auburn. [Oral Presentation]. Aquaculture Course, 
Auburn, Alabama.  

Fitzsimmons, K. 2017. Supply and Demand in Tilapia Markets. [Oral Presentation]. World Aquaculture 
2017, Cape Town, South Africa, 26-30 June 2017. 

Fitzsimmons, K., Martinez, Naim, P. Ramotar. 2011. Tilapia 2011 - Swimming Against the Tide: 
Increased Consumption in a Down Market. [Oral Presentation]. Aquaculture America 2011, New 
Orleans, Louisiana, US, 28 February-3 March 2011.  

Fitzsimmons, K., S. Naim, and Alghanim. 2010. Tilapia: 2009 State of the Industry Report. [Oral 
Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Fitzsimmons, K.. 2008. Restoration of Aquaculture in Ache, Indonesia – Seaweed in Shrimp Ponds. 
[Presentation]. World Aquaculture 2008, Busan, Korea, 19-23 May 2008. 

Fitzsimmons,K., Martinez, and Gonzalez. 2011. Why Tilapia is Becoming the Most Important Food Fish 
on the Planet. [Oral Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), 
Shanghai, China, 21-25 April 2011.  

Frimpong E.A. 2017. Setting a National Aquaculture Production Target and Missing It Mightily: 
Reviewing and Explaining Causes for the Case of Ghana. [Oral Presentation]. World Aquaculture 
2017, Cape Town, South Africa, 26-30 June 2017. 



 

 
 

132 

Frimpong E.A. 2017. The Low-Productivity Syndrome of Tilapia in Sub-Saharan Africa: Shallow Ponds, 
In-Pond Reproduction and Poor Aquafeeds in Ghana. [Oral Presentation]. World Aquaculture 2017, 
Cape Town, South Africa, 26-30 June 2017.  

Frimpong, E. and S. Amisah. 2009. Evaluating Pond Aquaculture Effluents Through Biological 
Assessment of Fish and Benthic Macroinvertebrate Assemblages in Receiving Waters. 
[Presentation]. Aquaculture 2009, Seattle, Washington, US, 14-18 February 2009. 

Frimpong, E., S. Amisah, and Y. Ansah. 2010. Relationship among Management Practices, Pond Water 
Quality, and Receiving Stream Integrity in Central Ghana. [Oral Presentation]. Aquaculture 2010, 
San Diego, US, 2-5 March 2010. 

Frimpong, E.A., Y.B. Ansah, S. Amisah, and D. Adjei-Boateng. 2014. Using On-farm Experiments to 
Untangle the Causes of Low Productivity of Tilapia Oreochromis niloticus Grown in Ponds in 
Ghana. [Oral Presentation]. Aquaculture America 2014, Seattle, Washington, US, 9-12 February 
2014.  

Fynn, I. and E.A. Frimpong. 2014. Estimating the Actual and Potential Production Capacity of 
Aquaculture Ponds in Ghana. [Oral Presentation]. Aquaculture America 2014. Seattle, Washington, 
US, 9-12 February 2014.  

Gao, Z., K. Abbas, and W. Wang. 2010. Genetic Diversity, Population, Structure, and Phylogenetics of 
Yellowcheek Carp Elopichthys bambusa as Revealed by Microsatellites Markers and Cytochrome 
B Sequences. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

García-ortega, A., G. Rodríguez Montes De Oca, J. Roman-Reyes, G. Rodríguez-Dominguez, and M. 
Haws. 2011. Improvement of Growth and Survival in Hatchery Produced Larvae of Pacific Fat 
Sleeper Dormitator latifrons. [Oral Presentation]. AquaFish CRSP Air Breathing Fish Meeting, 
Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011. 

Gharti, K., G.P. Lamasal, and S.K. Wagle. 2016. Observation of the Performance of Wild Jalkapur Fry 
(Pseueutropius murus batarensis) in Ponds in Trishuli, Nuwakot. [Poster Presentation]. Eleventh 
Asian Fisheries and Aquaculture Forum, Bangkok, Thailand, 3–7 August 2016.  

Goetting, K, M. Chow, and H.S. Egna. 2016. Development of Innovation Feed Technologies and 
Strategies for Small-holder Aquaculture Operations. [Poster Presentation]. Aquaculture America 
2016, Las Vegas, Nevada, US, 22-26 February 2016.  

Goetting, K. 2014. AquaFish: Feeding the Future through Sustainable Aquaculture and Fisheries 
Research. [Invited Speaker]. Oregon State University, Peace Corps and USAID: How Beavers are 
Feeding the Future, Oregon State University, Corvallis, Oregon, US,  27 February 2014.  

Goetting, K. 2017. Empowering Women and Strengthening Communities: Gender Integration in 
Aquaculture. [Oral Presentation]. Aquaculture America, San Antonio, Texas, US, 19-22 February 
2017.  

Goetting, K., C. Price, F. Evans, and H.S. Egna. 2013. Improving Human Health and Nutrition through 
Shellfish Aquaculture. [Poster Presentation]. Asian-Pacific Aquaculture 2013, Ho Chi Minh City, 
Vietnam, 10-13 December 2013.  

Goetting, K., C. Price, M. Chow, S. Ichien, and H.S. Egna. 2014. Identifying and Implementing Best 
Management Practices for Small-scale Aquaculture in Sub-Saharan Africa. [Poster Presentation]. 
Aquaculture America 2014, Seattle, Washington, US, 9-12 February 2014. 

Goetting, K., C. Price, S. Ichien, and H.S. Egna. 2013. Developing Human and Institutional Capacity in 
the Aquaculture, Fisheries, and Aquatic Resources Sectors. [Poster Presentation]. Board of 
International Food and Agricultural Development (BIFAD) World Food Prize, Des Moines, Iowa, 
US, October 2013.  

Goetting, K., J. Borberg, F. Evans, and H.S. Egna. 2017. Research and Technology Innovations in Mobile 
Phone-Based Fish Information Systems in Ghana, Kenya, and Uganda. [Poster Presentation]. World 
Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Goetting, K., L. Carroll, B. Goodwin, S. Bodman, and H.S. Egna. 2017. Building Human Capacity and 
Gender Equity among Global Aquaculture Stakeholders. [Poster Presentation]. Aquaculture 
America, San Antonio, Texas, US, 19-22 February 2017.  



 

 
 

133 

Goetting, K., M. Chow, C. Price, and H.S. Egna. 2015. Adapting Best Management Practices for 
Enhancing the Profitability of Small-scale Aquaculture in Ghana, Tanzania, and Kenya. [Poster 
Presentation]. Aquaculture America 2015, New Orleans, Louisiana, US, 19-22 February 2015. 

Goodwin, B., A. Hyman, J. Borberg, S. Ichien, and H.S. Egna. 2017. Empowering Women and Youth 
Can Advance Sustainable Aquaculture and Increase Food Security. [Poster Presentation]. World 
Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Goodwin, B., J. Borberg, S. Ichien, and H. Egna. 2017. Training Women and Youth to Enhance 
Sustainable Aquaculture and Increase Food Security. [Poster Presentation]. Aquaculture America, 
San Antonio, Texas, US, 19-22 February 2017.  

Ha, N.T.N., T.T.M. Thu, and T.T.T. Hien. 2014. A Study of Processing Dried Snakehead Fish (Channa 
striata) Applying for the Small-scale Production. [Oral Presentation]. International Fisheries 
Symposium 2014, Surabaya, Indonesia, 30 October-1 November 2014.  

Ha, N.T.N., T.T.M. Thu, and T.T.T. Hien. 2015. Effects of Storage Temperatures, Adding Sticky Rice 
Wine, and Glycerol on Chemical, Microbial, and Sensory Attributes of Dried Snakehead Fish 
(Channa striata). [Poster Presentation]. World Aquaculture 2015, Jeju, South Korea, 26-30 May 
2015.  

Halasi, G.Z., T.S. Hyuha, S.K. Chimatro, H. Egna, J.J. Molnar, W. Ekere, G. Elepu, and P. Walekwa. 
2017. Consumer Preferences and Consumption Patterns for Fish in Uganda. [Poster Presentation]. 
African Regional Meeting, Kampala, Uganda, 9-12 January 2017.  

Halasi, G.Z., T.S. Hyuha, W. Ekere, G. Elepu, P. Walekwa, J.J. Molnar, S.K. Chimatro and H.S. Egna. 
2018. Consumer Preferences and Consumption Patterns for Fish in Uganda. [Oral Presentation]. 
Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Haque, S., M.N. Hoque, and S.M. Haque. 2018. Status of Women in Different Socio-cultural Context of 
Aquaculture Based Societies: A Case Study from Bangladesh. [Poster Presentation]. Aquaculture 
America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Haque, S.M. A. Rahman, J. Saha, T. Toma, S. Haque, M.A. Wahab, H.S. Egna, and R.J. Borski. 2018. 
Growth and Production Performance of Air-breathing Climbing Perch (Anabas testudenius) and 
Major Carps in Polyculture. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 
19-22 February 2018. 

Haque, S.M., F. Reza, R. Rumana, H. Islam, R.J. Borski, and H. Egna. 2018. Effects of Combining Shing 
(Heteropneustes fossilis) at Different Stocking Densities on Production and Economic Benefits of 
Koi-Carp Polyculture. [Poster Presentation]. AQUA 2018, Montpellier, France, 25-29 August 
2018. 

Haque, S.M., I. Kaiser, M. Dutta, M.A. Wahab, and R.J. Borski. 2016. Effects of Reduced Feeding 
Strategies for Combined Polyculture of Two Major Carps (rohu and catla) with shing catfish 
(Heteropneustes fossilis). [Oral Presentation]. Asian-Pacific Aquaculture Conference 2016, 
Surabaya, Indonesia, 26–29 April 2016.  

Haque, S.M., M. Dutta, I. Kaisar, M. Alam, H.S. Egna, and R. Borski. 2017. Semi-Intensive Polyculture 
of Climbing Perch with Indian Carps. [Oral Presentation]. World Aquaculture 2017, Cape Town, 
South Africa, 26-30 June 2017.  

Haque, S.M., M. Rahman, S.B. Satu, R.J Borski, and H.S. Egna. 2016. Improving Nutritional Status and 
Livelihoods for Marginalized Women Households in Southwest Bangladesh through Aquaculture. 
[Oral Presentation]. Sixth Global Symposium on Gender in Aquaculture and Fisheries, Bangkok, 
Thailand, 3–7 August 2016. 

Hasanuddin, H. and M. Rimmer. 2011. Brackishwater Polyculture of Tilapia with Milkfish in Aceh, 
Indonesia. [Oral Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, 
China, 21-25 April 2011.  

Haws, M.C. 2008. Goals and Objectives of CRSP Human Health Program. [Presentation]. International 
Workshop on Bivalve Sanitation and Culture, Culiacan and Santiago Ixcuintla, Mexico, 21-27 
September 2008. 



 

 
 

134 

Haws, M.C., A. Saborio-Coze, N. Hernandez, M.J. Almanza and E. Sandoval. 2008. Water Quality 
Monitoring for Development of Shellfish Sanitation Plans for Three Estuaries in Nicaragua. [Poster 
Presentation]. World Aquaculture 2008, Busan, South Korea, 20-23 May 2008. 

Haws, M.C., E. Gaxiola-Camacho, G. Rodriguez-Dominguez, O. Calvario-Martinez, and G. Rodriguez-
Dominguez. 2009. Human Health and Aquaculture: Bivalve Farming and Sanitation in Sinaloa and 
Nayarit, Mexico. [Oral Presentation]. Aquaculture 2009, Seattle, Washington, US, 14-18 February 
2009. 

Haws, M.C., G. Rodríguez-Domínguez, O. Calvario Martinez, L.E. Corona Osuna and E. Gaxiola-
Camacho. 2010. Concentration of Organic Material in Oyster (Crassostrea corteziensis) Growing 
Waters at Boca De Camichin, Nayarit, Mexico. [Oral Presentation]. Aquaculture 2010, San Diego, 
US, 2-5 March 2010. 

Haws, M.C., G. Rodriguez-Dominguez, O. Calvario-Martinez, L.E. Corona-Osuna and E. Gaxiola-
Camacho. 2009. Concentration of Organic Matter in Oyster (Crassostrea corteziensis) Growing 
Waters at Boca de Camichin, Nayarit, Mexico. [Oral Presentation]. Aquaculture 2009, Seattle, 
Washington, US, 14-18 February 2009. 

Haws, M.C., Gaxiola-Camacho, E., G. Rodríguez-Domínguez, O.Calvario-Martinez, M.C. Velásquez, J. 
Supan, F. Martínez-Cordero, and Q.S.W. Fong. 2007. Management Strategies for Oyster Culture, 
Crassostrea gigas and C. cortesiensis, in Sinaloa and Nayarit, Mexico. [Oral Presentation]. World 
Aquaculture 2008, Busan, South Korea, 20-23 May 2008. 

Haws, M.C., N. Hernandez, C. Rivas, J.R. Bravo, B. Crawford. 2009. Accomplishments of the SUCCESS 
and CRSP Program in Nicaragua. [Oral Presentation]. SUCCESS Program Closing Event, 
Chinandega, Nicaragua, April 2009.  

Hernandez and K. Fitzsimmons. 2010. Comparative Analysis Between Polyculture and Monoculture 
Systems to Measure the Effect of Tilapia Fish (Oreochromis niloticus) on the Production of Shrimp 
(Litopenaeus vannamei) in a water Recirculation System. [Oral Presentation]. Aquaculture 2010, 
San Diego, US, 2-5 March 2010. 

Hernandez-Acosta, M., R. Otero, K. Fitzsimmons. 2010. Positive Effects of Diets Supplemented with 
Nutrafito Plustm on the Growth of Pacific White Shrimp Litopenaeus vannamei: A Review. [Oral 
Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Hernandez, N. 2009. Accomplishments of the CRSP Program. [Oral Presentation]. Celebration of Earth 
Day, Asseradores, Nicaragua, April 2009. 

Hernandez, N. 2009. Accomplishments of the CRSP Program. [Oral Presentation]. Small Entrepreneurs 
Conference, Managua, Nicaragua. 

Hernandez, N. 2011. Applying Good Management Practices in Aquaculture. [Oral Presentation]. 
MAGFOR Meeting, Chinandega, Nicaragua.  

Hernandez, N. 2011. Governance for Sustainable Uses in Coastal Ecosystems. [Oral Presentation]. 
Friends of the San Juan River Foundation, San Juan, Nicaragua.  

Hernandez, N., E. Sandoval, and J.R. Bravo. 2011. Contributions by CIDEA. [Oral Presentation]. 
Definitions of Indicators of the National System of Quality under the Trade Support Program 
PACE-BID/2244BL-NI, Managua, Nicaragua.  

Hernandez, N., E. Sandoval, J.R. Bravo. 2011. Contributions by CIDEA. [Oral Presentation]. Revision of 
the Regulation ISO 17021 "Evaluation of the Compliance and Requirements for the Institutions that 
Conduct Auditing and Certification for Developing Systems," Managua, Nicaragua.  

Hien, H.V. 2010. Role of Fishing Activities to the Households in Flooded Areas of the Mekong Delta. 
[Oral Presentation]. National Workshop of Students & Research, Cantho City, Vietnam.  

Hien, H.V., L.X. Sinh, and N.D. Can. 2010. Role of Fishing Activities to the Households in Flooded 
Areas of the Mekong Delta. [Oral Presentation]. National Workshop of Students and Research in 
Aquaculture & Fisheries Can Tho University, Cantho City, Vietnam. 

Hien, T.T.T., D.A. Bengtson, R. Pomeroy, N. So, P. Chheng, and H. Navy. 2017. Improved Snakehead 
(Channa striata) Health Status through Vitamin C. [Oral Presentation]. AquaFish Asia Regional 
Meeting, Bharatpur, Nepal, 28 February – 4 March 2017.  



 

 
 

135 

Hien, T.T.T., L.V. Minh, N.H.D. Trung, C.M. Lee, and D.A. Bengtson. 2010. Replacement of Fish Meal 
by Soybean Meal with Alphagalactosidase in Diets for Snakehead Channa striata. [Oral 
Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Hien, T.T.T., P.M. Duc, N.V. Tien, T.T.M. Thu, and N.M. Ha. 2015. Research Progress Report on Project 
Meeting. [Oral Presentation]. Project Meeting, Phu Quoc Island, Vietnam, January 2015.  

Hien, T.T.T., P.M. Duc, T.M. Phu, T.L.C. Tu, D.T.M. Thy, and D. Bengtson. 2016. Evaluating Growth 
Performance and Immune Responses of Snakehead (Channa striata) by Feeding Plant Protein Diets 
Supplemented with Mannan Oligosaccharide. [Oral Presentation]. Asian-Pacific Aquaculture 
Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Hien, T.T.T., PM. Duc, N.V. Khanh, T.T.T. Hoa, T.M. Phu and D.A. Bengtson. 2018. Pellet Feed 
Improvements Through Vitamin C Supplementation for Snakehead Fish Channa striata Culture in 
Vietnam. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 
2018. 

Hien, T.T.T., T.L.C. Tu, T.M. Phu, P.M. Duc, B.M. Tam, H.V. Hien, P. Chheng, P. Nen, N. So, R. 
Pomeroy, H. Egna, and D.A. Bengtson. 2018. Developing Pellet Feeds for Snakehead Channa 
striata Culture in Vietnam and Cambodia. [Poster Presentation]. AQUA 2018, Montpellier, 
France, 25-29 August 2018. 

Hien, T.T.T., T.L.C. Tu, N.V. Tien, N.B. Trung, T.M. Phu, and D. Bengtson. 2015. Effects of Replacing 
Fishmeal with Soy Protein Concentrate on Growth, Feed Efficiency, and Digestibility in Diets for 
Snakehead (Channa striata). [Poster Presentation]. World Aquaculture 2015, Jeju, South Korea, 
24-29 November 2015.  

Hien, T.T.T., T.L.C. Tu, T.M. Phu, and N.V. Tien. 2014. The Use of Soy Protein in Tra Catfish 
(Pangasionodon hypophthalmus), Snakehead (Channa striata) and Knife Fish (Chitala chitala). 
[Oral Presentation]. Regional AquaFeed Forum 6th, Nha Trang University, Nha Trang, Vietnam, 
24-29 November 2014.  

Hinshaw, J., R.J. Borski, H. Daniels, D. Green, and B. Reading. 2014. North Carolina State University 
Aquaculture – Research Update. [Oral Presentation]. Aquaculture Development Conference, New 
Bern, North Carolina, US, 20-22 February 2014. 

Hoa, N.P. and Y. Yi. 2010. Prey Foraging Habits of Marble Goby (Oxyeleotris marmoratus) Fingerlings 
to Different Prey Types. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Hoa, N.P., V.P. Tung, N.V. Bao, N.V. Tu. 2018. Investigating the Effects of Different Feed and 
Probiotics on the Survival and Growth of Goby (Oxyeleotris marmorata Bleeker 1852) 3-45 Days 
Old. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Huhya, T. 2010. Prospects of Aquaculture Enterprises in Poverty Reduction in Uganda. [Oral 
Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Hung, L.T. 2008. Effect of Allzyme SSF on Growth Performance and Feed Utilization in Tra and Basa 
catfish fingerlings Pangasius hypophthalmus and Pangasius bocourti. [Presentation]. World 
Aquaculture 2008, Busan, South Korea, 20-23 May 2008. 

Hung, L.T. 2011. Impacts of the Introduction of Alien Tilapias (Oreochromis spp.) on the Fisheries and 
Biodiversity of Indigenous Species in Tri An Reservoir, Vietnam. [Oral Presentation]. Ninth Asian 
Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011. 

Huq, K.A., S.S. Islam, J. Bir, W. Sabbir, S.M. Haque, and R.J. Borski. 2018. Integrated Mola Fish and 
Gher/Freshwater Prawn Farming with Dyke Cropping to Increase Household nutrition and 
Earnings for Rural Farmers in Southwest Bangladesh. [Poster Presentation]. AQUA 2018, 
Montpellier, France, 25-29 August 2018. 

Huq, K.A., S.S. Islam, W. Sabbir, J. Bir, S.M. Haque and R.J. Borski. 2018. Integration of Mola 
Amblypharyngodon mola in Prawn-carp Gher Farming Systems to Increase Household Nutrition 
and Earnings for Rural Farmers in Southwest Bangladesh. [Oral Presentation]. Aquaculture 
America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Huq, K.A., W. Sabbir, S.S. Islam, J. Bir, S.M. Haque, M.A. Wahab, and R. Borski. 2017. Brood Mola 
Stocking Density in Prawn and Carp Farming to Increase Household Nutrition for Rural Farmers in 



 

 
 

136 

Southwest Bangladesh. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 
26-30 June 2017. 

Hyman, A., A. Dew, M.H. McCormick, S. Ichien, J. Borberg, K, Goetting, and H.S. Egna. 2018. 
Improving Climate Resilience through the Culture of Native and Adaptive Species. [Poster 
Presentation]. Oregon Chapter of the American Fisheries Society 54th Annual Meeting, Eugene, 
Oregon, 13-16 March 2018. 

Hyman, A., C. Ensminger, S. Ichien, and H.S. Egna. Data Management in Aquaculture: Abiding by the 
U.S. Federal Data Quality Act. [Poster Presentation]. Aquaculture America 2018, Las Vegas, 
Nevada, 19-22 February 2018. 

Hyman, A., S. Bodman, K. Goetting, and H.S. Egna. 2017. Research Informs Policy to Lift Cambodian 
Snakehead Farming Ban. [Poster Presentation]. Aquaculture America, San Antonio, Texas, US, 19-
22 February 2017.  

Hyuha, T. 2011. Market Assessment and Profitability Analysis of Aquaculture Enterprises In Uganda. 
[Oral Presentation]. International Academy of African Business Development Edmonton, Alberta.  

Hyuha, T. 2011. Profitability Analysis of Aquaculture for Small Scale Farmers in Central Uganda. [Oral 
Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 
April 2011.  

Hyuha, T. 2018. A Comparative Analysis of Fish Trade in Uganda: Gender Perspective. [Oral 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Hyuha, T.S., J. Molnar, H.S. Egna, W. Ekere, and G. Halasi. 2017. Marketing Strategy of Farmed Fish in 
Central Uganda. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 
June 2017.  

Hyuha, T.S., J. Molnar, J. Bukenya, and W. Cornelius. 2014. Gender Perspectives in Processing and 
Handling of Aquaculture Products in Uganda. [Oral Presentation] Aquaculture America 2014, 
Seattle, Washington, US, 9-12 February 2014.  

Hyuha, T.S., J. Walakira, and J.J. Molnar. 2017. Assessment of Market Opportunities for Small-Scale 
fishers. [Oral Presentation]. AquaFish African Regional Meeting, Kampala, Uganda, 9-12 January 
2017.  

Ichien, S. and H.S. Egna. 2011. Addressing the Goals and Objectives of the Feed The Future Initiative: 
Enhancing the Profitability of Small Aquaculture Operations in Ghana, Kenya, and Tanzania. 
[Poster Presentation]. The Ninth International Symposium on Tilapia in Aquaculture with the Ninth 
Asian Fisheries and Aquaculture Forum, Shanghai, China, 21-23 April 2011. 

Ichien, S. and H.S. Egna. 2011. Developing and improving the culture of indigenous species. [Poster 
Presentation]. World Aquaculture 2011, Natal, Brazil, 6-10 June 2011. 

Ichien, S. and H.S. Egna. 2011. Investigating the Relationship Between Rural Aquaculture Development 
and Biodiversity. [Poster Presentation]. World Aquaculture 2011, Natal, Brazil, 6-10 June 2011. 

Ichien, S. and H.S. Egna. 2012. Evaluating Technology Adopting by the Small-Scale Aquaculture 
Operations in Developing Countries for Improved Productivity and Profitability. [Poster 
Presentation]. IIFET 2012, Dar es Salaam, Tanzania. July 2012. 

Ichien, S. and H.S. Egna. 2012. Evaluating Value Chains and Consumer Preferences in Asian and African 
Aquaculture to Help Overcome Unemployment and Poverty. [Poster Presentation]. IIFET 2012, 
Dar es Salaam, Tanzania. July 2012. 

Ichien, S. and H.S. Egna. 2012. The Promise of Air-Breathing Fishes for Developing Sustainable 
Aquaculture in a Climate Changing Future. [Poster Presentation]. Aquaculture America 2012, Las 
Vegas, Nevada, US, 29 February-2 March 2012. 

Ichien, S. and H.S. Egna. 2013. Exploring Opportunities for the Culture of Indigenous Air Breathing Fish 
for Climate Change Adaptation. [Poster Presentation] Aquaculture 2013, Nashville, Tennessee, US, 
21-25 February 2013. 

Ichien, S. and H.S. Egna. 2016. At the Nexus of Food Water: Fish for a Food Secure Future. [Poster 
Presentation]. The Food-Energy-Water Nexus – Sixteenth National Conference and Global Forum 
on Science, Policy, and the Environment, Washington, DC, US, 19-21 January 2016.  



 

 
 

137 

Ichien, S., A. Hyman, B. Goodwin, J. Borberg, and H.S. Egna. 2017. Exploring Climate-Resilient 
Adaptations of Farmed Fish for Climate-Smart Aquaculture in Africa. [Poster Presentation]. World 
Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Ichien, S., B. Goodwin, J. Borberg, and H. Egna. 2017. Exploring Climate-Resilient Adaptations of 
Farmed Fish for Climate-Smart Aquaculture. [Poster Presentation]. Aquaculture America, San 
Antonio, Texas, US, 19-22 February 2017. 

Ichien, S., C. Stephen, and H.S. Egna. 2011. Addressing the Impacts of Semi-intensive Aquaculture on 
Biodiversity: Developing and Improving the Culture of Indigenous Species. [Poster Presentation]. 
American Fisheries Society Annual Meeting, Seattle, Washington, September 2011. 

Ichien, S., F. Evans, and H.S. Egna. 2010. AquaFish CRSP: Fostering the Development and Exchange of 
Sustainable Aquaculture and Fisheries Management Practices Worldwide. [Poster Presentation]. 
Aquaculture America 2009, Seattle, Washington, US. 14-18 February 2009. 

Ichien, S., F. Evans, and H.S. Egna. 2011. Mitigating the Negative Environmental Impacts of Aquaculture 
Practices: Developing Sustainable Feed Technologies. [Poster Presentation]. The Ninth 
International Symposium on Tilapia in Aquaculture with the Ninth Asian Fisheries and Aquaculture 
Forum, Shanghai, China, 21-23 April 2011. 

Ichien, S., H.S. Egna, and M. Harte. 2010. The Energetic Implications of Fisheries Processing Waste and 
Fishmeal/Fuel By-products. [Oral Presentation]. NOAA Energy Use in Fisheries Conference 
Proceedings, Seattle, Washington, US. 

Ichien, S., J. Borberg, and H.S. Egna .2018. A Geospatial Analysis of the Social and Ecological Tradeoffs 
of Air-Breathing Fish Aquaculture for Decision Making in a Changing Climate. [Poster 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Ichien, S., J. Borberg, J. Hawkins, and H.S. Egna. 2015. The Potential Role of Air-breathing Fish in 
Enhancing Climate Resilience for Small-scale Fish Farmers. [Poster Presentation]. American 
Fisheries Society 145th Annual Meeting, Portland, Oregon, US, 16-20 August 2015.  

Ichien, S., K. Goetting, C. Price, and H.S. Egna. 2016. Aquaculture Education for Development: 
Empowering a Diverse Community of Aquaculture Researchers and Professionals. [Poster 
Presentation]. Aquaculture America 2016, Las Vegas, Nevada, US, 22-26 February 2016.  

Ichien, S., L. Morrison, and H.S. Egna. 2011. Hydrology, Water Harvesting, and Watershed Management 
for Food Security, Income, and Health in Uganda: Small Impoundments for Aquaculture and Other 
Community Uses. [Poster Presentation]. CRSP Council Meeting, Uganda, June 2011. 

Ichien, S., L. Morrison, and H.S. Egna. 2011. Improving Livelihoods in Africa through Advances in 
Aquaculture Productivity and Watershed Management. [Poster Presentation]. CRSP Council 
Meeting, Uganda, June 2011. 

Ichien, S., L. Reifke, C. Stephen, F. Evans, J.S. Bowman, and H.S. Egna. 2011. Supporting the 
Development of Sustainable Aquaculture and Fisheries through Capacity Building and Gender 
Integration. [Poster Presentation]. World Aquaculture 2011, Natal, Brazil, 6-10 June 2011. 

Ichien, S., M. Chow, and H.S. Egna. 2016. Integrating the Culture of Indigenous Species with 
Climatesmart Aquaculture. [Poster Presentation]. Eleventh Asian Fisheries and Aquaculture Forum, 
Bangkok, Thailand. 3-7 August 2016.  

Ichien, S., P. Edwards, C. Price, and H.S. Egna. 2013. Building Human and Institutional Capacity in 
Developing Countries to Provide Equal Opportunities for Women and Men for Enhancing 
Sustainable Aquaculture. [Poster Presentation]. Tenth International Symposium on Tilapia in 
Aquaculture (ISTA10), Jerusalem, Israel, 6-10 October 2013. 

Ichien, S., P. Edwards, C. Price, and H.S. Egna. 2013. Optimizing Small-Scale Tilapia Culture for 
Improved Health and Income Generation in Developing Countries. [Poster Presentation]. Tenth 
International Symposium on Tilapia in Aquaculture (ISTA10), Jerusalem, Israel, 6-10 October 
2013.  

Improving the Well-being of Bangladeshi Women Mud Crab Culturist Using a Value Chain Analysis. 
[Oral Presentation]. Asian-Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 
2016. 



 

 
 

138 

Islam, M.A.,K.A. Huq, N. Jahan, S.M. Haque and R.J. Borski Integrated Aquaculture-Horticulture Based 
Production Strategies to Meet the Challenges of Micronutrient-deficient Malnutrition. [Poster 
Presentation]. Global Workshop on Nutrition-Sensitive Fish Agri-food Systems, Siem Reap, 
Cambodia, 5-8 December 2017.  

Isyagi, N. 2011. Pond Construction. [Oral Seminar]. Makerere University, Uganda. 
Isyagi, N. and J. Walakira. 2011. Fish Health Management. [Oral Presentation]. Training Conference for 

Uganda Fish Farmers, Umoja, Kakiri, Uganda. 
Jamandre, W., U. Hatch, S. Biswas, E. Quinitio, M.A.Wahab, S. Haque, and R.J. Borski. 2016.  
Jamandre, W.E. 2007. Economic Evaluation of Freshwater Aquaculture Technologies and Policies in 

Selected Production Systems. [Oral Presentation]. Philippine Department of Agriculture-Bureau of 
Agricultural Research, Diliman Quezon City, Philippines, August 2007. 

Jamandre, W.E. 2007. Economic Evaluation of Freshwater Aquaculture Technologies and Policies in 
Selected Production Systems. [Presentation]. Philippine Department of Agriculture-Bureau of 
Agricultural Research, Diliman Quezon City, Philippines, August 2007. 

Jamandre, W.E., U. Hatch, R.B. Bolivar, and R.J. Borski. 2011. Improving the Supply Chain of Tilapia 
Industry in the Philippines. [Oral Presentation]. Ninth Asian Fisheries and Aquaculture Forum 
(9AFAF), Shanghai, China, 21-25 April 2011.  

Jha, D.K. N.P. Pandit, R. Ranjan, I.S. Mahato, M.K. Shrestha, J.S. Diana, and H.S. Egna 2018. Impacts of 
School Ponds on human Nutrition and Health in Nepal. [Poster Presentation]. AQUA 2018, 
Montpellier, France, 25-29 August 2018. 

Jha, D.K. N.P. Pandit, N.B. Khanal, I.S. Mahato, M.K. Shrestha, J.S. Diana, and H.S. Egna. 2018. A 
School Pond Education Program for Creating Awareness on Aquaculture in Nepal. [Oral 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Jha, D.K., N.P. Pandit, I.S. Mahato, M. Shrestha, and J.S. Diana. 2016. Establishing School Ponds for 
Educating Students to Improve Health and Nutrition of Children and Women in Rural Nepal. [Oral 
Presentation]. Asian-Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Jha, D.K., N.P. Pandit, I.S. Mahato, M.K. Shrestha, and J.S. Diana. 2017. Establishing School Ponds for 
Educating Students to Improve Health and Nutrition of Children and Women in Rural Nepal. [Oral 
Presentation]. AquaFish Asia Regional Meeting, Bharatpur, Nepal, 28 February – 4 March 2017.  

Jha, D.K., R. Bhujel, and A.K. Anal. 2016. Carp brood stock management in private hatcheries of Nepal. 
[Poster presentation]. 11th Asian Fisheries and Aquaculture Forum, Bangkok, Thailand, 3–7 
August 2016.  

Jha, S., S. Rai, M.K. Shrestha, and J.S. Diana. 2016. Growth and Production of Carp and SIS in 
Periphyton Enhanced System. [Oral Presentation]. Asian-Pacific Aquaculture Conference 2016, 
Surabaya, Indonesia, 26–29 April 2016.  

Jha, S.K, J. Bista, N.P. Pandit, M.K. Shrestha, and J.S. Diana. 2016. Spawning Response of Sahar Tor 
putitora in Terai region of Nepal. [Oral Presentation]. Asian-Pacific Aquaculture Conference 2016, 
Surabaya, Indonesia, 26–29 April 2016.  

Jiddawi, N. 2018. Sustainable Pearl Farming Using New Techniques of Spat Collectors in Zanzibar. [Oral 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Jiddawi, N.S. and M. Haws. 2017. Women Involvement in Coastal Activities and Community Based 
Mariculture in Zanzibar. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 
26-30 June 2017.  

Jiddawi, N.S., and M.C. Haws. 2016. Sustainable Pearl Farming in Africa Using New Spat Collection 
Techniques. [Oral Presentation]. Asian-Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 
26–29 April 2016.  

Johnstone III, W.M., D.A. Baltzegar, and R.J. Borski. 2009. Characterization of Serum and 
Glucocorticoid Induced Kinases (SGK) in a Teleost fish, the Mozambique tilapia (Oreochromis 
mossambicus). [Presentation]. Society of Integrative and Comparative Biology, Boston, 
Massachusetts, US, 3-7 January 2009. 



 

 
 

139 

Johnstone III, W.M., R.A. Alyea, K.A. Mills, P. Thomas, and R.J. Borski. 2011. Identification of a 
Putative Plasma Membrane Glucocorticoid Receptor in the Mozambique Tilapia (Oreochromis 
mossambicus) Poster North American Society of Comparative Endocrinology, Ann Arbor, 
Michigan, US. 

Keeler, B. 2014. Optimal Stocking Density for Small Indigenous Species within a Large Carp Polyculture 
System in Rural Nepal. [Oral Presentation]. Aquaculture America 2014, Seattle, Washington, US, 
9-12 February 2014.  

Kempke, S., J.S. Diana, D.P. Thakur. Investigating Ecosystem-Level Impacts of Shrimp Farm 
Eutrophication in Thailand through Stable Isotope Ratio Analysis, and Evaluation of Eco-
certifications Potential to Support Related Best Management Practices. [Poster Presentation]. 
Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Khanal, N., and M.K. Shrestha. 2016. Status of Pangasius (Pangasiondon hypopthalamus) Aquaculture in 
Nepal. [Poster Presentation]. Eleventh Asian Fisheries and Aquaculture Forum, Bangkok, Thailand, 
3–7 August 2016.  

Kiddu, B. 2017. WAFICOS: A Case of Fish Farmer Cooperation in Uganda. [Oral Presentation]. 
AquaFish African Regional Meeting, Kampala, Uganda, 9-12 January 2017.  

Kisasira, L. 2010. Aquaculture Pond Construction Guidelines for Sustainable Micro-watershed 
Development in Uganda. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Kosciuch, K,, J.R. Bowman, and H.S. Egna. 2007. Global Capacity Building in Sustainable Aquaculture: 
Contributions of Aquaculture CRSP. [Poster Presentation]. Aquaculture 2007, San Antonio, Texas, 
US, 26 February-2 March 2007. 

Ling, C. and J.S. Diana. 2009. Determining the Ecological Footprint of Shrimp Aquaculture through Life 
Cycle Analysis (LCA). [Oral Presentation]. Aquaculture 2009, Seattle, Washington, US, 14-18 
February 2009. 

Liu, L. 2011. Status and Sustainability Analysis of the Tilapia Aquaculture in China. [Oral Presentation]. 
Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011. 

Liu, L., D. Yuan, J.H.. Bowman, Y. Yi, H. Coulibaly, and H.S. Egna. 2010. Lessons from Asia for Rice-
Fish Culture in Mali in West Africa. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 
March 2010. 

Liu, L., K. Li, T. Chen, Y. Yi, and J.S. Diana. 2010. Effect of the Microcystis aeruginosa on the Water 
Flea Daphnia magna and the Red Swamp Crayfish Procambarus clarkia. [Oral Presentation]. 
Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Liu, L.. 2008. Microcystins in Aquaculture Systems – Their Endangerment and Research Progress in 
Detection and Elimination Methods. [Presentation]. World Aquaculture 2008, Busan, South Korea, 
20-23 May 2008. 

Lokman, A., Md. A. Wahab, and R. Borski. 2015. Development of Pangasius Catfish (Pangasius 
hypopthalmus) Culture in Hyposaline Waters of Southern Bangladesh. [Oral Presentation]. World 
Aquaculture 2015, Jeju, South Korea, 26-30 May 2015.  

Lukuyu, B. 2017. Livestock Agri-Foods Systems: CGIAR Research Program. [Oral Presentation]. 
AquaFish African Regional Meeting, Kampala, Uganda, 9-12 January 2017.  

Macaria, S.K., C.C. Ngugi, K. Quagrainie, B. Wamubeyi, H. Ong’anda. 2011. Aquaculture Suitability 
Assessment. [Oral Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, 
China, 21-25 April 2011.  

Madalla, N., L. Hezron, and S. Chenyambuga. 2018. Development of Technique for Mass Production of 
Housefly (Musca domestica) maggots. [Oral Presentation]. Aquaculture America 2018, Las Vegas, 
Nevada, 19-22 February 2018. 

Madalla, N.A., O.D. Kitojo, and S. Chenyambuga. 2014. Effect of Feeding Level and Frequency on 
Performance of Nile Tilapia Oreochromis niloticus Fed Diets Containing Moringa Leaf Meal and 
Sunflower Seed Cake. [Oral Presentation]. Aquaculture America 2014, Seattle, Washington, US, 9-
12 February 2014.  



 

 
 

140 

Madalla, N.A., T. Ally, and S.W. Chenyambuga. 2016. Evaluation of Housefly Musca domestica Maggot 
Meal as Protein Source in Nile tilapia Oreochromis niloticus Diets. [Oral Presentation]. Asian 
Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Madalla, N.A., T. Ally, and S.W. Chenyambuga. 2017. Earthworm Meal as a Protein Source in Nile 
Tilapia Oreochromis niloticus Diets. [Oral Presentation]. World Aquaculture 2017, Cape Town, 
South Africa, 26-30 June 2017.  

Mandal, R.B. and N.P. Pandit. 2015. Problem Assessment of Red Bloom Fish Pond. [Oral Presentation]. 
First NEFIS Convention, Kathmandu, Nepal, 30-31 January 2015.  

Mandal, R.B., S. Rai, M.K. Shrestha, D.K. Jha, and N.P. Pandit. 2016. Dynamics of Red Bloom Algae in 
Fishponds in Three Different Region of Nepal. [Poster Presentation]. Eleventh Asian Fisheries and 
Aquaculture Forum, Bangkok, Thailand, 3–7 August 2016.  

Mankiewicz, J., J. Taylor, J. Douros, D. Baltzegar, and R. Borski. 2015. In Vitro Regulation of Hepatic 
Leptin – A Synthesis and Secretion by Glucose and Stress Hormones in Tilapia (Oreochromis 
mossambicus). [Oral Presentation]. North American Society of Comparative Endocrinology, 
Ottawa, Canada, 21-25 June 2015.  

Manyala, J.O and C.C. Ngugi. 2017. Post-Graduate Teaching and Curriculum Development in 
Aquaculture and Fisheries Science in Sub-Sahara Africa: Demand, Present Opportunities and 
Future Potential. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 
June 2017.  

Manyala, J.O., K. Fitzsimmons, C. Ngugi, J. Ani, and H. Lubanga. 2014. Enhancement of Pond 
Productivity by Organic Manure Fertilization and Supplementary Feeding in Kenya [Oral 
Presentation]. Aquaculture America 2014, Seattle, Washington, US, 9-12 February 2014.  

Martinez-Garcia, R., M. Cifuentes-Alonso, M. Estrada Botello, A. Lopez Torres, M. Contreras-Garcia, A. 
De Jesus, Macdonal-Vera, E. Gonzalez-Arevalo, W. Contreras-Sanchez, and K. Fitzsimmons. 2011. 
Development of Sustainable Aquaculture Practices in Tabasco, Mexico Using Novel Iaa 
Technology. [Oral Presentation]. Aquaculture America 2011, New Orleans, Louisiana, US, 28 
February-3 March 2011.  

Martinez-Garcia, R., R. Ponzoni, N.N. Hong, K.R.A. Bakar, S. Nelson and K. Fitzsimmons. Effects of 
Salinity on Growth and Survival of GIFT Tilapia Oreochromis niloticus and Red Hybrid Tilapia 
Oreochromis niloticus x Orechromis. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 
March 2010. 

Matuha, M. 2015. Mobile Phone Use in Ugandan Aquaculture: Farmer Experiences and Aspirations. 
[Oral Presentation]. Aquaculture America 2015, New Orleans, Louisiana, US, 19-22 February 2015.  

Matuha, M., J. J. Molnar, G. Atukunda, J.K. Walakira, S. Namatovu and E. Nabafu. 2018. Design of 
Mobile Phone Application to Facilitate Information Sharing Among Fish Farmers in Uganda. [Oral 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Matuha, M., J.J. Molnar, J.K. Walakira, G. Atukunda, and I. Omiat. 2017. Design of Mobile Phone 
Application to Facilitate Information Sharing Among Fish Farmers in Uganda. [Poster 
Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Min, J. 2008. Biofilm Start-up on Different Filter Media. [Presentation]. World Aquaculture 2008, Busan, 
South Korea, 20-23 May 2008. 

Minh, T.H., H.V. Hien, N.T.K. Quyen, T.H. Tuan, N.T. Vang, T.D. Dinh, T.N. Hai, and R.S. Pomeroy. 
2015. An Assessment on Production Efficiency and Climate Change Impacts on Snakehead Culture 
(Channa striata) in the Mekong Delta, Vietnam. [Poster Presentation]. International Fisheries 
Symposium, Malaysia, 1–4 December 2015.  

Minh, T.H., T.N. Hai, and R. Pomeroy. 2016. Assessment on the Current Status of Snakehead Seed 
Production in the Mekong Delta, Vietnam. [Oral Presentation]. Asian-Pacific Aquaculture 
Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Mishra, R.N. 2016. Strategies to Attract Private Sector Investment in Aquaculture for Sself-sufficiency in 
Nepal. [Oral Presentation]. Eleventh Asian Fisheries and Aquaculture Forum, Bangkok, Thailand, 
3–7 August 2016.  



 

 
 

141 

Molnar, J. 2010. New Directions in Aquaculture Development in Uganda: Demonstration and Training to 
Advance a Nascent Industry. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 
2010. 

Molnar, J. 2011. Overcoming Institutional Barriers To Aquacutural Development In Sub-saharan Africa: 
New Initiatives To Ensure Sustainable Food Systems. [Oral Presentation]. Ninth Asian Fisheries 
and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011.  

Molnar, J., I. Omiat, M. Matuha, G. Atukunda, J. Walakira, T.S. Hyuha, J.O. Bukenya, C.E. Boyd, and S. 
Naigaga. 2017. Implementing a Mobile-Based Application for Marketing and Technical Support: 
Developing a Sustainable System for Fish Farmers in Uganda. [Oral Presentation]. World 
Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Molnar, J., M. Matuha, G. Atukunda, J. Walakira, J. Terhune, J. Bukenya, and S. Naigaga. 2016. 
Implementing Mobile Marketing and Technical Support for Fish Farmers: Uganda Grower 
Experiences and Aspirations. [Oral Presentation]. Asian-Pacific Aquaculture Conference 2016, 
Surabaya, Indonesia, 26–29 April 2016. 

Molnar, J.J. 2014. Using Cell Phones to Advance Aquaculture Development in Uganda. [Oral 
Presentation]. New Technologies & Industries Conference, Shenzhen, China, 2-5 September 2014.  

Munubi, R., P. Masumbuko, N. Madalla, S. Chenyambuga. 2018. Effects of Pond Water Replacement 
and Stocking Density on Water Quality, Plankton Abundance and Growth Performance of Tilapia 
Oreochromis niloticus. 

Mwangi, A.M., J. Jumbe, and C.C. Ngugi. 2017. Effects of Frequency of Grading on the Growth, 
Intra−Cohort Cannibalism and Economic Benefits of African Catfish (Clarias Gariepinus, Burchell, 
1822) Culture. [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 June 
2017.  

Naigaga, S. C.E. Boyd, J.J. Molnar. 2018. Suitability of Basic Water Quality Conditions for Aquaculture 
in Uganda. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 
2018. 

Naigaga, S., C.E. Boyd, P. Gaillard, and H. Abdelrahman. 2017. Assessing the Reliability of Water Test 
Kits for Use in Pond Aquaculture. [Oral Presentation]. Aquaculture America 2017, San Antonio 
Texas, US, 19-22 February 2017.  

Naim, S. 2010. The Potential of Antibacterial Activity and Green Water Produced by Genetically 
Supermale Indonesian Tilapia in Reducing Vibrio Attack and Stimulating Immune System of 
Shrimp. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Naim, S. 2011. Preliminary Study on Microbial Activity Associated with Tilapia Culture Against Vibrio 
harveyi. [Poster Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, 
China, 21-25 April 2011.  

Navy, H., P. Chheng, Touch, B, N. So, T.T.T. Hien, P.M. Duc, T.M. Phu, R. Pomeroy, and D.A. 
Bengtson. 2017. Outreach Activities in Cambodia. [Oral Presentation]. AquaFish Asia Regional 
Meeting, Bharatpur, Nepal, 28 February – 4 March 2017.  

Navy, H., T.H. Minh, and R.S. Pomeroy. 2016. Impacts of Climate Change on Snakehead Fish Value 
Chains in the Lower Mekong Basin of Cambodia and Vietnam. [Oral Presentation]. Asian-Pacific 
Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016. 

Ndanga, L. 2011. Value Chain Development for Tilapia and Catfish Products: Opportunities for Female 
Participation in Kenya. [Poster Presentation]. Aquaculture America 2011, New Orleans, Louisiana, 
US, 28 February-3 March 2011.  

Nen, P. and N. So. 2017. Sustainable Snakehead Aquaculture Development in the Lower Mekong Basin 
of Cambodia. [Oral Presentation]. AquaFish Asia Regional Meeting, Bharatpur, Nepal, 28 February 
– 4 March 2017.  

Nen, P., N. So, S.H. Pheng, and R. Pomeroy. 2016. Sustainable Snakehead Aquaculture Development in 
the Lower Mekong Basin of Cambodia. [Oral Presentation]. Asian-Pacific Aquaculture Conference 
2016, Surabaya, Indonesia, 26–29 April 2016. 



 

 
 

142 

Nen, P., P. Chheng, N. So, T.T.T Hien, B.M. Tam, H.S. Egna and D.A. Bengtson. 2018. Performance of 
Domesticated (Vietnamese) vs. Non-domesticated (Cambodian) Snakehead Channa striata During 
Weaning and Grow-out. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 
February 2018. 

Nen, P., P. Chheng, N. So, T.T.T Hien, B.M. Tam, H.S. Egna, and D.A. Bengtson. 2018. Performance of 
Domesticated (Vietnamese) vs. Non-domesticated (Cambodian) Snakehead Channa striata 
During Weaning and Grow-out. [Oral Presentation]. International Sustainable Agricultural 
Intensification and Nutrition, Phnom Penh, Cambodia, 10-13 January 2018. 

Ngugi, C. 2011. Aquatic Research for Development. [Oral Presentation]. KMFRI Annual Science 
Conference Naivasha, Kenya.  

Ngugi, C.C. and J.M. Amadiva. 2010. Marketing Farmed Fish in Kenya: Opportunities and Challenges. 
[Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Ngugi, C.C. and J.O. Manyala. 2017. Some Challenges and Opportunities in Capacity Building at Post 
Graduate Level in Fisheries and Aquaculture in East Africa. [Oral Presentation]. World 
Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017. 

Ngugi, C.C. and K. Quagrainie. 2009. Catfish-Clarias gariepinus Fingerlings as Bait for Lake Victoria 
Commercial Fisheries. [Presentation]. Aquaculture 2009, Seattle, Washington, US, 14-18 February 
2009. 

Ngugi, C.C. and K. Quagrainie. 2010. Efficient Pont Design Strategies for a Variety of Environments. 
[Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Ngugi, C.C. Contributions of the Aquaculture Collaborative Research Support Program to the 
Development of Fish Farming in Kenya. World Aquaculture 2008, Busan, South Korea, 20-23 May 
2008. 

Ngugi, C.C., G. Kuria, K. Quagrainie, and S. Macharia. 2011. Effects of Stocking Density on the Growth, 
Survival and Yield Performance of Nile Tilapia (Oreochromis niloticus, Linn. 1858) in an 
Integrated Cage-cum-pond Culture System. Ninth Asian Fisheries and Aquaculture Forum 
(9AFAF), Shanghai, China, 21-25 April 2011.  

Ngugi, C.C., H.S. Egna, E.O. Okoth, and J.O. Manyala. 2017. Growth, Yields and Economic Benefit of 
Nile Tilapia (Oreochromis niloticus) Fed Diets Formulated from Local Ingredients in Cages. [Oral 
Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Nisbet, D. 2008. Oyster Farming and Post Harvest Treatment at Willapa Bay, Washington. [Presentation]. 
International Workshop on Bivalve Sanitation and Culture, Culiacan and Santiago Ixcuintla, 
Mexico, 21-27 September 2008. 

Obado, E. 2016. The Effect of Commercial and Experimental Diets on Growth Performance of 
Oreochromis niloticus L. Fingerlings Reared in Hapas Suspended in Earthen Ponds. [Oral 
Presentation]. University of Eldoret Biannual International Conference, Kenya.  

Obado, E., J. Ani Sabwa, J.O Manyala, K. Fitzsimmons, and C.C. Ngugi. 2017. The Effect of 
Commercial and Experimental Diets on Growth Performance of Oreochromis niloticus Fingerlings 
Reared in Hapas in Uasin Gishu County, Kenya. [Oral Presentation]. World Aquaculture 2017, 
Cape Town, South Africa, 26-30 June 2017.  

Obado, E., J. Ani, P.O. Raburu, J.O. Manyala, C. Ngugi, K. Fitzsimmons, and H. Egna. 2018. Effects of 
Lysine and Methionine Supplementation and Cost-Effectiveness in Production of Nile Tilapia 
Diets (Oreochromis niloticus) in Western Kenya. [Poster Presentation]. AQUA 2018, Montpellier, 
France, 25-29 August 2018. 

Obirikorang, K.A., M.E. Goode, S. Gyamfi, R.E. Edziyie, S. Amisah. 2018. Digestibility and Ammonia 
Excretion Rates of Low-Cost Nursery Diets for Nile Tilapia (Oreochromis niloticus) Fry. [Oral 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Obirikorang, K.A., N.W. Agbo, C. Obirikorang, D. Adjei-Boateng, S.E. Ahiave, and P.V. Skov. 2018. 
Effects of Varying Water Flow Rates on the Growth Performance and Welfare of Nile Tilapia 
(Oreochromis niloticus) Reared in a Recirculating Aquaculture System. [Poster Presentation]. 
AQUA 2018, Montpellier, France, 25-29 August 2018. 



 

 
 

143 

Omiat, I. 2017. Mobile Phone Technology. [Oral Presentation]. AquaFish African Regional Meeting, 
Kampala, Uganda, 9-12 January 2017.  

Pandit, N.P. 2014. Effect of Different Fertilization and Feeding Systems on Water Quality and Growth 
Performance in Nile Tilapia Oreochromis niloticus. [Oral Presentation]. Aquaculture America 2014, 
Seattle, Washington, US, 9-12 February 2014.  

Pandit, N.P. 2014. Growth Performance and Gonadal Development of Heat-induced Sterile Nile Tilapia, 
Oreochromis niloticus. [Oral Presentation]. Aquaculture America 2014, Seattle, Washington, US, 
9-12 February 2014.  

Pandit, N.P. 2014. Identification of Immunological Response Analysis of tnf13 (April) Gene in Grass 
Carp, Ctenopharyngodon idella. [Poster Presentation]. Aquaculture America 2014, Seattle, 
Washington, US, 9-12 February 2014.  

Pandit, N.P., and M.K. Shrestha. 2016. Status of Tilapia Culture in Nepal. [Poster Presentation]. Eleventh 
Asian Fisheries and Aquaculture Forum, Bangkok, Thailand, 3–7 August 2016.  

Pandit, N.P., J. D. Bista, R. Ranjan, M.K. Shrestha, and J.S. Diana. 2018. Effect of Stocking Density on 
Fry Survival and Growth of Sahar Tor putitora. [Oral Presentation]. Aquaculture America 2018, 
Las Vegas, Nevada, 19-22 February 2018. 

Pandit, N.P., R. Ranjan, M.K. Shrestha, J.S. Diana, and H.S. Egna 2018. A Comparison of Monoculture 
and Polyculture of Nile Tilapia with Carps in Earthen Pond System in Nepal. [Poster 
Presentation]. AQUA 2018, Montpellier, France, 25-29 August 2018. 

Phen, C. and N. So. 2011. Fisheries Resources Management in Cambodia. [Oral Presentation]. Ninth 
Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011.  

Picha, M.E., C.N. Strom, A. McGinty, and R.J. Borski. 2008. Insulin-like Growth Factor-I: A Robust 
Growth Biomarker of Complete Catch-up Growth Induced through Feeding and Temperature in 
Hybrid Striped Bass. [Presentation]. Sixth International Symposium on Fish Endocrinology, 
Calgary, Canada, 22-27 June 2008.  

Pomeroy, R., D. Bengtson, T.T.T. Hien, D.T. Yen, T.H. Minh, and P.M. Duc. 2017. Improving Food 
Security, Household Nutrition and Trade through Sustainable Aquaculture in Cambodia and 
Vietnam. [Oral Presentation]. AquaFish Asia Regional Meeting, Bharatpur, Nepal, 28 February – 4 
March 2017.  

Price, C. 2013. Aquaculture in the Modern World. [Invited speaker] Marine Resource Management 
Graduate Seminar, Oregon State University, Corvallis, Oregon, 25 November 2013.  

Price, C., H.S. Egna, and K. Goetting. 2014. You Already Have What it Takes to Get a Good Job. 
[Invited Presentation]. Aquaculture America 2014, Seattle, Washington, US, 9-12 February 2014.  

Price, C., K. Goetting, H. Demmin, and H.S. Egna. 2015. Global Experiment Central Database: The 
World’s Largest Inventory of Standardized Pond Aquaculture Data. [Poster Presentation]. 
American Fisheries Society 145th Annual Meeting, Portland, Oregon, US, 16-20 August 2015.  

Price, C., P. Edwards, J. Borberg, H. Demmin, K. Goetting, and H.S. Egna. 2015. Innovative Fish Feeds 
and Nutrient Input Systems for Small-scale Aquaculture in Africa and Asia. [Poster Presentation]. 
American Fisheries Society 145th Annual Meeting, Portland, Oregon, US, 16-20 August 2015. 

Price, C., S. Ichien, and H.S. Egna. 2013. Optimizing Small-scale Tilapia Culture for Improved Health 
and Income Generation in Developing Countries. [Poster Presentation]. Tenth International 
Symposium on Tilapia in Aquaculture (ISTA10), Jerusalem, Israel, 6-10 October 2013.  

Price, C., S. Ichien, and H.S. Egna. 2014. Strategies for Reducing Feed Costs in Smallholder Tilapia 
Aquaculture. [Poster Presentation]. Aquaculture America 2014, Seattle, Washington, US,  9-12 
February 2014. 

Price, C., S. Ichien, and H.S. Egna. 2015. Human and Institutional Capacity Development in Aquaculture 
Centers for Higher Education. [Poster Presentation]. Aquaculture America 2015, New Orleans, 
Louisiana, US, 19-22 February 2015.  

Price, C., S. Ichien, and H.S. Egna. 2016. Cell Phone Fish Marketing Networks in Kenya, Ghana, and 
Uganda. [Poster Presentation]. Aquaculture America 2016, Las Vegas, Nevada, US, 22-26 February 
2016. 



 

 
 

144 

Qiumin, L. 2008. Application of Water Purification Technology in Intensive Shrimp Culture. 
[Presentation]. World Aquaculture 2008, Busan, South Korea, 20-23 May 2008. 

Qiuming, L. 2009. Changing and Development Trend of Shrimp Culture in China. [Oral Presentation]. 
Shrimp Industry Development Forum of China, Zhanjiang, China. 

Qiuming, L. 2010. Nitrogen and Phosphorus Budget in Intensive Pond Culture of Litopenaeus vannamei 
in Hainan, China. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Qiuming, Lai. 2011. The Application of Water Recirculating Systems in Intensive Shrimp Culture. [Oral 
Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 
April 2011. 

Qiuming, Lai. 2011. The Shrimp Farming Situation and Culture Technique in China. [Oral Presentation]. 
Tropical Ocean Industry Development for Developing Countries, Hainan, China. 

Quagrainie, K. 2008. Study of Fish Farmers Source of Aquaculture Information in Ghana. [Presentation]. 
World Aquaculture 2008, Busan, South Korea, 20-23 May 2008. 

Quagrainie, K. 2008. The Use of Credit in Fish Production in Kenya. [Presentation]. World Aquaculture 
2008, Busan, South Korea, 20-23 May 2008. 

Quagrainie, K. 2010. Heterogeneous Preferences and Consumer Purchase Behavior in the North Central 
Live Fish Market. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

Quagrainie, K. and A. Akuffo. 2017. Effect of Community Development Outcomes on Seafood 
Accessibility and Consumption in Tanzania. [Oral Presentation]. World Aquaculture 2017, Cape 
Town, South Africa, 26-30 June 2017.  

Quagrainie, K., A. Attah, and S. Amisah. 2017. Mobile Phone Technology Development and Fish 
Marketing Information System (FMIS) in Ghana. [Oral Presentation]. Aquaculture America, San 
Antonio, Texas, US, 19-22 February 2017.  

Quagrainie, K., and A. Akuffo. 2016. An Assessment of Household Food Security in Fish Farming 
Communities in Ghana. [Oral Presentation]. Asian-Pacific Aquaculture Conference 2016, Surabaya, 
Indonesia, 26–29 April 2016. 

Quagrainie, K., C. Ngugi, J. Amadiva, and S.K. Macaria. 2014. Aquaculture Product Development and 
Marketing Innovations for Sustainable Small-scale Aquaculture in Kenya. [Oral Presentation.] 
Aquaculture America 2014, Seattle, Washington, US, 9-12 February 2014. 

Quagrainie, K., E. Frimpong, and S. Amisah. 2017. Update – Ghana Investigations. [Oral Presentation]. 
AquaFish African Regional Meeting, Kampala, Uganda, 9-12 January 2017.  

Quagrainie, K., F.A. Darko, N. Olynk, J. Dennis and O. Doering. 2011. Farmed vs Wild-caught Tilapia: 
A Study of Consumer Preferences in Ghana. [Oral Presentation]. Ninth Asian Fisheries and 
Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011.  

Rahman, M. and S.M. Haque. 2018. An Overview of the Status and Potential of the Mud Crab Fishery in 
Coastal Bangladesh: Prospect, Strategies, Approaches. [Oral Presentation]. Aquaculture America 
2018, Las Vegas, Nevada, 19-22 February 2018. 

Rai, S. 2014. Production Performance of Dedhuwa Esomus danricus in Monoculture and Polyculture with 
Carp in Chitwan, Nepal. [Oral Presentation]. Aquaculture America 2014, Seattle, Washington, US, 
9-12 February 2014.  

Rai, S. 2015. Substrate-based Carp and Small Indigenous Fish Polyculture. [Oral Presentation]. First 
NEFIS Convention, Kathmandu, Nepal, 30-31 January 2015.  

Rai, S. 2017. AquaFish Innovation Lab Nepal Project. [Oral Presentation]. AquaFish Asia Regional 
Meeting, Bharatpur, Nepal, 28 February – 4 March 2017.  

Rai, S., K. Adhikari, D.K. Jha, and R.B. Mandal. 2018. Supply Chain Analysis of Carp in Terai, Nepal. 
[Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Rai, S., M. Shrestha, J.S. Diana, and H.S. Egna. 2017. Evaluation of production performance of carps and 
SIS in periphyton enhanced system. [Poster Presentation]. Global Workshop on Nutrition-Sensitive 
Fish Agri-food Systems, Siem Reap, Cambodia, 5-8 December 2017.  



 

 
 

145 

Rai, S., M.K. Shrestha, and J.S. Diana. 2016. Participation of Women Farmers in an on Farm Training of 
Sustainable Periphyton Enhanced System. [Oral and Poster presentations]. Eleventh Asian Fisheries 
and Aquaculture Forum, Bangkok, Thailand, 3–7 August 2016.  

Rai, S., M.K. Shrestha, J.S. Diana, and H. S. Egna. 2018. Involving Women in Field-Testing of a 
Periphyton Enhanced Aquaculture System for Nutrition Security. [Oral Presentation]. Aquaculture 
America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Rai, S., M.K. Shrestha, J.S. Diana, and H.S. Egna. 2017. Evaluation of production performance of carps 
and SIS in periphyton enhanced system. [Poster Presentation]. Global Workshop on Nutrition-
Sensitive Fish Agri-food Systems, Siem Reap, Cambodia, 5-8 December 2017.  

Rai, S., K. Gharti, M. Shrestha, R. Ranjan, J. Diana, and H. Egna. 2018. Potential Periphyton Substrates 
for Carp-SIS Polyculture. [Poster Presentation]. AQUA 2018, Montpellier, France, 25-29 August 
2018. 

Ramotar, P. 2011. The Effects of Plankton on Tilapia Growing Using Organic And Inorganic Fertilizers 
and What Causes Phytoplankton Bloom To "crash". [Poster Presentation]. Ninth Asian Fisheries 
and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011.  

Ramotar, P., K. Fitzsimmons, and Naim. 2011. Tilapia Update 2010. [Oral Presentation]. World 
Aquaculture 2011, Natal, Brazil, 6-10 June 2011. 

Ranjan, R., N.P Pandit, N.B. Khanal, M.K. Shrestha, and J.S. Diana. 2016. Efficacy of Common Carp 
Cyprinus carpio Testis Inducing Sex Reversal of Nile Tilapia Oreochromis niloticus. [Oral 
Presentation]. Asian-Pacific Aquaculture Conference 2016, Surabaya, Indonesia, 26–29 April 2016.  

Reifke, L., H.S. Egna and M. Haws. 2010. Gender Integration: Addressing Reviewer Concerns. [Oral 
Presentation]. The AquaFish CRSP Annual Meeting. Aquaculture 2010, San Diego, California, 27 
February-5 March 2010. 

Reifke, L., J.S. Bowman, and H.S. Egna. 2010. Promoting Sustainable Aquaculture and Fisheries through 
Capacity Building: A Synopsis of Short- and Long-Term Training Conducted Under the AquaFish 
CRSP. [Poster Presentation]. Aquaculture 2010, San Diego, CA, February-5 March 2010. 

Rodriguez M. de Oca, G., M.C. Haws, G. Rodriguez-Dominguez, E. Gaxiola-Camacho, A. Medina-J., R. 
Elao, G. Guevara, F. Cotera. 2009. Development of the Pacific Fat Sleeper (Dormitator latifrons) 
for Diversification of Aquaculture in Latin America. [Oral Presentation]. World Aquaculture 2009, 
Veracruz, Mexico, September 2009. 

Rodriguez Monte de Oca, G.A., M.C. Haws, R.D. Guillermo, G.C. Eladio, A.J. Medina, R. Elao, G. 
Guevara, and F. Cotera. 2010. Development of the Pacific Fat Sleeper Dormitator latifrons for 
Diversification of Aquaculture in Latin America. [Oral Presentation]. Aquaculture 2010, San Diego, 
US, 2-5 March 2010. 

Rodriguez, G. 2011. Preliminary Evaluation of Lhrha for Use in the Reproduction of Puyeque Dormitator 
latifrons. [Oral Presentation]. Eighteenth National Science and Technology Week Workshop, 
Mazatlan, Mexico.  

Rodriguez, G. 2011. Production of Larval Puyeque Dormitator latifrons. [Oral Presentation]. Scientific, 
Technical and Social Research at UAS, Culiacan, Mexico. 

Rono, K. 2015. Effect of Stocking Density on Growth and Survival of Nile Tilapia (Oreochromis 
niloticus) Fry Reared in an Aquaponic System. [Oral Presentation]. University of Eldoret Annual 
Conference, Kenya, June 2015.  

Rono, K. 2016. Effect of Iron Bisglycine Supplement in Fish Feeds on Growth Performance of Nile 
Tilapia (Oreochromis niloticus) and (Spinacia oleracea) in an Aquaponic System. [Oral 
Presentation]. University of Eldoret Biannual International Conference, Kenya.  

Rono, K. J.O. Manyala, D. Lusega, C.C. Ngugi, K. Fitzsimmons, and H.S. Egna. 2018. Effect of Iron-
Amino Acid Chelate Supplemented Fish Feeds on Growth Performance of Nile Tilapia 
(Oreochromis niloticus) in an Aquaponic System in Kenya. [Oral Presentation]. Aquaculture 
America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Rono, K., J.O. Manyala, D. Lusega, J.A. Sabwa, C.C. Ngugi, K. Fitzsimmons, and H.S. Egna. 2018. 
Effect of Iron-Amino Acid Chelate Supplemented in Fish Feeds on Growth Performance of Nile 



 

 
 

146 

Tilapia Oreochromis niloticus and Spinach Spinacia oleracea in an Aquaponic System.  [Poster 
Presentation]. AQUA 2018, Montpellier, France, 25-29 August 2018. 

Sallie, K. 2010. Integrated Fish and Halophyte Production: Effects of Salinity on Growth and Osmotic 
Adjustment of Saliconria bigelovii and Allenrolfea occidentalis. [Oral Presentation]. Aquaculture 
2010, San Diego, US, 2-5 March 2010. 

Sandoval Palacios, E. 2007. Microbiological Water Quality from Collection Areas for Black Cockles. 
[Presentation]. Second National Congress of Universities, “Water is Life”, Managua, Nicaragua.  

Sandoval Palacios, E. 2008. Application of RT-PCR for the Identification of Hepatitis A Virus in Black 
Cockle Samples. [Presentation]. Fourth Nicaraguan Biotechnology Congress, “Biotechnology for 
Development”, Managua, Nicaragua, 24 April 2008. 

Sandoval Palacios, E. 2008. Depuration Trials for Anadara spp. in Nicaragua. [Presentation]. 
International Workshop on Bivalve Sanitation and Culture, Culiacan and Santiago Ixcuintla, 
Mexico, 21-27 September 2008. 

Sandoval Palacios, E. 2008. Microbiological Quality of Shellfish Growing Waters and Tissues in Three 
Coastal Estuaries of Nicaragua and the Application of RT-PCR for the Identification of VHA in 
Black Cockle Tissues (Anadara tuberculosa and A. similis). [Presentation]. International Workshop 
on Bivalve Sanitation and Culture, Culiacan and Santiago Ixcuintla, Mexico, 21-27 September 2008. 

Sandoval Palacios, E. 2008. Microbiological Water Quality from Collection Areas for Black Cockles. 
[Presentation. Second Interdisciplinary Research Congress, Managua, Nicaragua, 8-9 May 2008.  

Sayco, R.M.V., R.B. Bolivar, E.B.T. Jimenez, and R.J. Borski. 2011. Supplemental Feeding of Nile 
Tilapia (Oreochromis niloticus L.) in Fertilized Ponds Using Combined Feed Reduction Strategies. 
[Oral Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-
25 April 2011.  

Shrestha, M. 2011. Aquaculture and Fisheries Education in Nepal. [Oral Presentation]. Ninth Asian 
Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011. 

Shrestha, M. 2011. Growth Assessment of Asaila schizothorax plagiostomus under Captive Conditions. 
[Oral Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-
25 April 2011. 

Shrestha, M., R. Sharma, K. Gharti, Y. Yi, and James Diana. 2010. Polyculture of Sahar Tor putitora with 
Mixed-sex Nile Tilapia Oreochromis niloticus. [Oral Presentation]. Aquaculture 2010, San Diego, 
US, 2-5 March 2010. 

Shrestha, M.K. 2008. Limnological Characteristics and Cage Culture Practice in Indrasarobar Reservoir 
of Nepal. [Presentation]. World Aquaculture 2008, Busan, South Korea, 20-23 May 2008. 

Shrestha, M.K. J.S. Diana, and H.S. Egna. 2018. Tilapia Aquaculture in Nepal: History from 
Introductions to Farmers Ponds. [Oral Presentation]. Aquaculture America 2018, Las Vegas, 
Nevada, 19-22 February 2018. 

Shrestha, M.K., and J.S. Diana. 2016. Role of the AquaFish Innovation Lab in University Capacity 
Building and Aquaculture Development in Nepal. [Oral Presentation]. Asian-Pacific Aquaculture 
Conference 2016, Surabaya, Indonesia, 26–29 April 2016. 

Shrestha, M.K., J.D. Bista, S.P. Dahal, and N.P. Pandit. 2015. Polyculture of Mixed-sex Tilapia with 
Pangas and Sahar. [Oral Presentation]. First NEFIS Convention, Kathmandu, Nepal, 30-31 January 
2015.  

Shrestha, M.K., K.K. Amatya, and J.D. Bista. 2016. Women-led River Bank Aquaculture for Livelihoods 
of Rural Poor Community in Foothills of Nepal. [Oral and Poster Presentations]. Eleventh Asian 
Fisheries and Aquaculture Forum, Bangkok, Thailand, 3–7 August 2016.  

Shrestha, M.K., R.N. Mishra, S.K. Wagle, S. Rai, N. Bhattarai, and L. Karki. 2015. Small-scale 
Aquaculture to Enhance Fish Production in Nepal. [Poster Presentation]. First NEFIS Convention, 
Kathmandu, Nepal, 30-31 January 2015.  

Sinh, L.X., H. Navy, and R.S. Pomeroy. 2012. Value Chains of Captured and Cultured Snakeheads 
(Channa micropeltes & Channa striatus) in the Lower Mekong Basin of Cambodia and Vietnam. 
Sixteenth Biennial Conference of IIFET, Dar es Salaam, Tanzania 17 July 2012. 



 

 
 

147 

So, N. 2011. Production and Marketing of Fish Paste (prahoc), a Staple Food in Cambodia. [Oral 
Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 
April 2011. 

So, N. 2011. Progress and Updates of Investigation # 2 09IND02UC & # 6 09MNE04UC. [Oral 
Presentation]. Cambodia & Vietnam Project Final Meeting, Preah Sihanouk Province, Cambodia. 

So, N. and L.X. Sinh. 2011. Summary of Investigations: Development of Alternatives to the Use of 
Freshwater Low Value Fish for Aquaculture in the Lower Mekong River Basin of Cambodia and 
Vietnam. [Oral Presentation]. AquaFish Project Meeting on Assessing the Impacts of CRSP 
Research: Human Capital, Research Discovery, and Technology Impact Assessment Seattle, 
Washington. 

So, N., C. Norng, S.V. Leng, and R. Pomeroy. 2010. Small-sized Fish Paste Production Technology in 
Cambodia’s Mekong River Basin. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 
March 2010. 

So, N., S. Un, S.V. Leng, and R.B. Pomeroy. 2010. Market Channel and Trade of Fish Paste from Small-
sized Fish in Cambodia. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

So, Nam. 2011. Sustainable Snakehead (Channa striata) Aquaculture Development in Cambodia. [Oral 
Presentation]. AquaFish CRSP Air Breathing Fish Meeting, Ninth Asian Fisheries and Aquaculture 
Forum (9AFAF), Shanghai, China, 21-25 April 2011. 

Sokheng, C., P. Solyda, and N. So. 2011. Assessing Fish Abundance and Impacts of Deep Pools in The 
Mekong River, Tonle Sap River And Tributaries Of Tonle Sap Lake, Cambodia. [Poster 
Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 
April 2011.  

Solyda, P. and N. So. 2011. Monitoring Fish Abundance and Diversity by Using Local Fishers in the 
Major Rivers of Cambodia. [Oral Presentation]. Ninth Asian Fisheries and Aquaculture Forum 
(9AFAF), Shanghai, China, 21-25 April 2011. 

Somany, P. 2014. Enhancing Climate Resilience for Fisheries Sector in Cambodia. [Oral Presentation] 
Executive Forum on ASEAN Leaders in Agriculture and Development, SEARCA, Laguna, 
Philippines, 16-20 June 2014. 

Song, B. Y. Yi, J.S. Diana. 2010. Eliminating Microcystins-producing Alga Microsystis aeruginosa by 
Using Chitosan and Pac Modified Clays. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-
5 March 2010. 

Sophorn, U. and P. Chheng. 2017. Genetic Diversity of Striped Snakehead (Channa striata) in Cambodia 
and Vietnam. [Oral Presentation]. AquaFish Asia Regional Meeting, Bharatpur, Nepal, 28 February 
– 4 March 2017. 

Ssegane, H., E.W. Tollner, and K. Veverica. 2011. Geospatial Modeling of Site Suitability for Pond 
Based Tilapia and Clarias Farming In Uganda. [Oral Presentation]. Ninth Asian Fisheries and 
Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011.  

Stutzman Jones, E. and J.J. Molnar. Understanding the Role of Fish Producer Organizations as 
Intermediaries for Aquacultural Development in Uganda. [Oral Presentation]. Rural Sociological 
Society, Atlanta, Georgia, US. 

Sukhan,Z.P.,  M.L. Ali, S.M. Haque, M.G. Uddin, M.J. Al Mehedi, and R.J. Borski. 2018. Potential for 
Polyculture of Tilapia Oreochromis nilotius and Freshwater Perch Anabas testudineus with 
Pangasius Catfish Pangasius hypopthalamus in the Hyposaline Waters of Southern Bangladesh. 
[Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Supan, J. 2008. Bivalve Depuration Methods. [Presentation]. International Workshop on Bivalve 
Sanitation and Culture, Culiacan and Santiago Ixcuintla, Mexico, 21-27 September 2008. 

Tam, B.M., T.T.T. Hien, P.M. Duc, P.T. Liem, N.H.Q. Thang, and N.V. Khanh. 2018. Seed Production 
and Culture of Snakehead Channa striata, in the Mekong Delta Vietnam. [Poster Presentation]. 
AQUA 2018, Montpellier, France, 25-29 August 2018. 



 

 
 

148 

Tarus, V., P.O. Raburu, J.O. Rasowo, and J.O. Manyala. 2017. Development of Digestive Enzymes and 
Utilization of Local Feed ingredients for Victoria Labeo (Labeo victorianus) Culture. [Oral 
Presentation]. World Aquaculture 2017, Cape Town, South Africa, 26-30 June 2017.  

Thapa, R.B. 2015. Value Chain Analysis of Carp Polyculture System in Chitwan District, Nepal. [Oral 
presentation]. First NEFIS Convention, Kathmandu, Nepal, 30-31 January 2015. 

Tharith, C. and N. So. 2011. Larval Fish Species Diversity and Abundance in the Mekong and Tonle Sap. 
[Oral Presentation]. Ninth Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-
25 April 2011.  

Tharith, C. and N. So. 2011. Larval Fish Species Diversity and Abundance in The Mekong and Tonle Sap 
Rivers Near Phnom Penh, Cambodia. [Oral Presentation]. Ninth Asian Fisheries and Aquaculture 
Forum (9AFAF), Shanghai, China, 21-25 April 2011. 

Thu, T.T.M., L.T. Diem, N.T.H. Ha, T.L.C. Tu, and T.T.T. Hien. 2015. Development of Techniques for 
Processing of Salty Fermented Fish Product from Commercial Snakehead Fish. [Poster 
Presentation]. World Aquaculture 2015, Jeju, South Korea, 26-30 May 2015.  

Tien, N.V., T.L.C. Tu, N.B. Trung, P.M. Duc, and D. Bengtson. 2014. Effects of Replacing Fishmeal 
with Soybean Meal Protein Products on Diets on Growth, Feed Efficiency and Digestibility of 
Snakehead (Channa striata). [Oral Presentation]. International Fisheries Symposium 2014, 
Surabaya, Indonesia, 30 October-1 November 2014.  

Tollner, W. 2011. Watersheds and Fish Pond Siting and Construction. [Oral Seminar]. Makerere 
University, Uganda. 

Touch, B., C.V.C. Barba, M.G. Yee, E.I. Dizon, N. So, P. Chheng, R.S. Pomeroy, H.S. Egna, and W.A. 
Hurtada. 2018. Effect of Consumption of Complementary Traditional Food on the Growth and Iron 
Status of 6 to 15 months Old Cambodian Children in Prey Veng Province Cambodia. [Oral 
Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Touch, B., R. Pomeroy, N. So, P. Chheng, and T.T.T. Hien. 2017. Enhancing Food Security and 
Household Nutrition Vulnerability of Women and Children through Aquaculture and Capture 
Fisheries in Cambodia and Vietnam. [Oral Presentation]. AquaFish Asia Regional Meeting, 
Bharatpur, Nepal, 28 February – 4 March 2017.  

Trần, H.T., T.L. Nguyễn, V.H. Huỳnh, H.M. Trương, N.H. Trần, and R.S. Pomeroy. 2014. Assessment on 
Production Efficiency and Weather Change Impacts on Snakehead Pond Culture in An Giang and 
Tra Vinh Provinces. [Poster Presentation]. Can Tho University, Can Tho, Vietnam,15 August 2014 
[in Vietnamese].  

Tran, L., K. Fitzsimmons, and D.V. Lightner. 2013. Effects of Tilapia in Controlling Acute 
Hepatopancreatic Necrosis Disease (AHPND). [Oral presentation]. Asian-Pacific Aquaculture, Ho 
Chi Minh City, Vietnam, 10-13 December 2013.  

Tuan, T.H., N.T. Loc, H.V. Hien, T.H. Minh, T.N. Hai, and R.S. Pomeroy. 2014. Assessment on 
Production Efficiency and Climate Change Impact on Snakehead (Channa striata) Grow-out Farms 
in An Giang and Tra Vinh Provinces. [Oral Presentation]. Aquaculture and Fisheries Symposium, 
Ho Chi Minh City, Vietnam, 24-28 November 2014. 

UCA Team. 2011. Bacteriological Quality in Shellfish Waters and Tissues (Anadara Spp.). [Oral 
Presentation]. Eighth Scientific Conference of the Central Nicaraguan University “Incentivizing 
Science and Technology for Development during Changing Times,” Managua, Nicaragua.  

UCA Team. 2011. Governance for Sustainable Resource Use in Coastal Ecosystems. [Oral Presentation]. 
First Departmental Forum on Sovereignty and Food Security, Managua, Nicaragua.  

UCA Team. 2011. National Representation on Mollusk Fishing and Management. [Oral Presentation]. 
Regional Conference on the Fishing and Management of Mollusks, San Salvador, El Salvador.  

Uy, S., D.T. Yen, P. Chheng, N. So, T.T.T. Hien, R. Pomeroy, and H. Egna. 2018. Sustainable Use of 
Snakehead Genetic Resources for Aquaculture in Cambodia: Recommendations from Genetic 
Data. [Poster Presentation]. AQUA 2018, Montpellier, France, 25-29 August 2018. 



 

 
 

149 

Vera Cruz, E.M. and C.L. Brown. 2008. Dynamics of Increase in Insulin-like Growth Factor-I mRNA 
Expression in Nile Tilapia Oreochromis niloticus in Response to Elevated Temperature. 
[Presentation]. World Aquaculture 2008, Busan, Korea, 19-23 May 2008. 

Vera Cruz, E.M., M.B. Valdez, R.B. Bolívar, and R.J. Borski. 2011. Duration of Appetite Inhibition 
Predicts Social Dominance in the Nile Tilapia, Oreochromis niloticus L. [Oral Presentation]. Ninth 
Asian Fisheries and Aquaculture Forum (9AFAF), Shanghai, China, 21-25 April 2011.  

Vera Cruz, E.M., R.M. Bero, R.B. Bolivar, and R.J. Borski. 2009. Eye Color as a Predictor of Social 
Dominance in Nile Tilapia (Oreochromis niloticus). [Presentation]. Aquaculture 2009, Seattle, 
Washington, US, 14-18 February 2009. 

Veverica, K.L. and C.C. Ngugi. 2017. Moving Subsistence Farmers to Commercial Fish Farming: Does 
This Even Make Sense? [Oral Presentation]. World Aquaculture 2017, Cape Town, South Africa, 
26-30 June 2017.  

Wahab, A., R. Borski, and H. Egna. 2014. Aquaculture in Bangladesh. [Oral Presentation]. USAID 
Mission, Dhaka, Bangladesh.  

Wahab, Md.A., M.N. Sakib, and R.J. Borski. 2014. Effect of Different Feeding Regimes on Growth and 
Production Performance of Air-breathing Stinging Catfish, Shing Heteropneustes Fossilis and 
Major Carps in Pond Polyculture. [Oral Presentation]. Aquaculture America 2014, Seattle, 
Washington, US, 9-12 February 2014.  

Walakira, J. 2011. Aquaculture Development in Uganda. [Oral Presentation]. Aquaculture America 2011, 
New Orleans, Louisiana, US, 28 February-3 March 2011.  

Walakira, J. 2011. GIS and Aquaculture Planning Herbert Ssegane. [Oral Seminar]. Makerere University 
Harvesting and Marketing. Oral Training Conference for Uganda Fish Farmers Umoja, Kakiri, 
Uganda.  

Walakira, J. 2015. Guiding Captive Breeding of African Lungfish Protopterus aethiopicus in Uganda: 
Genetic Diversity and Sex Determination. [Oral Presentation]. Aquaculture America 2015, New 
Orleans, Louisiana, US, 19-22 February 2015. 

Walakira, J. and G. Atukunda. 2011. Overview of Aquaculture in Uganda. [Oral Seminar]. Makerere 
University, Uganda. 

Walakira, J., C. Aruho, B. Kimera, E. Ganda, L. Nakasiga, J.J. Molnar, B. Reading, R.J. Borski. 2018. 
Aquaculture of African lungfish (Protopterus aethiopicus) in Uganda: Captive Breeding and Larval 
Rearing. [Oral Presentation]. Aquaculture America 2018, Las Vegas, Nevada, 19-22 February 2018. 

Walakira, J., C. Aruho, M. Njeri, B. Kimera, E. Ganda, L. Nakasiga, G. Atukunda, B. Reading, R.J. 
Borski, and J. Molnar. 2018. Unlocking the Potential of African Lungfish (Protopterus 
aethiopicus) to improve Nutrition and Livelihoods of Vulnerable Communities in Uganda: 
Captive Seed Production. [Poster Presentation]. AQUA 2018, Montpellier, France, 25-29 August 
2018. 

Walakira, J., J. Kiburara, A. Idrifua, J. Molnar, E. Ganda, G. Kityo, and C. Aruho. 2016. Understanding 
Sex Change and Hermaphroditism in African Lungfish (Protopterus aethiopicus) and its 21 
Implication to Aquaculture: Preliminary Findings. [Oral Presentation]. Asian-Pacific Aquaculture 
Conference 2016, Surabaya, Indonesia, 26–29 April 2016. 

Walakira, J., J. Molnar, and E. Nankya. 2014. Sustainable Strategy for Controlling Fish  
Walakira, J., M. Njeri, M. Agaba, J. Njuguna, J. Amimo, R. Bett, and S.O. Opiyo. 2017.  
Wang W.. 2008. Phylogenetics and Population Pattern of Elopichthys bambusa (Richardson, 1845) from 

the Middle Reaches of Yangtze River as Inferred from Cytochrome b Sequences. [Presentation]. 
World Aquaculture 2008, Busan, South Korea, 20-23 May 2008. 

Wang Y. 2008. Effects on Growth and Survival of loach Misgurnus anguillicaudatus Larvae When Co-
fed on Live and Microparticle Diets. [Presentation]. World Aquaculture 2008, Busan, South Korea, 
20-23 May 2008. 

Won, E.G., M.E. Picha, C. Strom. 2010. Endocrine Dynamics of Metabolic and Growth Regulatory 
Hormones During Compensatory Growth in a Teleost Model, the Hybrid Striped Bass. [Oral 
Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 



 

 
 

150 

Won, E.T., Baltzegar, D.A., Picha, M.E., and R.J. Borski. 2009. Cloning and Regulation of Hepatic 
Leptin mRNA Expression by Nutritional Status in Hybrid Striped Bass (Genus Morone). 
[Presentation]. Society of Integrative and Comparative Biology, Boston, Massachusetts, US, 3-7 
January 2009. 

Yen, D.T., P. Chheng, S. Uy, N. So, T.T.T Hien, R. Pomeroy, and H.S. Egna. 2018. Sustainable Use of 
Snakehead Genetic Resources for Aquaculture in Cambodia: Recommendations from Genetic 
Data. [Poster Presentation]. International Sustainable Agricultural Intensification and Nutrition, 
Phnom Penh, Cambodia, 10-13 January 2018. 

Yi, Y. 2007. Environmental Impact of Cage Culture in Rivers: A Case Study in Vietnam. [Presentation]. 
American Soybean Association Sponsored Workshop on Cage Culture in Egypt, Cairo, Egypt, 15 
May 2007.  

Yi, Y. 2007. Environmentally-friendly Aquaculture. [Presentation]. Presentation to Feed Formulation 
Staff of Many Private Companies, Beijing, China, 15 October 2007.  

Yi, Y. 2007. Tilapia Aquaculture in China and Thailand [Presentation]. American Soybean Association 
Sponsored Meeting of Fish Farmers from Egypt, Cairo, Egypt, 18 June 2007.  

Yi, Y. 2008. Application of Microbial Phytase in Fish Feed. [Presentation]. World Aquaculture 2008, 
Busan, South Korea, 20-23 May 2008. 

Yi, Y. 2008. Economic Performance of Different Strategies of Tilapia Culture in Ponds. [Presentation]. 
American Soybean Association Sponsored Meeting of Fish Farmers from Egypt, Cairo, Egypt, 27 
April 27 2008. 

Yi, Y. 2008. Environmental Impact of Cage Culture in Rivers. [Presentation]. International Symposium 
on Sustaining Fish Biodiversity, Fisheries and Aquacultures in the Mekong, Ubon Rajathanee, 
Thailand, 3 September 2008.  

Yi, Y. 2008. Tilapia Aquaculture in China, [Presentation]. American Soybean Association Sponsored 
Meeting of Fish Farmers from Egypt, Cairo, Egypt, 27 April 27 2008. 

Yuan, D., A. Yakupitiyage, Y. Yi, and J.S. Diana. 2010. Effects of Different Feeding Methods on 
Performances of Intensive Polyculture of White Shrimp Litopenaeus vannamei and Red Tilapia 
Oreochromis spp. [Oral Presentation]. Aquaculture 2010, San Diego, US, 2-5 March 2010. 

 
  



 

 
 

151 

APPENDIX C: SUCCESS STORIES  
 
 
 
 
 
The following is a chronological list of Success Stories, Activity Briefs, and Deep Dive Stories about work 
conducted by AquaFish CRSP and AquaFish Innovation Lab. Additional success stories and articles 
about AquaFish IL research activities can be found in the AquaFish IL quarterly newsletter, Aquanews, 
which are archived on the AquaFish IL website. 
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Morrison, L., J. Bowman, and H.S. Egna. 2009. Fish Farmers Association Models Success. Success Story, 

November 2009. 
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APPENDIX D: MONITORING & 
EVALUATION REPORT 

 
MONITORING & EVALUATION REPORT INTRODUCTION 

The Monitoring and Evaluation (M&E) Plan was formalized under Phase I in the AquaFish CRSP 2nd 
Annual Report and was formally updated at the start of Phase II on 9 September 2013 with the AquaFish 
Innovation Lab (IL) technical application. Under the M&E Plan, the AquaFish IL has worked towards 
achieving development impacts by meeting key targets, measured as both quantitative and qualitative 
indicators and benchmarks of progress.  
 
Under Phase I, thematically driven indicators were developed internally for the four AquaFish IL global 
themes listed below in addition to the benchmarks and indicators for USAID’s key targets. These internal 
indicators were developed for the AquaFish IL’s four development themes by the Development Themes 
Advisory Panel (DTAP) and approved in May 2007 by USAID prior to project implementation and 
updated in May 2008. Additionally, key development target indicators tied to the USAID research, 
capacity building, information dissemination, IEHA (President’s Initiative to End Hunger In Africa), and 
gender integration targets for the CRSPs were also established in the Phase I M&E Plan. The benchmarks 
and milestones associated with these target indicators provide a means to explore different measures of 
performance than either the more quantitative thematic impact indicators (DTAP), or the metrics designed 
by USAID.  

Global Development Themes: 
 

A. Improved Human Health and Nutrition, Food Quality, and Food Safety  
B. Income Generation for Small-Scale Fish Farmers and Fishers  
C. Environmental Management for Sustainable Aquatic Resources Use  
D. Enhanced Trade Opportunities for Global Fishery Markets 

 
Under Phase II, the M&E Plan was updated and widely vetted within USAID and the community of 
practice, with a review by USAID’s own external evaluators (June 2012). The updated plan was 
submitted with the technical application for Phase II in 2013 in order to ensure it could be fully approved 
and in place prior to project implementation to allow for the establishment of baselines and alignment of 
project metrics at the start. The most notable update in the Phase II M&E Plan was the exclusion of the 
internally developed DTAP indicators, which had not been used by USAID in its indicator or metrics 
aggregation or in its reports to Congress due to standardization discrepancies. USAID had recently (2013) 
initiated the formal Feed the Future Monitoring System (FTFMS) that offers a more comprehensive and 
more standardized systems across USAID’s many programs and projects. As AquaFish IL moved into 
Phase II with a greater understanding of the new USAID FTFMS indicators, the in-house DTAP 
indicators were officially dropped from the AquaFish IL M&E plan with full-approval from then AOR, 
Joyce Turk. This simplified the AquaFish IL reporting process and lessened the reporting burden 
significantly, eliminating the redundancy of reporting on both DTAP Indicators and the newly required 
FTFMS Indicators.  
 
In the repot that follows, Phase I and Phase II results are provided under their respective M&E Plans. All 
Key Development Targets have been fully met or exceeded. The examples included throughout this report 
represent a subset of accomplishments to demonstrate achievement towards meeting targets, but is not a 
comprehensive summary of all program accomplishments. In addition to this report, quantitative targets 
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and actuals under USAID’s impact indicator systems, USAID-EGAT/EG Indicator 2007-2012 and 
FTFMS indicators (2013-2018) are also on file with USAID for each year of operation.     
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MONITORING & EVALUATION REPORT: PHASE I 

The Phase I Monitoring and Evaluation (M&E) Plan was formalized in the AquaFish CRSP 2nd Annual 
Report. It functioned under two sets of internal impact indicators –– (1) theme-driven DTAP indicators 
and (2) key development target indicators tied to the USAID research, capacity building, information 
dissemination, IEHA (President’s Initiative to End Hunger In Africa), and gender integration targets for 
the CRSPs. Additional detail cross referencing internal AquaFish CRSP indicators to the applicable EG 
and FtF (Feed the Future Initiative) indicators can be found in the Annual Reports posted at 
http://aquafishcrsp.oregonstate.edu/publications.php 6.  
 

DTAP INDICATORS 

The DTAP indicators were tied to the four AquaFish CRSP global themes. They were developed by the 
MT in consultation with the US and HC Lead PIs in the May 2007 Pre-Synthesis & Orientation Meeting 
and updated in May 2008 at the Annual Meeting and in June 2009 by the DTAP B Lead Coordinator. The 
set of DTAP indicators under which Core Research Projects reported from FY 2007 through FY 2012 are 
listed below. 
 

DTAP A: Improved Health and Nutrition, Food Quality, and Food Safety of Fishery Products 
A-01: Number of aquaculture products developed to improve food safety or quality 
 
DTAP B: Income Generation for Small-Scale Fishers and Farmers 
B-01: Number of new technologies developed 
B-02: Number of institutions with access to technological practices 
B-03: Number of (people) trained in use of technological practices 
 
DTAP C: Environmental Management for Sustainable Aquatic Resources Use 
C-01: Number of management practices developed or adopted to improve natural resource 

management  
C-02: Number of hectares under improved natural resource management 
C-03: Number of management practices developed to support biodiversity  
C-04: Number of people trained in practices that promote soil conservation and/or improved water 

quality  
 
DTAP D: Enhanced Trade Opportunities for Global Fishery Markets 
D-01: Number of new markets for aquatic products 
D-02: Number of aquatic products available for human food consumption 

 
Appendix D for Phase I provides a compilation of DTAP reports submitted by the seven AquaFish CRSP 
Core Research Projects, which were actively engaged in research from FY 2006 to FY 2012. Since short-
term training data were collected under a separate internal reporting mechanism, indicators B-03 and C-
04 are included in the short-term training compilation.  
 

KEY DEVELOPMENT TARGETS: INDICATORS & BENCHMARKS 

AquaFish CRSP measured achievements in meeting key development targets through a set of internal 
indicators. The benchmarks provide a means to explore measures of performance different from those 
measured by the more quantitative DTAP or USAID indicator metrics. The Targets and Benchmarks 

                                                        
6 Indicators for the USAID Economic Growth & Trade program form the EG 5.2 (Agriculture Sector Productivity) 
set under which AquaFish CRSP reports. This set also includes indicators relating specifically to the FtF initiative.  
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tracked below are consistent with those approved in the Program Description of the USAID CA/LWA for 
this CRSP.7 Year 1 Benchmarks cover 2006–2007. Benchmarks for Years 2–5 are appended to show 
progress through Implementation Plan 2009-20011. 
 
This conceptual framework helped ensure that targets and benchmarks were adequately addressed across 
the AquaFish CRSP global portfolio for facilitating feedback and continuous learning in order to improve 
processes and outcomes. We report on the four key development targets of research, capacity, information 
dissemination, and IEHA. As the fifth target, gender strategy ensured strong programmatic commitment 
toward gender inclusion through plans implemented at both the project and program level. Gender was 
both integrated into the four other targets and highlighted independently.  
 
Benchmarks were fully met and illustrative examples of the associated project accomplishments are listed 
in the summary below. 
 

Research Target 
 

Produce sustainable end-user aquaculture and fisheries research results that increase productivity, enhance 
international trade opportunities, and contribute to responsible aquatic resource management. 

 
Program-wide Research Indicators (refers to p.13 under Technical Approach in the CA/LWA Program 
Description): 

1. Developed and adopted innovative technologies that increase profitability and environmental 
stewardship in aquaculture and fisheries.  

2. Addressed biodiversity conservation issues to ameliorate threats to biodiversity and developed 
technologies and strategies to protect biodiversity habitat and populations.  

3. Continuously funded research projects that meet the expectations of external peer-review panels. 
4. Conducted appropriate biotechnology research to develop technologies that increase farm 

productivity.  
5. Engaged local stakeholders in research design, implementation, and results reporting through 

active participation in stakeholder meetings.  
6. Published AquaFish CRSP research in regional, national, and international peer-reviewed 

journals.” 
 
Year 1 Benchmarks. Status: Successfully completed. 
(a) Request for Proposals approved by USAID and widely advertised, and submitted proposals externally 

peer-reviewed.  
RFP process through proposal finalist selection was completed on 31 March 2007. 

 
(b) Favorably reviewed proposals have activities initiated. 

Project work began in May 2007 with attendance at the Presynthesis & Orientation Meeting, 
formation of the advisory technical panels, and training on indicators, IEE, gender, and POP 
(Program Operating Procedures). 

 
Years 2–5 Benchmarks. Status: Successfully completed.  
(a) 1 innovative aquaculture and fisheries technology or strategy developed and disseminated throughout 

each region.  
The following examples of technologies and strategies are illustrative of project achievements that 
have more than met this benchmark:   
 

                                                        
7 The Targets and Benchmarks were again approved as part of the AquaFish CRSP M&E Plan in 2008. 
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Africa: Kenyan farmers who participated in Purdue University’s group marketing and supply chain 
project (07QSD02PU/07MER02PU) are marketing their farmed baitfish in markets along the shores 
of Lake Victoria. One highly successful group marketing cooperative, the Vihiga (Bidii) Fish Farmers 
Group is promoting the market cluster model and has taken the initiative to train other fish farmers in 
this marketing strategy. It has also partnered with the Women in Fishing Industry Project, a local 
Lake Victoria NGO that helps women identify income generating opportunities, to train women to 
become baitfish farmers.  
 
Cage culture technology is in the process of transfer in Uganda and Kenya. Ugandan farmers were 
part of a trial that offered them a new livelihood with tilapia cage culture on Lake Victoria where the 
effects of overfishing has threatened their ability to earn a livelihood (09BMA01AU). This hands-on 
training project is preparing them in production and business techniques that will ensure their success 
as farmers and models to others who wish to adopt this new technology. Three groups of Kenyan 
farmers have been trained in a cage-cum-pond tilapia culture system including hands-on experience in 
constructing cages. These farmers have taken this technology back to their communities where it will 
help bring others to fish farming (09SFT02PU). 
 
Asia: As a result of the multifaceted approach of the University of Michigan project work in Asia, 
there have been significant achievements in transferring technologies and strategies for sustainable 
environmental management of various components of aquaculture and fisheries systems. With 
information from an assessment of the impacts of alien fish stocking on wild fish populations in 
reservoirs, CRSP researchers in Vietnam developed environmental management plans for stocking 
rate and fisheries carrying capacity, to guide a sustainable approach to protecting the biodiversity of 
wild fisheries management and aquaculture in reservoir systems (07MNE03UM/09MNE05UM). For 
pond aquaculture, two new technologies were transferred: (1) effluent reduction measures for pond 
aquaculture (07MNE04UM) and (2) an environmentally benign treatment to remove toxin-producing, 
blue-green algae blooms (07HHI01UM) that develop in aquaculture ponds.  
 
New sustainable feed technology work has promising benefits for fish farmers in the Philippines, 
Cambodia, and Vietnam (lower Mekong River Basin). Filipino tilapia farmers can save on feed costs 
with reduced feeding strategies –– a delayed supplemental feeding by 45–75 days, alternate- day 
feeding, or daily subsatiation feeding at 50% or 67% (07SFT02NC/09SFT04NC). Transfer of this 
technology took place through trainings and podcasts (09TAP02NC/ 09SFT06NC) and was tested in 
milkfish aquaculture systems (09MNE03NC). CRSP researchers have developed a pelleted feed for 
snakehead with reduced fishmeal content (07SFT01UC/09SFT01UC) that has undergone successful 
on-farm trials (09TAP03UC) and is now being adopted by Vietnamese farmers. Adoption of this new 
sustainable feed technology will realize cost reductions with the lower cost feed that is formulated 
with local protein sources such as rich bran to replace a portion of the higher priced fishmeal.  
 
Latin America: Based on AquaFish CRSP recommendations developed from carrying capacity 
studies in the Boca Camichin Estuary, the Mexican government has imposed a ban on new oyster 
farms to control water quality and aquatic diseases. By including oyster producers in the monitoring 
work, AquaFish CRSP researchers developed an effective community-based collaboration with rural 
stakeholders. Through community meetings, local oyster producers have learned culture and 
sanitation techniques that will improve harvests of oysters safe for human consumption 
(07WIZ02UH). Similarly in Nicaragua, CRSP investigators have trained communities that depend on 
the cockle fishery in Aserradores Estuary in the no-take zone management approach that will ensure a 
healthy shellfish population balance and improved sanitation of the harvested cockles 
(07HHI05UH/09HHI01UH). This successful model is being tested by the Nicaraguan government in 
two other communities as a possible alternative to the current closed season management technique 
that has proven unsuccessful.  
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Researchers in Mexico have successfully developed a sustainable control measure to eliminate 
methyltestosterone (MT) residue from hatchery treatment water (07MNE06UA). In the use of MT to 
sex reverse young fingerlings, disposal of contaminated water has become a significant problem for 
hatcheries and large farms that use the male hormone to create monosex tilapia fingerlings. This new 
MT-elimination technology makes use of bacteria that have been experimentally shown to degrade 
the MT residue that builds up in treatment water. They are inoculated onto the biofilter component of 
the treatment tank’s water filtration system where they feed on the MT residue that they capture from 
water as it is filtered through. One added advantage of the bacteria is their proven probiotic 
contribution towards improving fish productivity. A commercial scale-up trial is underway with a 
private hatchery partner (09MNE07UA). Farmers and hatchery managers have also been trained in 
the beneficial probiotic effects of bacteria when used as bioflocs in aquaculture.  

 
(b) AquaFish CRSP activities remain locally appropriate by receiving regular input through the 

Regional Centers of Excellence and Development Theme Advisory Panels.  
The RCEs have been active in establishing regional linkages with NGOs, governmental and academic 
institutions, and stakeholder groups. These linkages have served to promote information exchanges 
and technology sharing among researchers, policymakers, government officers, and local stakeholders. 
They have also established strong regional networking links that enable regular information sharing 
and promote regional capacity building, including opportunities for student training and exchanges. 
RCE emphasis on empowering students and funding their participation in trainings and conference 
attendance has further strengthened the long-term training goals of the Core Research Projects. These 
activities have helped the MT and project leaders in assessing needs for research and activities under 
the continuation plans and in add-on investigations.  
 
The DTAP Lead Coordinators have played an instrumental role in evaluating work plan changes 
under the Implementation Plan 2007–2009 and new investigation approaches in add-on investigations 
under the Implementation Plan 2009–2011. They have also provided substantive feedback to the MT 
through the DTAP impact reporting and overview of research accomplishments (Lead Coordinator 
Reports), which has guided the MT reviews of the continuation plans, add-on investigations, and 
other research activities. 
 

(c) Measured increases in farm productivity, farmer incomes, market access, and export value achieved 
following adoption of AquaFish CRSP recommendations and technologies.  
Training and outreach for technologies and management recommendations improved the aquaculture 
and fisheries economic sectors for various levels of stakeholders. Stakeholders have participated in 
research activities (University of Arizona, University of Connecticut – Avery Point, University of 
Hawai’i at Hilo, University of Michigan, and projects), provided input into the development of 
management practices and policy recommendations (North Carolina State University, Purdue 
University, University of Connecticut, and University of Michigan projects), participated in regional 
events where they can interact with other stakeholders and service sector personnel (Auburn 
University and University of Hawai’i projects), and actively trained fellow stakeholders (Purdue 
University and University of Arizona projects).  
 
The following examples illustrate project achievements that have and will continue to lead to 
measured increases for stakeholders in productivity, incomes, market access, and product export 
value:   
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Farm/Fishery Productivity 
• adoption of practices to mitigate pollution of receiving waters from aquaculture pond effluents 

(China: 07MNE04UM; Ghana: 07WIZ01PU) and methyltestosterone residues (Mexico: 
07MNE06UA/09MNE07UA). 

• adoption of management practices or technologies to improve production efficiencies and/or 
lower costs: catfish fingerling aquaculture (07QSD02PU), tilapia-catfish polyculture 
(07MER03PU); an integrated cage-cum-pond culture system 09SFT02PU), Nile tilapia seedstock 
(07QSD01NC/09QSD01NC), and tilapia aquaculture (07SFT02NC/09SFT04NC). 

• implementation of management plans to control alien species introduction in freshwater 
reservoirs in Vietnam and China as a step to maintain sustainable aquaculture and wild fisheries 
(07MNE03UM/09MNE05UM) 

• improved implementation of fishery management plans to control carrying capacity (native 
oysters: 07WIZ02UH); to maintain sustainable production outputs (black cockles: 
07HHI05UH/09HHI01UH); to protect the freshwater fishery for small-sized fish in the Lower 
Mekong River Basin from overfishing for animal and fish feed uses 
(07MNE01UC/09MNE04UC); and to sustainably manage aquacultural water use and quality in 
watersheds and wetland areas of Uganda (09WIZ01AU/09WIZ02AU). 

• improved production capabilities and business stability for small-scale farmers undertaking cage 
culture on Lake Victoria in Uganda (09BMA01AU) 

• opened income opportunities with new aquaculture species and culture systems: tilapia-sahar 
polyculture for women in Nepal (07BMA02UM/09BMA03UM); seaweed-fish-mollusc-shrimp 
polyculture and soft-shell mud crab aquaculture for shrimp farmers in the Philippines and (Banda 
Aceh, Indonesia (07MNE02NC/09FSV02NC) 
 

Farmer Income: Farmers, processors, and vendors benefiting from improved productivity of aquatic 
products as listed above will see increases in income. Improved income opportunities include the 
following:  
• sustainable feed technologies will lower a major contributor to production costs and thereby 

improve profit margins for farmers ––  
1. locally available protein replacement for fishmeal: 07SFT01UC/09SFT01UC; 

07SFT04UA/07SFT05UA/09SFT03UA; 07SFT06PU/09SFT05PU)  
2. feeding reduction strategies: 07SFT02NC/09STF04NC; 07SFT03NC/09MNE02NC  

• new aquatic products will open production and market opportunities 
1. products with improved health and safety: producers and vendors of native cockles 

(07HHI05UH/09HHI01UH) and oysters (07IND03UH/07IND04UH/09IND01UH) can 
improve their income opportunities when hatchery-raised seed becomes available to support 
expanding production interest –– particularly among coastal women –– and demand for 
depurated products develops in local shellfish markets;  

2. new aquatic species available for aquaculture: research success with breeding snook, 
native cichlids, and chame in captivity will open the way for new aquaculture opportunities 
for native fish species in Latin America (snook and native cichlids 
(07IND01UH/07IND02UA/09IND05UA) and chame (09IND03UH);  

3. new products for small-holder farmers and processors: trainings in seaweed polyculture 
systems and processing techniques address sustainable production methods have opened new 
income opportuntities for coastal communities in the Philippines and Indonesia –– 200 
farmers have incorporated seaweed into their culture systems (07MNE02NC/09FSV02NC); 
research on an integrated multitrophic milkfish-seaweed-sea cucumber aquaculture system 
and processing trainings will open income opportunities for Filipino farmers and women 
processors of value-added milkfish products (09MNE02UC).  
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Market Access:  
• Baitfish farmers are now successfully selling at six well-established market locations along the 

shores of Lake Victoria (07QSD02PU/07MER02PU).  
• Ghanaian farmers who adopt the supply chain/group marketing model will have more 

opportunities in urban markets (07MER02PU).  
• A market for depurated cockles is beginning to grow as demand for this “safer” aquatic shellfish 

product spreads by word-of-mouth (07HHI05UH). 
• Market opportunities for women are expanded through trainings in value-added product 

processing and marketing (09MER02PU; 09FSV01UC; 09FSV02NC; 09MNE02NC; 
09HHI02UH) and value chain opportunities (09MER01PU). 
 

Export Value:  
• Tilapia farmers in the Philippines who adjust production to meet the specific requirements of 

export markets will have expanded income opportunities (07MER04NC/09MER03NC).  
• An export market for sales of brackishwater shrimp to the US will open a new product 

opportunity for Guyanese aquaculture (09SFT03UA).  
• Markets for processed fish products in Cambodia will expand as women processors adopt best 

management practices for improved safety and quality in the production of fermented fish paste 
and fish sauce (07FSV01UC/09FSV01UC). 

 
(d) Threats to biodiversity resulting from aquaculture activities ameliorated and biologically significant 

areas positively impacted.  
Management recommendations to control alien species introductions in freshwater reservoirs as well 
as the effects of associated aquaculture systems will protect native species diversity in the reservoirs 
and help ensure a sustainable wild fishery in Vietnam and China (07MNE03UM/09MNE05UM). In 
Kenya, the successful development of catfish-baitfish aquaculture offers an alternative source of 
baitfish to Nile perch fishers on Lake Victoria, thereby protecting the threatened wild catfish fishery 
that serves as an important food source for the rural poor (07QSD02PU). Development of cage 
culture aquaculture by small-scale Ugandan farmers will both offer new income opportunities and 
help to address overfishing in Lake Victoria where wild fish stocks are declining (09BMA01AU). 
Success in development of snook aquaculture will help relieve pressures on the wild fishery of this 
important native Latin American species (07IND01UA/09IND05UA). A multifaceted research has 
assessed the current status of wild chame stocks native to Mexico (09IND04UH) and developed 
techniques for captive breeding as a first step toward chame aquaculture (09IND03UH). Stock 
assessments will lead to management guidelines to protect this important native fishery in the coastal 
LAC countries of the Pacific Rim while aquaculture will provide a sustainable source for the 
competing interests of human food and fishmeal industries. A no-take management zone approach 
adopted by communities in the Aserradores Estuary along the Pacific Coast of Nicaragua will help 
preserve the sustainable production status of the native black cockle fishery, which serves as an 
important food and income source for the poor (09HHI01UH).  
 
Several sustainable feed technology investigations targeted reduction of fishmeal in aquaculture feed 
as both a cost-savings measure and sustainable practice to reduce pressures on wild-caught fish used 
for fishmeal (07SFT01UC/09SFT01UC; 07SFT02NC/09STF04NC; 07SFT03NC; 
07SFT06PU/09SFT05PU; 07SFT04UA/07SFT05UA/09SFT03UA). The move away from fishmeal 
serves to protect local and international wild-caught fisheries that have been supplying fishmeal 
inputs to the animal feed industry (e.g., small, low-value fishery in the Mekong River).  
 
The Director and US Lead PI Jim Diana (University of Michigan) organized and led a symposium 
entitled “The Effects of Semi-Intensive Aquaculture on Biodiversity In Nearshore and Inland Waters” 
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at the September 2011 American Fisheries Society meeting in Seattle, Washington. The presentations 
by 12 invited speakers from the international aquaculture community and an open-discussion forum 
highlighted the status of a range of issues from the benefits of aquaculture for protecting and 
improving biodiversity to biodiversity challenges associated with aquaculture systems. 

(e) Cost-effective biotechnology appropriate for use in developing countries developed.
Innovative biotechnologies will bring cost efficiencies to methyltestosterone (MT) residue control and 
fish growth performance monitoring and translate into improved productivity in aquaculture systems. 
The development of an MT-elimination system based on bacterial degradation (07MNE06UA) will 
help tilapia hatcheries address a major environmental impact issue associated with hormone-based 
masculinization systems. Commercial adoption of this technology at a large Mexican hatchery is 
underway (09MNE07UA). Tests for IGF-I gene expression are in use as tools for measuring fish 
growth performance and stress responses in work to establish protocols for broodstock selection and 
seed production to improve this aspect of production efficiencies (07SFT02NC/07SFT03NC
/09QSD01NC).

(f) Continuous academic output of AquaFish CRSP data as publications within recognized journals and 
presentations provided at regional, national, and international forums.
AquaFish CRSP researchers have published over 320 scientific articles since the start of the program 
and have submitted a significant number of articles for peer-review publication. They have also 
presented their work in a wide array of international, national, and regional conferences and symposia, 
taught academic seminars, and participated in professional workshops and meetings. 

Capacity Building Target 

Focus AquaFish CRSP investments on building local capacity in aquaculture and aquatic resource 
management and ensuring long-term program impacts at local and national levels through strategic 
informal and formal training opportunities. Integrate items related to gender. 

“Capacity Building Indicators – Regional (refers to p.13 under Technical Approach in the CA/LWA 
Program Description): 
(1) Forged professional and managerial relationships between US and Host Country researchers and

institutions.
(2) Established track record of successful formal long-term training of Host Country and US students and

researchers.
(3) Delivered relevant short-term training opportunities that provide positive Host Country societal

benefits beyond the life of AquaFish CRSP.
(4) Identified gender issues in aquaculture and fisheries and adopted gender program-wide integration

policies.”

Year 1 Benchmarks. Status: Successfully Completed 
(a) An additional year of the highly successful Host Country Principal Investigator Exchange Project

continued to exchange information on cichlid aquaculture to additional countries including two IEHA
countries.
Phase II exchange visits to South Africa and Ghana (October 2007), Vietnam (December 2007), and
Vietnam (February 2008) were conducted.

(b) The jointly funded NOAA Sea Grant Technical Assistance program continued
The Director and Jim Murray, Deputy Director of NOAA/Sea Grant discussed model cases in Korea
and finalized the exchange visit for Paul Olin, Director of the California Sea Grant Extension
Program. Three Lead US PIs (James Diana, Maria Haws, and Robert Pomeroy) actively engaged in
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management of their regional Sea Grant Programs, and have networked CRSP efforts into Sea Grant 
on a regional basis. 
 

(c) Gender integration strategies adopted within all sub-awards 
All six projects adopted a strategy consistent with the CRSP integrated approach; USAID (Julie 
Swanson) reviewed all six projects and met with PIs during the May 2007 orientation meeting.  
 

(d) Regional Centers of Excellence established to reflect AquaFish CRSP regions for research activities 
(i.e., Asia, Africa, and Latin America and the Caribbean) 
Three RCEs were established and the Director appointed, with USAID consultation, Lead 
Coordinators at the May 2007 orientation meeting.  
 

(e) Formal Memoranda of Understanding adopted between all US and Host Country partners 
MOUs and/or Subcontracts are completed for all projects that began in Year 1 with the exception of 
University of Arizona’s MOUs and subcontracts that are still in process. 

 
Years 2-5 Benchmarks. Status: Successfully Completed 
(a) Partnerships strengthened among US and Host Country universities, NGOs, NARS, and USAID 

Missions through Associate Awards. 
Partnerships were fully developed for each of the seven core projects. An additional RCE was added 
for Africa giving a more comprehensive regional coverage –– RCE-West Africa and RCE-East & 
Southern Africa –– and enabled the Lead Coordinators to focus more directly on their specific 
regional issues. The RCEs built linkages and partnerships with USAID Missions and with regional 
and international organizations and institutions. The three-year Associate Award with the USAID 
Mission in Mali (1 October 2007– 30 September 2010) for an aquaculture and fisheries project 
concluded on 31 December 2010. A new USAID SIRTD Associate Award was initiated in FY2011 
for a three-year project in Ghana, Kenya, and Tanzania to promote adoption of innovations and Best 
Management Practices that will improve production and economic efficiencies of small-holder 
producers.  
 

(b) At least 100 degree students enrolled through formal long-term training opportunities in US, Host 
Country, and Regional universities. 
Since program inception, 320 students from 25 countries were enrolled in long-term academic 
programs associated with Core Research Projects and the Management Office. Of these students, 41 
were from the US and 223 were Host Country nationals. 
 

(c) Equal numbers of women and men trained through short- and long-term training opportunities. 
Short-Term Training: A total of 6,348  individuals received short-term training since program 
inception in 2006. Women comprised a total of 2103 or 33.1% of the trainees. 
Long-Term Training: Of the 320 students receiving long-term or degree training, 154 (48.1%) are 
women.  
 

(d) Numerous train-the-trainer workshops convened to provide Host Countries with highly skilled 
extension specialists 
Short-term trainings were designed to integrate stakeholders at all levels, thereby removing barriers 
between farmers/fishers and extension agents/fisheries officers, etc. An additional component was the 
empowerment of trainees to “train” their counterparts. Successes of this integrated approach are 
exemplified by the catfish farmer trainings in Kenya (07QSD02PU), feed formulation trainings in 
Guyana (07SFT05UA), shellfish sanitation workshops (07HHI03UH, 07HHI04UH) and shellfish 
management trainings (09HHI02UH/09HHI01UH).  
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Other trainings specifically designed as Train-the-Trainer included the following:  
• 07BMA05UH: intensive training and internship on bivalve culture and sanitation  
• 07IND01UA: international workshop on snook biology for professionals (4 trainings) 
• 07IND02UA: tropical fish culture for students 
• 07MNE06UA: technical workshop for extensionists and students on MT elimination (2 trainings) 
• 07TAP01UC: farmers training of trainer workshop on alternative feed for snakehead aquaculture 
• 09IND02UC: on-site training on snakehead breeding and weaning for researchers  
• 09IND06PU: experimental design and analysis for aquaculture  
• 09QSD02UA: integrated aquaculture-agriculture for a rural farmer’s cooperative (training of 

student trainers)  
• 09SFT03UA: basic aquaculture and aquaponics for the rural poor (training local farmer as 

community trainers) (2 trainings) 
• 09TAP08AU: Certification of Aquaculture Professionals training at Auburn University for eight 

African candidates from Ghana, Kenya, Tanzania, and Uganda. 
• 09WIZ02AU: watershed workshop for researchers and extensionists 

 
The University of Connecticut (09FSV03UC) incorporated a comprehensive impact assessment 
component into its project to evaluate the combined accomplishments of AquaFish CRSP work. 
Thirteen trainings were held in FY2011 to prepare project and collaborating government personnel in 
uniform data collection and assessment methods for the following activities:  
• Sustainable approaches to snakehead aquaculture and its value chain 
• Policy framework for sustainably managing the aquaculture-capture fisheries interactions 
• Management recommendations for protecting the small-sized fishery in the lower Mekong River 

Basin 
• Standards for fish paste processing 
 

(e) Biotechnology and biodiversity training activities conducted as identified. 
Examples illustrating training activities that focused on biotechnology and biodiversity are listed 
below.  
 
Biotechnology short-term trainings:  
MT elimination (07MNE06UA/09MNE07UA): 4 workshops 
Biotechnology of marine algae (07BMA03UA): 1 workshop  
 
Biodiversity short-term trainings:  
Seaweed-fish-mollusc-shrimp polyculture and seaweed harvest/processing trainings 
(07MNE02NC/09FSV02NC): 10 workshops 
Tilapia-sahar polyculture (07BMA02UM): 1 workshop 
Alien species introductions (07MNE03UM/09MNE05UM): 5 workshops 
Native cichlid farmer trainings (07IND02UA): 3 workshops 
Native oyster culture trainings (07IND03UH): 1 workshop 
Native black cockle management trainings (09HHI01UH): 4 workshops 

 
Information Dissemination Target 

 
Disseminate AquaFish CRSP research results to foster broad application of results among local 
stakeholders within governmental and non-governmental organizations, as well as for end-users. 
 
“Information Dissemination Indicators – Regional (refers to pp.13-14 under Technical Approach in 
the CA/LWA Program Description): 
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(1) Successful diffusion of AquaFish CRSP research results and technologies between countries within a 
region having comparable social and environmental conditions. 

(2) Increased awareness of local stakeholder constraints and opportunities related to responsible 
aquaculture and fisheries management. 

(3) Applicable extension activities associated with each research project conducted to ensure wide 
dissemination of research results 

(4) AquaFish CRSP results and technologies for farm operations adopted and policies for responsible 
aquatic resource management created.  

(5) Applicable technologies developed and adopted by the US and other countries’ aquaculture and 
fisheries sectors.” 

 
Year 1 Benchmarks. Status: Successfully Completed 
(a) Dissemination efforts have continued through Aquanews, EdOp Net, and a new searchable online 

publication database. 
Publication services continued uninterrupted during the transition from the former ACRSP into the 
first year of AquaFish CRSP: quarterly issues of Aquanews (Vol. 22, Nos. 1-3; Vol. 23, No.1); 12 
monthly issues of EdOp Net; CRSP Notices of Publication for 22 peer-reviewed research reports by 
CRSP researchers.   

 
(b) The importance of extension evident through integration of at least one outreach activity within each 

funded project. 
The RFP institutionalizes the integration of research and outreach by requiring proposals to contain at 
least one outreach investigation and to include an Outreach and Dissemination Plan. Proposals were 
revised as necessary to include one or more outreach activities prior to being approved as core 
projects. 

 
(c) Research adoption encouraged by prioritizing the use of on- and off-farm trials to conduct research. 

On- and off-farm trials and other types of field trials were included as appropriate within each project 
to promote research adoption as follows: 
• 07BMA02UM: tilapia-sahar stocking density trial in collaboration with the Rural Integration  

Development Society 
• 07HHI01UM: on-farm microcystin controls and consultation with farmer cooperators 
• 07HHI02UA: aquaculture effluent-irrigation trial with farmer cooperator 
• 07HHI05UH: test marketing of depurated black cockle 
• 07IND01UA: farm trials to assess tranferability of experimental snook aquaculture 
• 07IND03UH: women’s oyster cooperatives involved with spat collection  
• 07IND04UH: active participation by community members in oyster depuration trials 
• 07MER03PU: on-farm trials using small-scale farmers’ ponds 
• 07SFT05UA: on-farm trial of experimental diets using local ingredients. 

 
Years 2-5 Benchmarks. Status: Successfully Completed 
(a) Intra- and inter-regional diffusion of AquaFish CRSP results and technologies accomplished. 

On a regional basis, short-term trainings and workshops successfully transferred research results, 
management practices, technologies, and recommendations to the various levels of stakeholders from 
rural farmers to policymakers. Professional-level workshops and CRSP-sponsored conferences (e.g., 
Workshop on Marine Algae, ISTA8 and ISTA9, Workshop on Aquaculture, Human Health and 
Environment, the Fish Farmers Symposium & Trade Show (2010 and 2011), AFS Symposium: The 
Effects of Semi-Intensive Aquaculture on Biodiversity In Nearshore and Inland Waters) have served 
as vehicles for the diffusion of results and technologies beyond the areas targeted by AquaFish CRSP 
investigations. Through their promotion of linkages and collaborative networks, the RCEs also 
actively contributed to inter-regional diffusion.  
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(b) Training manuals with local and regional scopes published following completion of AquaFish CRSP
research projects.
Outreach materials with local and regional scope that were developed and are currently available
include the following printed materials and podcasts:
• 07TAP02NC: Tilapia podcast (1 in English) –– Book reviews
• 07MNE04UM: BMPs for Effluent Control in Aquaculture transferred in trainings
• 07QSD02PU: Fact Sheets on Pond Production: Pond Fertilization, Pond Liming, Feeding,

Stocking & Harvesting
• 07MER02PU: Extension Brochure: Marketing Strategies for Smallholder Fish Farmers in Sub-

Saharan Africa
• 07MER02PU: Extension Manual: Forming an Effective Fish Farmers’ Cooperative in Sub-

Saharan Africa
• 07SFT06PU: Manual for Hand Sexing of Tilapia
• 07WIZ01PU: BMPs for pond aquaculture transferred in training
• 09IND06PU: Indigenous Species Brochure
• 09MNE02NC: Milkfish Processing
• 09OSD05PU: Fish Life Cycle & Reproductive Strategies
• 09TAP02NC: Tilapia podcasts (4 in English and 2 in Tagalog) –– Reduced Feeding Strategies
• 09TAP04PU: Information Sheet on Constraints and Opportunities for Cage Culture in Ghana

(c) At least 30 workshops convened over the course of the 5-year AquaFish CRSP.
Since inception, 181 workshop/trainings have been held across the seven Core Research Projects
during the first five years of AquaFish CRSP.

IEHA Country Involvement Target 

Expand AquaFish CRSP science and technology efforts in IEHA Host Countries to increase local 
capacity and productivity thereby contributing to national food security, income generation, and market 
access. 

IEHA Indicators – Within each participating IEHA Host Country (refers to p.14under Technical 
Approach in the CA/LWA Program Description): 
(1) Development and adoption of innovative technologies that increase profitability and environmental

stewardship in the context of aquaculture and fisheries.
(2) Students enrolled in formal long-term training programs within Host Country, Regional, and US

universities;
(3) Increased awareness of stakeholder constraints and opportunities related to responsible aquaculture

and fisheries management.
(4) Applicable extension activities associated with each research project conducted to ensure wide

dissemination of research results.
(5) AquaFish CRSP results and technologies adopted for farm operations and policies for responsible

aquatic resource management created.
(6) Increased farm income and local economic growth through enhanced market access in project areas.”

Year 1 Benchmarks. Status: Successfully Completed 
(a) Formal strategy initiated to maximize locally appropriate results in participating IHEA Host

Countries.
The Purdue University IEHA project was designed to improve competitiveness by empowering small
holders and developing local economies and markets through capacity building, improved technology,
and management of supply chain and natural resources.
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(b) Sites selected and formal connections established with suitable research institutions and government 

departments within each IHEA Host Country. 
The Purdue University IEHA project negotiated MOUs and establishing linkages.  

 
(c) The Africa Regional Center of Excellence has representation from IEHA countries to design research 

and outreach activities. 
The RCE Lead Coordinator has established initial linkages within IEHA countries. 
 

Years 2-5 Benchmarks. Status: Successfully Completed 
(a) Formal linkages, collaborative research, and outreach activities fostered between US universities and 

IEHA site institutions.  
The Purdue University project conducted research in the two IEHA countries of Ghana and Kenya 
has formally partnered with Moi University (Kenya), Kenyatta University (Kenya), Kwame Nkrumah 
University of Science & Technology (Ghana), Water Research Institute-Aquaculture Research 
Development Center (Ghana), Fisheries Directorate (Ghana), and Virginia Polytechnic Institute & 
State University (US). These linkages encompass collaborative research on nine investigations under 
Implementation Plans 2007–2009 and 2009–2011. Outreach activities in Kenya and Ghana included 
17 trainings and production of (1) Fact Sheets covering stocking and harvesting, feeding, pond liming, 
and pond fertilization, (2) BMPs for Pond Aquaculture, (3) an Extension Brochure “Marketing 
Strategies for Smallholder Fish Farmers in Sub-Saharan Africa” and an Extension Manual, “Forming 
an Effective Fish Farmers’ Cooperative in Sub-Saharan Africa,” (4) a farmer brochure “The Life 
Cycle and Reproductive Strategies of the Nile Tilapia (Oreochromis niloticus),” (5) information 
brochure “Indigenous Species for Aquaculture Development in Ghana,” and (6) an information sheet 
on “Constraints and Opportunities in Cage Aquaculture in Ghana.”  
 
The Auburn University project, conducted research in Uganda, has formerly partnered with three 
Ugandan institutions –– Gulu University, Makerere University, Uganda National Fisheries Resources 
Research Institute –– and Alabama A&M University (US), University of Georgia (US), and 
Stellenbosch University (South Africa). Outreach activities in Uganda included 11 trainings as well as 
a US-based short course at Auburn University (Certification of Aquaculture Professionals) for six 
IEHA students, two each from Ghana, Kenya, and Uganda. Five study tours conducted in 2010 (1 
study tour) and 2011 (4 study tours) as outreach activities of the Fish Farmers Symposium offered 
participants the opportunity for information exchange with proprietors and workers at fish farms and 
associated businesses in the growing aquaculture sector of Uganda. 
 
In August 2010, the RCE-Africa was expanded to encompass two centers that will be better able to 
serve the specific regional and geographic needs of West versus East and Southern Africa. Through 
these two RCEs as well as other efforts by CRSP researchers, collaborations and linkages have been 
developed with FAO, African Union, SARNISSA, NEPAD, ANAF, FishAfrica, local NGOs (e.g., 
Women in Fishing Industry Project – Kenya), government agencies (e.g., Uganda Commission for 
Fisheries), regional agencies (Lake Victoria Fisheries Organization) and the USAID Missions in 
Ghana, Kenya, Uganda, and Mali. Collaborative research has also been pursued by the RCE-East & 
Southern Africa through other funding sources. 
  

(b) Long-term research projects addressed specific needs of each IEHA Host Country.  
Bringing Kenyan farmers into a successful farming enterprise to raise catfish fingerlings for sale as 
baitfish for Nile perch fishers has addressed needs of several stakeholders: fish farmers for whom the 
group marketing clusters ensure a viable business enterprise; baitfish traders who can depend on a 
steady supply of farmed fish to sell to fishers; rural communities along the shores of Lake Victoria 
whose livelihoods and food security depend on a sustainable catfish fishery protected from 
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overexploitation with the availability of farmed catfish fingerlings. Investigations under the 
Implementation Plan 2009-2011 addressed specific needs of stakeholders: (1) expanding income-
earning opportunities for women fish traders to other components of the fish value chain, including 
aquaculture; (2) helping small-holder farmers to maximize aquaculture efficiencies and income 
generation with an integrated pond-cage system for catfish and tilapia.  
 
Development of BMPs for aquaculture farmers in Ghana will help ensure cost-effective production 
practices that will reduce feed waste and effluent output from ponds into receiving waters. With 
training in improved fish production and propagation methods, Ghanaian farmers and hatchery 
managers can improve cost efficiencies. CRSP researchers also worked towards improving 
aquaculture opportunities for Ghanaian farmers through a collaborative effort with the government to 
set standards for cage culture on Lake Volta and by conducting research to expand the number of fish 
candidates for culture, concentrating on native species.   
 
The Auburn University project in focused on farmer training at the local and regional levels through 
the annual Fish Farmers Symposium & Trade Show and the small-holder cage culture study on Lake 
Victoria. These trainings were designed to expand production and job opportunities for stakeholders. 
Interregional farmer exchanges between Uganda and Kenya encompassed in the Farmer-to-Farmer 
Study Tour and the Kenyan baitfish investigation offer opportunities for stakeholders to learn and 
benefit from each other’s experiences. In the area of water quality and water management in 
aquaculture, strategies have been developed to help guide farmers in pond siting and water usage that 
will best utilize water resources, ensure stable water supplies, and maintain ecosystem complexity and 
promote biodiversity.  
 

(c) Diffusion of knowledge facilitated between separate research projects ongoing within each IEHA 
Host Country. 
Kenyan farmers visited fish farm facilities in Uganda in a collaborative training conducted in FY09 
(07QSD02PU) and participated in both the 2011 Fish Farmers Symposium & Trade Fair and six-day  
study tour of Ugandan fish farms and associated enterprises. Kenyan researchers served as partners on 
the Associate Award Project in Mali, benefiting that project with their expertise that has been built 
over the long term through CRSP research activities. In Uganda, the Annual Fish Farmers 
Symposium & Trade Show provided a national opportunity for Uganda farmers to network and 
exchange knowledge while also benefitting from the event’s extension and outreach programs. The 
Farmer-to-Farmer Study tours mentioned above for Ugandan and Kenyan farmers afforded 
opportunities for local and inter-regional exchanges.  
 
The HCPI Phase II Project (FY2008) involved Ghanaian and Kenyan researchers in a regional 
exchange in Africa.  
 

(d) A measured increase in farm productivity, farmer incomes, market access, and export value has 
followed adoption of AquaFish CRSP recommendations and technologies in project areas. 
The following example illustrates the multi-faceted achievements of AquaFish CRSP work:  
Catfish farmers who have adopted baitfish culture practices and become members of group marketing 
clusters have improved pond productivity by following AquaFish CRSP management practices. Their 
total production of catfish fingerlings has reached 250,000 fry/fingerlings since 2006, when 
production was virtually non-existent. Since CRSP’s initiation of this farmed baitfish program, 
survival rate of fingerlings has increased from less than 10% to 50% representing an increase in 
productivity of 400%. Six baitfish market centers have been opened along Lake Victoria, and baitfish 
farmers have recorded about 50% increase in sales. Most baitfish farmers have recorded about 65% 
increase in farm income from baitfish production. (07QSD02PU/02MER02PU; FY2009 data).  
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Gender Integration Strategy 
 

AquaFish CRSP is dedicated to improving gender inclusiveness in the Aquaculture and Fisheries sectors, 
and in the CRSP arena. Gender Integration is implicit and interwoven into in the above “target” 
benchmarks and indicators requested by USAID in its 2006 RFA. Additional explicit guidance, in the 
form of an improvement plan, was established for CRSP operations.  
 
Year 1 Initiatives. Status: Successfully Completed 
(a) Require that all funded projects address gender inclusiveness within their planned scope-of-work.  

The RFP requires that all projects have a strategy for integrating and addressing gender (a Gender 
Strategy). Strategies for gender inclusiveness have been incorporated into revisions to the proposals. 
 

(b) Seek out USAID review of projects’ gender inclusiveness plans and respond by improving plans prior 
to project implementation.  
The ME submitted revised proposals with gender inclusiveness plans to USAID in June 2007. 
Proposal revisions addressed USAID suggestions prior to receiving funding, and prior to 
implementation.  

 
Years 2–5 Initiatives. Status: Successfully Completed 
(a) Collect disaggregated gender data from individual research and outreach projects funded by the 

CRSP.  
Data for short-term and long-term training activities are disaggregated and are covered in the 
Capacity Building sections of this report.  
 

(b) Analyze disaggregated data on an annual basis to gauge gender inclusiveness success and take 
appropriate action as indicated through data analysis. 
Since program inception, the analysis has shown that long-term training participants comprise 51.9% 
men and 48.1% women. Of the 6,348 short-term training participants from FY2006 to FY2012, 37.4% 
were women and 62.6% were men. In order to improve opportunities for women’s participation in 
short-term training events, each of the Core Research Projects had a gender inclusivity strategy and a 
gender focused investigation under the Implementation Plan 2009-2011. The gender-focused 
investigations are as follows: 
• Demonstration of Sustainable Seaweed Culture and Processing in Aceh, Indonesia and the 

Philippines - Opportunities for Women to Improve Household Welfare (09SFV02NC) 
• Value Chain Development for Tilapia and Catfish Products: Opportunities for Women 

Participation (09MER02PU) 
• Expansion of Tilapia and Indigenous Fish Aquaculture in Guyana: Opportunities for Women 

(09SFT03UA ) 
• Maximizing the Utilization of Low Value or Small-sized Fish for Human Consumption by 

Improving Food Safety and value-Added Product Development (Fermented fish paste) through 
the Promotion of Women’s Fish Processing Groups/Associations in Cambodia (09FSV01UC) 

• Capacity building in aquaculture, fisheries management and coastal management for coastal 
women. Workshop: Opportunities for Coastal Women in Fisheries, Aquaculture and Coastal 
Management (09HHI02UH) 

• Incorporation of tilapia (Oreochromis niloticus) and Sahar (Tor putitora) into the existing carp 
polyculture system for household nutrition and local sales in Nepal (09BMA03UM) 
 

In the Auburn University Project, gender integration was a feature at all levels of the project with a 
significant role taken by women investigators (Nelly Isyagi, Monica Karuhanga Berahu, Theodora 
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Hyuha, and Gertrude Atukunda) and an overall emphasis on engendering the training and mentoring 
of women into all sectors of the aquaculture economy.  

 
(c) Involve field projects in monitoring and evaluating gender integration as the program progresses 

with time. Evaluate the effects of specific projects on gender and ensure that any possible negative 
effects due to gender bias are mitigated. 
Disaggregated gender data were reported for all long- and short-term trainings as well as for field 
trials. Gender of all US and HC staff was also reported. Each Core Research Project had a gender 
integration strategy that outlined steps to increase the number of, and mitigate bias against, female 
participation. Work under the Implementation Plan 2009-2011 included at least one activity in each 
project focusing specifically on gender issues as listed above. 
 

(d) Focus one component of a lessons learned and synthesis assessment specifically on the social context 
and impact of CRSP research and outreach activities on the lives of women. 
The second RFP (May 2009) specifically required new projects to design and implement an activity 
focusing on women as follows: 
 

Technical Considerations for Award of a CRSP Project (p. 6, Items 3 & 5):  
3. Proposals must include at least one experiment or study. Proposals must also include at 
least one outreach activity that focuses on women. 
5. Investigations must integrate gender to the extent possible to meet program targets. Overall, 
proposals will include a gender inclusiveness strategy(RFP website: Gender Inclusivity Strategy). 
The existing strategy can be revised or resubmitted if it is still applicable to the work 
proposed. If resubmitting the gender strategy from 2007-09, additional details for 
incorporating gender will need to be apparent in the new investigations. 

 
(e) Tailor specific extension and technical services related to sustainable aquaculture and aquatic 

resource management to women producers.  
Examples illustrating completed activities tailored specifically for women stakeholders:  
• Community-level shellfish culture and sanitation trainings: collaboration with women’s producer 

organizations/cooperatives (07HHI04UH, 07IND03UH) and focus on women participating in 
community trainings (07HH05UH, 07IND04UH, 07WIZ02UH, 09HHI01UH, 09HHI02UH) 

• Tilapia-Sahar polyculture: collaboration with RIDS-Nepal to include 50% women in the farmer 
training (07BMA02UM/09BMA03UM)  

• Women processors: assessments of utilization and processing practices for small, low-value fish 
from the Mekong River fishery include a specific focus on the role of women 
(07FSV01UC/09FSV01UC) 

• Women’s Cooperative: collaborative assistance of the Trafalgar Women’s Cooperative in the 
feed formulation trainings associated with the sustainable feed studies in Guyana and their 
assistance in developing small-scale aquaculture in poor rural areas 
(07SFT04UA/07SFT05UA/09SFT03UA) 

• Women’s Training on post-harvest processing and value-added product development 
(09MNE02NC/09FSC02NC) 

• Targeted trainings for women: Requirements for food quality and safety in cockles, no-take zone 
management and monitoring, ecosystem management (09HHI01UH) 

• Shellfish sanitation standards: trainings for women in Nicaragua and Mexico (09HHI02UH) 
• Value-chain opportunities for women: collaboration with the Women in Fishing Industry Project 

to train women fish traders working in the Lake Victoria region in other income-generating 
opportunities along the fish value chain (e.g., aquaculture) (09MER02PU)  
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(f) Engage extension specialists sensitive to diversity issues and access to resources of underrepresented 
groups and women will be included as an integral part of their delivery team to ensure women 
farmers and fishers feel welcome in CRSP training opportunities. 
Each Core Research Project had a gender integration strategy that outlined steps to increase the 
number of women who participated in short-term trainings and enrolled in long-term degree programs: 
(1) female researchers and students were given positions as workshop presenters to establish 
connections with women trainees, (2) constraints limiting attendance in workshops were addressed 
(e.g., more flexibility in workshop location and scheduling), (3) extension specialists were trained to 
be more gender sensitive, (4) women were invited to participate in on-farm trials, (5) women’s 
producer cooperatives were actively sought out to collaborate with AquaFish CRSP researchers, and 
(6) research focus and strategy took into account women’s roles as food providers and preparers as 
well as their key positions in production and marketing.  
 

(g) Promote the participation of women in formal and informal education and training opportunities 
provided through the CRSP. The CRSP has set a 50% benchmark for training women in formal and 
informal education. In addition, the 50% benchmark applies to attracting and retaining women 
scientists and administrators in all CRSP activities, as project researchers, advisory group members, 
and managers.  
Projects were committed to promoting the participation of women at all levels from target populations 
to top-level researchers. Women were well represented in CRSP management, Advisory Groups, and 
in the group of Principal Investigators and collaborators. Women were the focus of stand-alone 
studies that were included in the portfolio to reflect a gendered perspective.  

 
USAID IMPACT REPORTING  

AquaFish CRSP reported under USAID’s various impact reporting frameworks to achieve outcomes that 
have meaning for stakeholders, including Missions, HC decision makers, and end-users. The cumulative 
indicator reports filed with USAID for this reporting period (FY 2007 to FY 2012) are presented in this 
section.  
 

USAID-EG INDICATOR REPORTING 

From inception to FY2012, AquaFish CRSP reported under USAID-EG 5.1 (Table 12.1) and 5.2 (Table 
12.2) Agriculture Sector Productivity indicators. Appendix 3 provides supporting data for the 
technologies, practices, products, and markets reported under the technology indicators –– 5.2-H(8), 5.2-I 
(9), and 5.2-J (10).8  
 
Table 12.1. AquaFish CRSP FY2007-2012 USAID-EGAT/EG Indicator Report: Agriculture Enabling 
Environment. 
 

Indicator 
number 

4.5.1   Agriculture Enabling Environment (reported on FY07-08 only) 
FY07-12 

Cumulative 
actuals 

      

4.5.1-12 
Number of policies/regulations/administrative procedures analyzed as a result 
of USG assistance. 

2 

5.4.1-11 
Number of individuals who have received USG supported short-term 
agricultural enabling environment training - Female 

10 

                                                        
8 Metrics are based on the best available data at the time of the 29 September 2011 reporting date.  
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Indicator 
number 

4.5.1   Agriculture Enabling Environment (reported on FY07-08 only) 
FY07-12 

Cumulative 
actuals 

5.4.1-11 
Number of individuals who have received USG supported short-term 
agricultural enabling environment training - Male 

10 

5.4.1-11 
Number of individuals who have received USG supported long-term 
agricultural enabling environment training - Female 

4 

5.4.1-11 
Number of individuals who have received USG supported long-term 
agricultural enabling environment training - Male 

4 

  
Number of policy studies undertaken with USG assistance (Custom Indicator) 1 

 
Table 12.2. AquaFish CRSP FY2007-2011 USAID-EGAT/EG Indicator Report: Agriculture Sector 
Productivity 
 

Indicator 
number 

 Updated 
number 4.5.2   Agriculture Sector Productivity 

FY07-12 
Cumulative 

actuals  
        

5.2-14 5.2 -J 
(10) 

Number of new technologies or management practices under research as a 
result of USG assistance. 

164 

5.2-16 5.2-H (8) Number of new technologies or management practices made available for 
transfer as a result of USG assistance. 

89 

5.2-15 5.2-I (9) Number of new technologies or management practices being field tested as 
a result of USG assistance. 

80 

5.2-17 5.2-B (2) Number of additional hectares under improved technologies or 
management practices as a result of USG assistance. 

9,983 

5.2-19 5.2-
M(13) Number of rural households benefiting directly from USG interventions 1,002/yr 

5.1-18 
  

Number of vulnerable households benefiting directly from USG 
interventions 

94 

5.2-20 5.2-
K(11) 

Number of producers organizations, water users associations, trade and 
business associations, and community-based organizations (CBOs) 
receiving USG assistance 

33 

5.2-21 
  

Number of agriculture-related firms benefiting directly from USG 
supported interventions. 

28 

5.2-28 
  

Number of women’s organizations/associations assisted as a result of USG 
interventions. 

16 

5.2-22 5.2-L 
(12) 

Number of public-private partnerships formed as a result of USG 
assistance. 46 

5.2-26 
5.2-G(7) 

Number of individuals who have received USG supported short-term 
agricultural sector productivity training - Female 

1,995 

5.2-26 
5.2-G(7) 

Number of individuals who have received USG supported short-term 
agricultural sector productivity training - Male 

3,783 
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Indicator 
number 

 Updated 
number 4.5.2   Agriculture Sector Productivity 

FY07-12 
Cumulative 

actuals  
        

5.2-27 
5.2-F(6) 

Number of individuals who have received USG supported long-term 
agricultural sector productivity training - Female 

372 

5.2-27 
5.2-F(6) 

Number of individuals who have received USG supported long-term 
agricultural sector productivity training - Male 

387 

    Number of partner organizations benefiting (Custom Indicator) 28 
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MONITORING & EVALUATION REPORT: PHASE II 
 

The AquaFish IL Monitoring and Evaluation Plan was formalized and approved by USAID on 9 
September 2013, functioning under two sets of impact indicators—1) key development target indicators 
tied to AquaFish IL research, capacity building, information dissemination, and gender integration; and 2) 
the US Governments Feed the Future Monitoring System (FTFMS). This report covers the time period 
2013-2018. 
 
The AquaFish IL has met or exceeded all Key Development Targets set for Phase II. Benchmarks and 
milestones were set as a means to monitor and measure performance in four target areas. The examples 
included throughout this report represent a subset of accomplishments to demonstrate achievement 
towards meeting targets. This is not a comprehensive summary of all program accomplishments.    
 
A. Key Development Targets: Milestones and Benchmarks 
The following conceptual framework helps ensure that targets are adequately addressed across the global 
portfolio, and for facilitating feedback and continuous learning in order to improve processes and 
outcomes. The proposed targets, indicators, and milestones are estimated and may change upon 
subcontract review and award. The AquaFish IL gender strategy will continue to ensure strong 
programmatic commitment toward gender inclusion. Gender is both integrated into the four targets and 
also highlighted independently.  
 

RESEARCH TARGET 

Produce end-user aquaculture and fisheries research results that promote sustainable intensification of 
production systems, enhance food safety and nutrition, increase international trade opportunities, and 
contribute to responsible aquatic resource management. 

 
Program-wide Research Milestones 

(1) Developed and adopted innovative and appropriate technologies that increase profitability and 
environmental stewardship in aquaculture and fisheries.  

(2) Addressed biodiversity conservation issues to ameliorate threats to biodiversity and developed 
technologies and strategies to protect habitat and populations.  

(3) Continuously funded research projects that meet or exceed the expectations of external peer-
review panels. 

(4) AquaFish activities and outputs improved the availability of and access to nutrient dense foods. 
(5) Engaged local stakeholders in research design, implementation, and results reporting through 

active participation.  
 

Year 1 Benchmarks: Status- Complete 
(a) Request for Proposals approved by USAID and widely advertised for new projects with submitted 

proposals externally peer-reviewed. 
The AquaFish IL RFP was approved by USAID on 29 March 2013 and was released to five 
continuing US Lead Project PIs on 1 April 2013. All five submitted proposals progressed through an 
external peer-review process that included: external technical reviews, and an external peer-review 
panel and evaluation that took place on 20 May 2013. A widely advertised RFP for a new project in 
Burma was released on 11 May 2013. 

 
(b) Favorably reviewed proposals have activities initiated in a timely manner.  

Projects started on 1 July 2013 for the five peer-reviewed proposals.  The Africa Regional Orientation 
Meeting was held in Ghana on 5-7 July and attended by the two new Phase II AquaFish IL Project 
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teams in Africa.  The AquaFish IL Orientation Meeting was held in Washington DC on 23-24 
September, attended by all five Lead US Project PIs, five Lead Host Country PIs, the AquaFish IL 
Management Team, and USAID. 
 

(c) Identified partners for gauging nutrition status and change. With or through the partners, established 
measurable baselines for the targeted groups for fish production levels, income, and diet. 
AquaFish IL researchers engaged in collaborations with USAID Nutrition Advisor and Nutrition Lab 
AOR, Maura Mack on a number of topics related to human nutrition—including a concept note for 
work in Bangladesh with WorldFish.  Collaborations with the Nutrition IL in common host countries 
and other appropriate locations is leading to joint efforts in addressing human nutrition and 
establishing baselines.  Key personnel in the Nutrition Lab also reviewed Phase II proposals.  Other 
collaborating institutions and organizations with a nutrition focus include the International Livestock 
Research Institute (ILRI) and CGIAR Research Program on Livestock and Fish (CRP 3.7). 
 
Years 2-5 Benchmarks: Status- Complete 

(a) 1 innovative aquaculture and fisheries technology or strategy developed and disseminated throughout 
each region.  
In Phase II, AquaFish IL researchers have developed and disseminated more than 20 technologies or 
new management strategies in fisheries and aquaculture in each region.  The technologies listed 
below offer a small glimpse of this effort, highlighting the technologies that have been transferred or 
made available for transfer through AquaFish IL-supported outreach during Phase II. A more 
comprehensive list of technologies developed under Phase II can be found in the Technology Transfer 
section of the Final Report of the AquaFish CRSP and AquaFish IL. 
 
In Africa, two studies in Ghana and Uganda have resulted in the successful development and 
dissemination of mobile phone-based systems in each country for fish famers and fish buyers to 
improve market access, minimize information gaps in the value chain, and improve efficiencies in 
fish markets (13MER01PU, 13BMA04AU, 16MER01PU, 16FSV02AU). 
 
In Kenya, one option to increase fish productivity and at the same time provide an additional revenue 
stream is to integrate the fish culture more directly with vegetable production.  Researchers 
successfully developed a small-scale prototype and a medium-scale aquaponics system that can be 
used to raise both fish and crops within tropical climates, and importantly, in water deficient East 
Africa (13BMA05AU, 13BMA05AU).  
 
In Asia, researchers have successfully demonstrated and transferred the culture of pangasius in 
brackish (also referred to as hyposaline) waters to help farmers adapt to seawater encroachment in 
coastal Bangladesh.  Further development of this technology determined that increasing stocking 
density by 50% and application of formulated feeds enhances fish yields and reduces feed costs for 
growing pangasius in hyposaline waters (13BMA02NC).   
 
A study in Nepal was conducted to expand the technologies developed through earlier research on 
carps, tilapia, and sahar production in order to demonstrate alternative fish production models. In 
particular, researchers conducted new on-farm experiments on monoculture and polyculture systems, 
using carp with the addition of tilapia and sahar, to determine the most practical system for farm 
adoption (16BMA03UM).  This builds off of earlier work that resulted in the successful breeding of 
the high-value indigenous sahar (Tor putitora) in temperate regions of Nepal (13QSD02UM) and 
trials that improved the productivity of carp polyculture (13SFT08UM).  These technologies have 
also been combined with studies on in-pond periphyton production to enhance fish yields 
(13SFT08UM, 16BMA04UM). 
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(b) AquaFish IL activities remain locally appropriate by receiving regular input through the Regional 
Centers of Excellence and Development Theme Advisory Panels.  
The Regional Centers of Excellence (RCEs) have remained active in establishing regional linkages 
with NGOs, governmental and academic institutions, and stakeholder groups in each of the three 
active regions (Africa, Asia, and Latin America and the Caribbean). These linkages have served to 
promote information exchanges and technology sharing among researchers, policymakers, 
government officers, and local stakeholders. They have also established strong regional networking 
links that enable regular information sharing and promote regional capacity building, including 
opportunities for student training and exchanges. RCE emphasis on empowering students and funding 
their participation in trainings and conference attendance has further strengthened the long-term 
training goals of the Core Research Projects. These activities have helped the MT and project leaders 
in assessing needs for research and activities under the continuation plans and in add-on 
investigations. 
 
The Development Theme Advisory Panel (DTAP) Lead Coordinators continued to serve an 
instrumental role in evaluating work plan changes throughout Phase II. The AquaFish IL has also 
relied on its External Program Advisory Council (EPAC), comprised of specialists in Africa and Asia 
who are external to the program, to provide policy-setting programmatic guidance. 

 
(c) Established baselines and produced measurable increases in farm productivity, farmer incomes, 

market access, and export value, achieved following adoption of AquaFish IL recommendations and 
technologies.  
Building from Phase I AquaFish CRSP work, baselines were established in project proposals, their 
associated monitoring and evaluation plans, and the programmatic FTFMS indicators to identify key 
areas for change and ensure measurable increases in farm productivity, farmer incomes, market 
access, and export value. Uptake of AquaFish IL recommendations and technologies is executed 
through community and stakeholder involvement in the research process as well as through the 
extensive training and outreach effort by AquaFish IL researchers.  At the start of Phase II, baselines 
were set at zero for adoption of new AquaFish recommendations and technologies through short-term 
trainings, on-farm trials, and outreach.  
 
The following examples illustrate a sampling of the Phase II achievements that have and continue to 
lead to measurable increases for stakeholders in productivity, incomes, market access, and product 
export value: 
 
Farm Productivity: AquaFish ILab researchers tailor work for communities based on local conditions 
and needs toward enhancing farm productivity. Progress can be tracked by comparing farmers results 
from farmers adopting new technologies with non-adopters or by assessing farmer results before and 
after project activities.  For example, surveys conducted in Nepal indicated positive impacts of the 
project on farm practices, indicated by approximately 60-70% of farmers modifying their culture 
practices to incorporate new technologies. The following technologies were developed and optimized 
in Phase II, providing farmers with opportunities for measureable increases in farm productivity. 
• Sustainable snakehead aquaculture in Cambodia and Vietnam through improvements in 

alternative feeds and domestication, which led to the lifting of the snakehead farming ban in 
Cambodia (16IND01UC, 16SFT01UC). This provides the opportunity to snakehead farmers in 
Cambodia for sustainable production for the first time in more than 10 years.  

• Characterization of tilapia gut flora and exploration of nutritional conditioning during larval 
development to improve feed efficiency for measurable increases in fish growth and farm profits 
(13SFT05UC, 16SFT02NC). 

• Novel approaches to semi-intensive polyculture in Nepal (13SFT08UM, 13IND04UM, 
16BMA03UM) and Bangladesh (13MNE01NC, 13BMA03NC, 16MNE01NC, 16IND02NC) for 
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increasing farm incomes, diversifying household nutrition, and reducing negative environmental 
impacts. 

• Increasing productivity of Nile tilapia (Oreochromis niloticus) in Ghana and Tanzania through 
enhanced feeds and feeding practices, including the evaluation of locally produced invertebrates 
as protein sources in tilapia feeds (13SFT01PU, 16SFT03PU). 

• To increase the growth of periphyton in ponds and therefore reduce the need for expensive 
commercial feed in Nepal, on-farm experiments tested the utility of four substrates that were 
recommended by farmers to enhance periphyton growth at previous AquaFish IL workshops: split 
bamboo mats, whole bamboo, plastic bottles, and the midrib of banana leafs.  Results indicate 
that farmers using substrate produced significantly more fish (kg/100 m3) and earned 
significantly more during both the on-station trials and the on-farm trials. A workshop for non-
adopters was thus conducted to further disseminate results of on-farm trials (13SFT08UM, 
16BMA04UM). 

 
Farmer Incomes: Farmers, processors, and vendors benefiting from the improvements in production 
listed above will lead to income increases. Some of the income opportunities include the following: 
• Sustainable feeds and feeding strategies lessen the burden of high feed costs, which constitute 60-

80% of production costs.   
o Alternative feed ingredients explore more sustainable and locally available sources of protein 

as compared to commonly used fishmeal. 
o Feed reduction strategies offer optimized feed use to improve profits. 

• Novel production practices and new species for culture provides ways of diversifying farm 
possibilities, new market opportunities, and increased household income. 
o Spat collection is one of the most sustainable and cost-effective methods to obtain stock for 

shellfish farms, hence methods in Zanzibar developed for spat collectors and nursery methods 
were established to rear the collected spat. 

o Air-breathing fish are often good candidates for aquaculture in their native range and can add 
climate-resilience to the industry.  Offering income opportunities under changing conditions, 
air-breathing species studied under the AquaFish IL’s Phase II include the pangasius catfish 
(Pangasius hypopthalmus) grown in hyposaline waters, the African Lungfish (Protopterus 
aethiopicus), shing/stinging catfish (Heteropneustes fossilis), koi/climbing perch (Anabas 
testudineus), and snakehead (Chana striata). 

• New products for small- to medium-holder farmers and processors offer additional income 
opportunities.   
o Integrated fish and horticulture systems have opened up opportunity and potential for adding 

vegetables as products to supplement fish harvests.  Dyke cropping with the use of pond 
substrates was shown to increase vegetable yields in Bangladesh; and two scales of 
aquaponics systems were developed in Kenya, growing African catfish and leafy greens. 

 
Market Access:  
• Work in Ghana and Uganda has led to the development of mobile phone-based systems to 

improve market access, minimize information gaps in the value chain, and improve efficiencies in 
fish markets. The novel applications developed were downloaded more than 1,000 times in each 
country, enhancing market access to many potential users. 

• Researchers in region have made significant progress toward understanding and modeling 
aquaculture value chains in an effort to mitigate negative impacts on marginalized groups and to 
protect against potential disruptions from external factors like climate change.  This work helps to 
ensure market access remains stable and identify opportunities for new participants. 
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• Assessment of Price Volatility in the Fish Supply Chain in Uganda in Uganda developed a 
seasonal model for forecasting monthly farm-gate catfish prices. This allows farmers to develop 
market specific strategies and to manage price risk. 

 
Export Value: 
• Farmers can increase production of Mola, prawn, and carps for home consumption or for 

domestic or export markets by utilizing a combination of organic and inorganic fertilizers. This 
could enhance income and nutrition of farmer household members and livelihoods. 

• The development of snakehead diets Vietnam, in which the reliance on fishmeal is minimized, 
has been paralleled by the development of demand for this diet in the snakehead industry in 
Cambodia as farmers are taught to make more sustainable and cost-effective choices about fish 
feeds.  

 
(d) Threats to biodiversity resulting from aquaculture activities ameliorated, and biologically significant 

areas positively impacted.  
AquaFish IL research remains committed to the responsible use and preservation of global aquatic 
resources, including ameliorating threats to biodiversity from aquaculture activities and cultivating 
positive impacts on biologically sensitive areas.  The examples listed below demonstrate the research 
in Phase II focusing on climate change adaptation, indigenous species development, quality seedstock 
development, and mitigating negative environmental impacts. 
 
Marbled lungfish (Protopterus aethiopicus) is native to Ugandan waters, but its natural stocks are 
declining mainly due to overexploitation, environmental degradation, and the large-scale conversion 
of wetlands to agricultural land.  The absence of breeding and production technologies limits 
possibilities to explore its potential to generate income and improve nutrition for small-scale holders.  
Therefore, AquaFish IL researchers in Uganda imitated the development of low-cost sustainable 
breeding and culture techniques for African lungfish in the region.  This has included exploration of 
the underlying genetic drivers of the species’ diversity, reproduction, propagation, and domestication. 
(13IND03AU, 16IND03AU) 
 
Sahar (Tor putitora) is a high-value indigenous riverine species of Nepal that is declining in its 
natural habitat and has been declared an endangered species.  Limited seed production of this species 
in the temperate region has restricted its expansion in culture and rehabilitation in natural waters.  
AquaFish IL researchers in Nepal have therefore aimed to improve seed production of sahar in the 
Terai region of Nepal. In breeding experiments, 20 females successfully released eggs averaging over 
1600 eggs per kg of body weight, though timing of maturity proved difficult. Sahar fry rearing has 
begun and researchers have determined that stocking density of sahar fry from 5 to 20 fish per m2 has 
no significant effect on survival.  It has been established that both natural and induced breeding of 
sahar are possible in the Terai region. (13QSE02UM, 16QSD02UM) 

 
(e) Using baseline information, make positive changes for generally improved household (or targeted 

group) access to high quality foods. 
Improvements that have direct impacts on households and community members for enhancing their 
access to high quality foods is a key component of the AquaFish IL mission of enriching livelihoods 
and promoting human health. Building from baselines established in Phase I, AquaFish IL work in 
Phase II has improved access to high quality food.  The work listed below is demonstrative of this 
effort.  
 
In Nepal, AquaFish IL work with local schools to establish ponds for enhancing the science and 
agriculture curriculum and also for training women’s groups on fish production and the nutritional 
value of consuming fish proved successful. Pre- and post-training evaluations of participating 
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students showed a dramatic increase of awareness, increased fish consumption rates, and established a 
baseline for expanding this concept. Throughout the project, AquaFish IL partners helped establish 
aquaculture ponds at six schools in Nepal and trained 200 students and 44 women. The training 
included subjects such as economic and nutritional importance of fish, pond design and development, 
identification of cultivated fishes, pre-stocking management, liming, fertilization, seed transport and 
stocking, post-stocking management, water quality management (Color, DO, pH, Transparency, etc.), 
feed management, weed and pest management, harvesting, post-harvest management, integrated fish 
farming, introduction to fish diseases, and record keeping. During the course of the curriculum during 
Phase II, one student’s family built a household pond. (13HHI04UM, 16HHI03UM). 

 
In Ghana and Tanzania, researchers established baselines about the impacts of aquaculture on the 
evolving concept of food security, and further analysis continued in the second half of Phase II.  
Household surveys were used to assess fish consumption and its implications for household nutrition 
and food security. The results showed that fish farming households are more food secure relative to 
non-fish farming households using the Food Consumption Score as a measure of food security. The 
surveys showed that the decision to adopt fish farming is influenced by the wealth of the household, 
the agro-ecological zone, residing in a peri-urban area, the household size and per capita income of 
the household. They also showed that female household heads and women in general located 
particularly in the savannah zone (Northern Ghana) will benefit from adopting fish farming 
particularly cage farming. (13HHI01PU, 16HHI02PU) 

 
Capacity Building Target 

 
Focus AquaFish IL investments on building local capacity in aquaculture and aquatic resource 
management and ensuring long-term program impacts at local and national levels through strategic 
informal and formal training opportunities. Integrate items related to gender. 
 
Capacity Building Milestones - Regional 

(1) Forged professional and managerial relationships between US and Host Country researchers and 
institutions.  

(2) Established a track record of successful formal long-term training of Host Country and US 
students and researchers.  

(3) Delivered relevant short-term training opportunities that provide positive Host Country societal 
benefits beyond the life of the AquaFish IL.  

(4) Identified gender issues in aquaculture and fisheries and adopted gender program-wide integration 
policies. 

 
Year 1 Benchmarks: Status- Complete  
(a) Gender integration strategies adopted within all sub-awards. 

All projects submitted a strategy, which were all externally peer-reviewed and revised.  A final 
programmatic review involving the USAID BFS Gender office was conducted, and BFS gender 
officer, Krista Jacobs met with PIs during the September 2013 AquaFish IL Orientation Meeting. 

 
(b) Regional Centers of Excellence continued within the AquaFish IL regions for research activities (i.e., 

Asia, Africa, and Latin America and the Caribbean).  
Regional Centers of Excellence continued to be engaged in AquaFish IL activities by providing 
technical advice on emerging issues and identifying gaps in the portfolio from a regional perspective. 
 

(c) Formal Memoranda of Understanding adopted between all US and Host Country partners.  
Formal MOUs have been adopted between all US and Host Country partners. 
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Years 2-5 Benchmarks: Status- Complete 
(a) Partnerships strengthened among US and Host Country universities, NGOs, NARS, and USAID 

Missions through Associate Awards.  
Partnerships were fully developed for each of the seven core projects. Since 2014, the AquaFish IL 
has fostered linkages with over 100 institutions globally. Additionally, four RCEs were maintained: 
two in Africa, one in Asia, and one in Latin America. The RCEs helped build and maintain linkages 
and partnerships with USAID Missions and with region and international organizations and 
institutions. 

 
(b) At least 100 degree seeking men and women enrolled through formal long-term training 

opportunities in US, Host Country, and Regional universities.  
Since FY2014, the AquaFish IL has supported 279 long-term academic degrees for students from 14 
countries.  Of these degrees, US students earned 31 and Host Country nationals earned the remaining 
248 degrees.  
 

(c) Equal numbers of women and men trained through short- and long-term training opportunities. 
Short-term Training: A total of 4,077 individuals received short-term trainings since 2013. Gender 
was not reported for 59 trainees, and of the trainees with known genders, women comprised a total of 
1,777 or 44%, an increase from 33% of trainees from 2006-2012.  
Long-term Training: Of the 279 degrees supported, women earned 133 (48%) of them.   

 
(d) Numerous train-the-trainer workshops convened to provide Host Countries with highly skilled 

extension specialists.  
A high priority of the AquaFish IL’s extension efforts is the presentation of short-term “train-the-
trainer” workshops. These workshops help train a core group of individuals in all Host Countries who 
can provide extension activities well beyond the life of the project. The AquaFish IL also builds 
relationships with extension specialists, who are sensitive to diversity issues and have access to 
resources for women and other underrepresented groups. Involving such specialists enhances gender 
integration and ensures that women farmers and fishers have access to and feel welcome at AquaFish 
IL training opportunities. Previous experience in Kenya and elsewhere has demonstrated that 
involvement of new extension agents in short-term, farm-level workshops soon after their own 
training ensures retention of newly acquired knowledge.  
 
The AquaFish IL Asia Project in Cambodia and Vietnam had great success integrating this approach 
throughout several of their investigations (e.g., 13WIZ01UC, 16SFT01UC, 16QSD01UC). Since 
2014, AquaFish IL researchers in Cambodia and Vietnam held over 10 workshops to train project and 
collaborating government personnel in the following topics: 
• Data entry and cleaning 
• Fish population genetics and practical lab skills, analysis, and reporting regarding DNA  
• Importance of and methods to determine aquaculture carrying capacity 
• Fish nutrition, feeding strategies, snakehead feed formulation and manufacture, and improved 

snakehead processing technologies 
• Survey techniques for dietary and nutrition assessments 

 
(e) At least 30 workshops convened over the course of this 5-year award and encouraged equal 

participation from women and men. 
In Phase II, the AquaFish IL has conducted 93 short-term trainings in 8 different countries.  
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INFORMATION DISSEMINATION TARGET 

Disseminate AquaFish IL research results to foster broad application of results among local stakeholders 
within governmental and non-governmental organizations, private sector, as well as for end-users, and the 
general public. 

Information Dissemination Milestones 
(1) Successful diffusion of AquaFish IL research results and technologies between countries within a

region having comparable social and environmental conditions.
(2) Increased awareness of local stakeholder constraints and opportunities related to responsible

aquaculture and fisheries management.
(3) Applicable extension activities associated with each research project conducted to ensure wide

dissemination of research results.
(4) AquaFish IL results and technologies for farm operations adopted and policies for responsible

aquatic resource management created.
(5) AquaFish IL research published in regional, national, and international peer-reviewed journals.

Year 1 Benchmarks:  Status- Complete 
(a) Dissemination efforts have continued through Aquanews, EdopNet, and the searchable online

publication database.
Publications have continued with a Summer Issue of the AquaFish IL newsletter, Aquanews (Vol.  28,
No.1) released in August 2013 and sixteen additional issues released through Phase II; uninterrupted
monthly issues of EdOp Net have been released to a growing list of recipients; and a continuous
stream of AquaFish IL Notices of Publication for peer-reviewed research reports by AquaFish IL
researchers has been maintained in a searchable publication database on the AquaFish IL website.

(b) The importance of extension evident through integration of at least one outreach activity within each
funded project.
Proposals were reviewed and revised to include one or more outreach activities in each project.

(c) Research adoption encouraged by prioritizing the use of on- and off-farm trials to conduct research.
Research adoption is included in every Phase II project through a peer-reviewed Outreach and
Dissemination Strategy and work that includes the use of on- and off-farm trial.

Years 2-5 Benchmarks: Status- Complete 
(a) Intra- and inter-regional diffusion of AquaFish IL results and technologies accomplished.

Intra-regional diffusion of AquaFish IL results and technologies has been accomplished primarily
through sponsored short-term trainings, on-farm trials, and outreach materials.  This effort has
successfully transferred research results, management practices, technologies, and recommendations
to various levels of stakeholders including fish farmers, extension agents, and policymakers.
Extending the diffusion of results and technologies further, inter-regional outreach has been
accomplished through presentations at professional conferences around the world, sponsored
conferences and sessions, and the cultivation of a growing network of more than 250 interdisciplinary
researchers and professionals from more than 30 countries.

(b) Training manuals with local and regional scopes published following completion of AquaFish IL
research projects.
Since 2013, AquaFish IL researchers have produced over 30 brochures, leaflets, and factsheets on
research results geared for local and regional consumption.  These outreach materials serve as training
materials for stakeholders, offering research-based information and outreach.  These materials have
been prepared and translated into at least 5 languages to enhance uptake by community members,
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extension agents, and policymakers. The AquaFish IL management team has also continued the 
production and distribution of aquaculture manuals for multiple stakeholders around the world. 

(c) Continuous academic output of AquaFish IL data as publications within recognized journals and
presentations provided at regional, national, and international forums.
Since 2013, AquaFish IL collaborators, partners, and staff have published over 300 articles in 
peer-reviewed journals and trade journals. Beyond journal articles, the AquaFish IL has given over 
450 oral and poster presentations on research results at numerous conferences and networking 
events.

GENDER INTEGRATION: CROSS-CUTTING TARGET 
The AquaFish IL is dedicated to improving gender inclusiveness in the aquaculture and fisheries sectors. 
Gender integration is implicit and interwoven into the above research, capacity building, and information 
dissemination milestones and benchmarks requested by USAID in its original RFA. Additional explicit 
guidance, in the form of program-wide gender integration initiatives, is provided below.  

Year 1 Initiatives: Status- Complete 
(a) Require that all funded projects address gender inclusiveness within their planned scope-of-work.

In the 2013 Request for Proposal (RFP), guidance was provided to applicants to form projects around
the core program components, which includes gender integration. In a more directed effort, the RFP
also required the inclusion of at least one outreach activity that focuses on women and/or girls.
Further, each project was required to submit a Gender Inclusiveness Strategy as a component of
their overall research proposal. The AquaFish IL Management Team and USAID subsequently
reviewed these plans prior to implementation. Projects were not implemented until these gender
inclusiveness requirements were met.

(b) Seek out USAID review of projects’ gender inclusiveness plans and respond by improving plans prior
to project implementation.
Guidance and reviews on project gender inclusiveness plans were sought out from BFS/USAID and
staff from the Gender Office, HICD, and FTFMS.

Years 2-5 Initiatives: Status- Complete 
(a) Collect disaggregated gender data from individual research and outreach projects funded by the

AquaFish IL.
Data collected for short-term and long-term training activities is disaggregated by gender has
continued through the life of the project.

(b) Analyze disaggregated data on an annual basis to gauge gender inclusiveness success and take
appropriate action as indicated through data analysis.
Since program inception in 2006, gender disaggregated data have been analyzed annually to track
gender inclusiveness and success (see section XII. Human and Institutional Capacity Development of
this report for more information). To help facilitate success, women’s participation is integrated at the
planning stage for all sponsored projects, utilizing context-based circumstances and information to
anticipate and overcome obstacles on the ground.

(c) Involve field projects in monitoring and evaluating gender integration as the program progresses
with time. Evaluate the effects of specific projects on gender and ensure that any possible negative
effects due to gender bias are mitigated.
Gender integration is a cross-cutting issue for all AquaFish IL projects. Gender Inclusiveness
Strategies identify specific project approaches at the start of each project, whereby PIs and
researchers in the US and Host Countries are involved in monitoring and evaluation throughout the
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research process. Investigations involve a tailored approach that considers conditions on the ground to 
help ensure success, with particular attention to women’s involvement and mitigating any negative 
effects.  

 
(d) Focus one component of a lessons learned and synthesis assessment specifically on the social context 

and impact of AquaFish IL research and outreach activities on the lives of women. 
AquaFish IL communicates gender activities and accomplishments through conference presentations, 
posters, AquaNews articles, and other media. In Phase II, the AquaFish IL has produced and 
presented a wide range of gender-focused posters Professional Conference around the world. 
Examples of this content are listed below: 
● Empowering Women and Youth Can Advance Sustainable Aquaculture and Increase Food 

Security 
●  Building Human Capacity and Gender Equity Among Global Aquaculture Stakeholders 
● Training Women and Youth to Enhance Sustainable Aquaculture and Increase Food Security 
● Gender Dimensions of Disaster Management: Building Resilience for Coastal Aquaculture and 

Fishing Communities in the Philippines 
● Examining Gender Authorship in Aquaculture Journals  
● A Multifaceted Approach to Closing the Gender Gap in Aquaculture for Improving Global 

Nutrition 
 
(e) Tailor specific extension and technical services related to sustainable aquaculture and aquatic 

resource management to women producers.  
AquaFish IL researchers tailor specific interventions to empower women through information and 
access to networks and resources. For example, in FY17, researchers in Vietnam held three 
workshops on snakehead aquaculture specifically for women, reaching a total of 90 women in three 
provinces.  In FY16, researchers in Uganda held three workshops on designing and delivering cell-
based information, reaching a total of 31 women to address their specific needs and barriers.  In FY15, 
researchers held two separate workshops in Vietnam that focused on small-scale aquaculture of 
snakehead using formulated feeds, reaching a total of 60 women participants. In FY14, the AquaFish 
IL Management Team published a synthesis article in the September/October 2014 issue of the 
Global Aquaculture Advocate called “Value Chain Analysis Helps Overcome Gender Barriers in 
Aquaculture,” highlighting AquaFish IL research on fish value chains and gender integration. The 
article addresses the importance of recognizing women’s part in these fish value chains in a systems 
approach to improving the wellbeing of entire communities. 

 
(f) Engage extension specialists who are sensitive to diversity issues and access to resources of 

underrepresented groups and women will be included as an integral part of their delivery team to 
ensure women farmers and fishers feel welcome in AquaFish IL training opportunities. 
As proposed, efforts are made to ensure women farmers are welcome at trainings. In FY17 
researchers in Ghana trained 15 women tilapia farmers on optimal production techniques. In FY16, 
two trainings on nutrition and income generation for women’s fish farming groups were held in Nepal, 
reaching 44 women. In FY15 in Tanzania, AquaFish IL personnel directly engaged with several 
women fisheries extension specialists to discuss strengths and challenges of fish ponds in their 
districts. Additionally, each project includes women in key positions, serving in roles such as 
investigators, research collaborators, mentors, and workshop leaders. All project participants are 
encouraged to attend trainings, conferences, and special sessions that build on their gender awareness 
in fisheries and aquaculture. In FY16, the Gender in Fisheries and Aquaculture (GAF) group held the 
GAF101 Training Workshop: Theorizing Gender in Aquaculture and Fisheries Research, which was 
attended by several AquaFish IL researchers. This session was held within the GAF6 Symposium and 
was sponsored by the AquaFish IL. 
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(g) Promote the participation of women in formal and informal education and training opportunities
provided through AquaFish IL. AquaFish IL has set a 50% benchmark for training women in formal
and informal education. In addition, the 50% benchmark applies to attracting and retaining women
scientists and administrators in all AquaFish IL activities, as project researchers, advisory group
members, and managers.
AquaFish IL continues to set a 50% benchmark for the involvement of women in all programmatic
activities. During Phase II, women represented 44% and 48% of the short and long-term trainees,
respectively, with program efforts reaching 1,777 women in short-term trainings and 133 women in
long-term training degree programs. Women are represented as key personnel on projects, Advisory
Groups, and in program management. Yet work remains in attracting and retaining women in lead
research positions and in better involving women stakeholders in short-term trainings.

B. USAID Feed the Future Indicators and Monitoring System
The AquaFish IL reports under USAID’s various impact reporting frameworks to achieve outcomes that 
have meaning for stakeholders, including Missions, Host Country decision-makers, and end-users. 
Indicators under FTFMS evolve over time, but the primary indicators relevant to the AquaFish IL have 
allowed for the consistent quantification of four components of the overall mission.  

Table 1. AquaFish IL Feed the Future Monitoring System 4.5.2 FTFMS indicators and associated data 
disaggregates. “Target” and “Actual” values for each indicator are reported annually in the USAID 
online reporting interface. This table contains reported “Actuals” for 2013-2017 and “Targets” for 2018. 

FTFMS Indicator 
2013 2014 2015 2016 2017 2018 

Actual Actual Actual Actual Actual Actual 

EG.3.2-1: Number of individuals who have received 
USG-supported short-term agricultural sector 
productivity or food security training 

74 277 661 526 512 786 

Male 64 167 393 261 277 439 

Female 10 110 268 265 235 347 

EG.3.2-2: Number of individuals who have received 
USG supported degree-granting agricultural sector 
productivity or food security training 

31 96 153 158 175 151 

Male 17 56 82 79 85 78 

Female 14 40 71 79 90 73 

Disaggregates Not Available 0 

New/Continuing 31 96 153 158 175 151 

New NA NA 68 52 26 0 

Continuing NA NA 85 106 149 151 

Disaggregates Not Available 31 96 0 
EG.3.2-4: Number of for-profit private enterprises, 
producers organizations, water users associations, 
women's groups, trade and business associations, and 

8 65 27 34 45 18 
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FTFMS Indicator 
2013 2014 2015 2016 2017 2018 

Actual Actual Actual Actual Actual Actual 
community based organizations (CBOs) receiving USG 
food security related organizational development 
assistance 
Type of organization 8 65 27 34 45 18 

For-profit private enterprises 8 59 16 38 

Producers organizations 2 1 4 2 

Water users associations 0 

Women's groups 5 10 2 

Trade and business associations 0 

Community-based organizations (CBOs) 4 4 4 3 

Disaggregates Not Available 0 17 0 0 18 

New/Continuing 8 65 27 34 45 18 

New 8 59 14 18 43 0 
Continuing 0 6 13 16 2 18 
EG.3.2-7: Number of technologies or management 
practices under research, under field testing, or made 
available for transfer as a result of USG assistance 

5 19 20 18 20 12 

Number of new technologies or management practices 
under research as a result of USG assistance 4 10 9 4 4 4 

Number of new technologies or management practices 
under field testing as a result of USG assistance 1 8 4 6 12 4 

Number of new technologies or management practices 
made available for transfer as a result of USG assistance 0 1 7 8 4 4 

EG.3.2-18: Number of hectares of land under improved 
technologies or management practices with USG 
assistance 

In 2014, this indicator became specific to hectares of 
land under improved technologies or management 
practices with USG assistance and therefore became 
inapplicable to AquaFish IL work and was therefore 
dropped. 
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APPENDIX E: PROGRAM INSTITUTIONAL 
PARTNERS 

 

 
The AquaFish Innovation Lab has partnered and collaborated with institutions around the world to 
maximize the benefits of aquaculture and fisheries research, technology development, and capacity 
building. AquaFish IL US and Host Country (HC) participants accomplished this by sharing expertise, 
conducting collaborative research, engaging and educating stakeholders, and leveraging opportunities 
through a strong and growing aquaculture network.  
 
From inception in 2006 through closeout in 2018, AquaFish fostered linkages with approximately 300 
institutions globally. The AquaFish IL has built and maintained its network through formal funded 
partnerships as well as through non-funded collaborations.  
 

AquaFish Innovation Lab Linkages (2006-2018)

Argentina 
Universidad Nacional del Comahue 
 
Australia 
Australian Center for International Agricultural 

Research 
University of Tasmania 
Monash University (Melbourne) 
 
Bangladesh 
Bangladesh Agricultural University 
Bangladesh Department of Fisheries 
CGIAR-WorldFish, South Asia & Bangladesh 
Chanchal Hatchery (World Fish Supported) 
Hajee Mohammad Danesh Science & 

Technology University 
Institution of Nutrition and Food Science 

(University of Dhaka) 
Khulna University 
Patuakhali Science and Technology University 
Shushilan NGO 
University of Dhaka 
WorldFish Aquaculture Income & Nutrition 
WorldFish Farmer's Group 
 
Brazil 
Embrapa Meio Ambiente 
Sao Paulo State University 
Universidad Estadual Paulista, Centro de 

Acüicultura, Jaboticabal 
Universidad Federal do Amazonas 
 

Burma 
Yangon University 
 
Cambodia 
Cambodia Department of Conservation 
Cambodia HARVEST Project, USAID 
Cambodia Molecular Genetic Group, Health 

Scientific Research Centre University Health 
Sciences  

Department of Aquaculture Development 
Department of Fisheries, Post-Harvest 

Technologies & Quality Control of Fisheries 
Administration 

Fisheries Administration in Cambodia 
Freshwater Aquaculture Research & 

Development Center 
Hun Sen Aquaculture Institute 
Inland Aquaculture Extension & Productivity 

Improvement Project 
Inland Fisheries Research and Development 

Institute 
Institution for Research in Food and 

Development 
Kampong Cham National School of Agriculture 
Kandal Fisheries Administration 
Marine Aquaculture Research and Development 

Center  
Mekong River Commission 
Ministry of Agriculture, Forestry, and Fisheries  
Phnom Penh Fisheries Administration 
Prek Leap National School of Agriculture 
Royal University of Agriculture 
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Royal University of Law and Economics 
WorldFish Center, Cambodia 
 
Canada  
International Development Research Centre 
 
Chile 
Foundation Chile 
 
China  
China Aquatic Products Processing & Marketing 

Association 
Guizhou Normal University 
Hainan University 
Haoshideng Shrimp Farm 
Huazhong University 
Huiting Reservoir Fisheries Management 

Company 
Shanghai Ocean University 
Sichuan Aquacultural Engineering Research 

Center  
Southwest University 
Tongwei Co. Ltd. 
Wuhan University 
Xiamen University 
Zhanghe Reservoir Fisheries Management 

Company 
Zhejiang University 
 
Colombia  
Centro Internacional de Agricultura Tropical  
 
Costa Rica  
University of Costa Rica 
 
Ecuador 
Ecostas 
 
Egypt 
Academy of Scientific Research & Egyptian 

Universities  
Central Laboratory for Aquaculture Research 
Egyptian Society of Agribusiness 
Ministry of Agriculture & Land Reclamation  
 
Ethiopia 
Ethiopian Institute of Agricultural Research  
 
Ghana 
FAO-Ghana (not FAO Regional Office) 
Farmerline 

Fisheries Department, Ministry of Food & 
Agriculture 

Kwame Nkrumah University of Science and 
Technology 

Ministry of Agriculture Fisheries Directorate 
Pilot Aquaculture Center 
University for Development Studies 
Water & Sewage Company 
Water Research Institute's Aquaculture Research 

Development Center 
 
Guatemala  
San Carlos University 
 
Guyana   
Anna Regina Fish Culture Station 
Guyana Department of Fisheries  
Guyana School of Agriculture 
Maharaja Oil Mill 
Mon Repos Aquaculture Center, Department of 

Fisheries 
National Aquaculture Association of Guyana 
Trafalgar Union Women's Cooperative 
University of Guyana 
USAID Farmer-to-Farmer Program 
USAID/GTIS Program 
Von Better Aquaculture  
 
Honduras  
Centro Nacional de Investigación Piscícola El 

Carao 
Escuela Agrícola Panamerican 
Laboratorio de Calidad de Agua La Lujosas 
Secretaría de Agricultura y Ganadería 
Zamorano University  
 
Indonesia 
Indonesian Department of Fisheries 
Ladong Fisheries College 
Ujung Batee Aquaculture Center 
 
International 
Asian Fisheries and Aquaculture Forum  
Heifer International 
International Water Management Institute of the 

Consultative Group on International 
Agriculture Development (CGIAR) 

Food & Agriculture Organization of the United 
Nations  

Gender in Aquaculture and Fisheries for the 
Asian Fisheries Society  
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International Symposium on Tilapia in 
Aquaculture  

The International Institute of Fisheries 
Economics & Trade 

Sustainable Aquaculture Research Networks in 
Sub Saharan Africa  

World Aquaculture Society  
The World Bank 
 
Kenya 
Egerton University 
Karatina University 
Kenya Business Development Services 
Kenya Marine & Fisheries Research Institute 
Kenya Ministry of Fisheries Development 
Ministry of Agriculture, Livestock, and Fisheries 
Moi University 
Mwea Aquafish Farm 
National Investment Center  
Nyanchwa College of Science and Technology 
Sagana Aquaculture Center 
University of Nairobi 
University of Eldoret 
Women in Fishing Industry Project Kenyatta 

University 
 
Kenya, Tanzania, Uganda 
Lake Victoria Fisheries Organization (Kenya, 

Tanzania, Uganda) 
 
Kenya, Tanzania, Uganda, Rwanda, Burundi 
Lake Victoria Environmental Management 

Project (Kenya, Tanzania, Uganda, Rwanda, 
Burundi) 

FishAfrica 
 
Lebanon 
American University of Beirut 
 
Malawi 
Bunda College, Lilongwe 
 
Malaysia  
WorldFish Center  
 
Mali 
Assemblee Permanente des Chambres 

d'Agriculture du Mali  
Direction Nationale de la Peche 
Ministere de L'Elvage et de la Peche 

Rural Polytechnic Institute for Training & 
Applied Research 

The Permanent Assembly of Chambers of 
Agriculture  

USAID Mali 
 
Mexico 
Centro de Investigacion de Alimentacion y 

Desarrollo (Research Center for Food & 
Development) 

Centro de Transferencia Tecnologica Para La 
Acuicultura  

Comite Estatal de Sanidad Acuicola de Sinaloa  
Cooperativa Pesquera San Ramon 
Federation of Shrimp Cooperatives    
Instituto Nacional de Investigaciones Forestales 

y Agropecuarias   
Instituto Nacional de Investigaciones Forestales 

y Agropecuarias   
Instituto Sinaloense de Acuacultura 
Instituto Technologico del Mar 
Mariano Matamoros Hatchery 
Regional Center of Education and Qualification 

for Sustainable Development 
Research Center for Food & Development 
Secretariat of Agricultural Development for the 

State of Tabasco 
Sinaloa State Fisheries Department 
The Autonomous University of Sinaloa-

Culiacan 
The Autonomous University of Sinaloa-

Mazatlan 
Universidad Autónoma de Sinaloa–Culiacán 
Universidad Autónoma de Sinaloa–Mazatlán 
Universidad Autónoma de Tamaulipas 
Wetlands Conservation Program 
Universidad Juarez Autónoma de Tabasco 
Women's Oyster Culture Cooperatives of 

Nayarit 
Women's Oyster Culture Cooperatives of Puerto 

Penasco  
 
Nepal 
Agriculture and Forestry University 
Annapurna Higher Secondary School 
Center for Aquaculture Research and Production 
Directorate of Fisheries Development 
Institute of Agriculture and Animal Science 
Janata Higher Secondary School 
Kathar Higher Secondary School 
Mishrit Cooperative 
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Nepal Agricultural Research Council 
Nepal Fish Farmer's Association 
Nepal Fisheries Society  
Nepal Higher Secondary School 
Prithivi Secondary School 
Rural Integrated Development Society 
Rural Integrated Development Society-Nepal 
Shree Chandeshwory Secondary School  
Sundardeep Women Fish Farmer's Cooperative 
Winrock International 
 
Nicaragua  
Center for Research for Aquatic Ecosystems and 

Aquaculture/Central American University 
Nicaraguan Ministry of the Environment 
 
Peru 
Fondo Nacional del Desarrollo Pesquero 
Instituto de Investigaciones de la Amazonia 

Peruana  
Universidad Nacional Mayor de San Marcos 
 
Philippines 
Bureau of Fisheries and Aquatic Resources 
Central Luzon State University 
Department of Agriculture 
Genetically Improved Farmed Tilapia 

Foundation International, Inc. 
Mindanao State University 
Southeast Asian Fisheries Development Center -

Aquaculture Division 
University of the Philippines Visayas (Institute 

of Fish Processing Technology) 
West Visayas State University 
 
Puerto Rico 
University of Puerto Rico 
 
South Africa 
Department of Water Affairs & Forestry 
Stellenbosch University 
Water Research Commission 
 
Tanzania 
Institute of Marine Sciences, University of  
 Dar es Salaam 
Kingorwila National Fish Center 
Mbegani Fisheries Development Centre 
Ministry of Natural Resources and Tourism-

Aquaculture Division 
Nyegezi Fisheries Institute 

Sokoine University of Agriculture  
Tanzania Fisheries Research Institute 
University of Dar es Salaam 
Western Indian Ocean Marine Science 

Association  
 
Thailand 
CNN Aquaculture and Supply Company 
Department of Fisheries  
FAO in Asia-Pacific 
Kasetsart University 
Network of Aquaculture Centers in Asia 
 
The Netherlands 
Intervet-Schering Plough Animal Health 
Tilapia International Foundation 
 
Uganda  
Bidii Fish Farmers 
Blessed Investment Fish Farm 
Grameen Foundation 
Gulu University 
Jinja United Group Initiative for Poverty 

Alleviation & Economic Development 
Makerere University 
Namuyenge Mixed Farmers Ltd 
National Fisheries Resources Research Institute-

Aquaculture Research and Development 
Center 

Source of the Nile Fish Farm  
Walimi Fish Cooperative Society Ltd. 
 
United Kingdom 
Forum for the Future 
UK Department for International Development  
University of Stirling 
 
US 
American Soybean Association 
AmeriSci International 
Aquaculture without Frontiers 
Bemidji State University 
Brooklyn College 
Coastal Resources Center-University of Rhode 

Island 
Cornell University  
Cultural Practice LLC 
Delaware State University 
Feed the Future Innovation Labs 
Fish Farmacy 
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Fisheries Industry Technology Center-
University of Alaska   

Florida International University 
Global Aquaculture Alliance 
Goldman Sachs 
Goosepoint Oyster Inc.  
Institute for Agriculture and Trade Policy, 

Minnesota 
Louisiana State University 
Michigan State University 
Montana State University 
National Oceanic and Atmospheric 

Administration – International Sea Grant 
National Sea Grant Program Extension Office 
Nutrition Innovation Lab, Tufts University 
Ohio State University 
Oxfam America 
Pacific Shellfish Growers Association 
Partners of the Americas 
Peanut CRSP 
Shrimp Improvement Systems 
Southern Illinois University at Carbondale 
Sustainable Management of Watershed CRSP  
Texas A&M University 
Texas Parks & Wildlife Department 
Texas Sea Grant 
Texas Tech University 
U.S. Food & Drug Administration 
University of California, Davis 
University of Delaware 
University of Georgia 

University of Hawaii at Manoa 
University of Oklahoma 
University of Tennessee 
University of Texas  
University of the Virgin Islands 
US Department of Agriculture  
US Department of Commerce-NOAA 
US Fish and Wildlife Service - Bozeman Fish 

Technology Center 
US Geological Survey  
US-Mexico Aquaculture TIES Program 
USAID Sustainable Coastal Communities & 

Ecosystems Program (SUCCESS) 
USAID-Micro, Small & Medium Enterprises-

Aquaculture-DAI  
World Wildlife Fund 
 
Venezuela 
BIOTECMAR C.A. 
 
Vietnam 
An Giang Department of Agriculture and Rural 

Development 
Can Tho University  
Dong Nai Fisheries Company 
Nong Lam University (University of Agriculture 

and Forestry) 
Research Institution for Aquaculture No. 1 
University of Agriculture and Forestry (Nong 

Lam University) 
World Wildlife Fund in Asia 
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APPENDIX F: PROJECT PERSONNEL 

Project personnel from 2006-2018 are listed in the table below. Personnel are included if they received 
funding for work under one or more of the following awards: AquaFish CRSP, the AquaFish Innovation, 
the Mali Associated Award (AA), and the Strategic Investment in Rapid Technology Dissemination 
(SIRTD) AA. 

Full Name AquaFish IL Position Institution 
Australia 

Michael Rimmer Collaborator Australian Centre for International 
Agricultural Research 

Christine Crawford Chair External Program Advisory 
Council 

University of Tasmania 

Bangladesh 
Mst. Kaniz Fatema HC Investigator Bangladesh Agricultural University 
Sadika Haque HC Investigator Bangladesh Agricultural University 
Sharoz Mahean Haque HC Investigator; HC Project PI Bangladesh Agricultural University 
Md. Ashraful Islam HC Investigator Bangladesh Agricultural University 
Md. Abdul Wahab HC Project PI, HC Co-PI, HC 

Investigator 
Bangladesh Agricultural University 

Rezoanul Haque HC Co-PI, HC Investigator 
Hajee Mohammad Danesh Science 
Technology University 

Ashraful Islam HC Investigator Hajee Mohammad Danesh Science 
Technology University 

Khandaker Anisul Huq HC Co-PI Khulna University 
Shak Md. Anisul Huq HC Co-PI, HC Investigator Khulna University 
Md. Bazlur Rahaman HC Co-PI Khulna University 
Sk. Barlur Rahaman HC Investigator Khulna University 
Md. Lokman Ali HC Co-PI Patuakhali Science & Technology 

University 

Zahid Parvez Sukhan HC Investigator 
Patuakhali Science & Technology 
University 

Satchidandanda Biswas HC Co-PI, HC Investigator Shushilan NGO 
Abu Torab M.A. Rahim HC Co-PI, HC Investigator University of Dhaka 
Nazma Shaheen HC Investigator University of Dhaka 
Manjurul Karim HC Collaborator WorldFish 

Brazil 
Maria Celia Portella Regional Center of Excellence, Lead 

Coordinator (LAC) 
Sao Paulo State University 

Burma 
May Myat Noe Lwin HC Collaborator CNN Aquaculture and Supply 

Company 
Lwin Tun Kay External Advisor Yangon University 

Cambodia 
Nen Phanna HC Co-PI, HC Investigator Freshwater Aquaculture Research 

and Development Center, Inland 
Fisheries Research & Development 
Institute 
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Full Name AquaFish IL Position Institution 
Ngo Beng Bun Research Assistant Inland Fisheries Research & 

Development Institute 
Touch Bungthang HC Investigator Inland Fisheries Research & 

Development Institute 
Chay Chim Research Assistant Inland Fisheries Research & 

Development Institute 
Setha Im HC Investigator Inland Fisheries Research & 

Development Institute 
So Nam HC Project PI Inland Fisheries Research & 

Development Institute 
Hap Navy HC Investigator Inland Fisheries Research & 

Development Institute 
Soeun Norng Research Assistant Inland Fisheries Research & 

Development Institute 
Tan Phalla Research Assistant Inland Fisheries Research & 

Development Institute 
Chheng Phen HC Investigator Inland Fisheries Research & 

Development Institute 
Chea Savary Research Assistant Inland Fisheries Research & 

Development Institute 
Kao Sochivi HC Investigator Inland Fisheries Research & 

Development Institute 
Chan Sokheng Research Assistant Inland Fisheries Research & 

Development Institute 
Prum Somany HC Investigator Inland Fisheries Research & 

Development Institute 
Hing Sopheavy Research Assistant Inland Fisheries Research & 

Development Institute 
Leng Sy Vann  Research Assistant Inland Fisheries Research & 

Development Institute 
Phanara Thach HC Investigator Inland Fisheries Research & 

Development Institute 
Sim Thavry Research Assistant Inland Fisheries Research & 

Development Institute 
Eng Tong  Research Assistant Inland Fisheries Research & 

Development Institute 
Meas Vichet Research Assistant Inland Fisheries Research & 

Development Institute 
Leng  Sy Van Research Assistant Inland Fisheries Research & 

Development Institute  
China 

Lai Qiuming HC Co-PI Hainan University 
Zexia Gao HC Investigator Huazhong Agricultural University 
Wang Weimin HC Co-PI Huazhong Agricultural University 
Liping Liu HC Project PI, HC Co-PI, HC 

Collaborator, HC Investigator, Mali AA 
Assistant Leader, External Program 
Advisory Council 

Shanghai Ocean University 

Jiang Min HC Co-PI, HC Investigator Shanghai Ocean University 
Dai Xilin HC Investigator Shanghai Ocean University 
Yang Yi  HC Project PI Shanghai Ocean University 
TingTing Zhou HC Collaborator Shanghai Ocean University 
Wu Zongwen HC Collaborator, Mali AA Theme II and Sichuan Aquacultural Engineering 
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Full Name AquaFish IL Position Institution 
Theme III & Technology Research Center 

Song Biyu HC Co-PI Wuhan University 
Egypt 

Ahmed Said Diab HC Collaborator, HC Investigator Central Laboratory for Aquaculture 
Research 

Ghana 
Alloysius Attah HC Co-PI FarmerLine 
Stephen Adjei-Boateng HC Investigator, SIRTD HC 

Investigator 
Kwame Nkrumah University of 
Science & Technology 

Nelson Agbo HC Investigator, SIRTD HC 
Investigator 

Kwame Nkrumah University of 
Science & Technology 

Stephen Amisah HC Project PI, HC Co-PI, SIRTD HC 
Co-PI, Regional Center of Excellence 
Lead Coordinator (W Africa) 

Kwame Nkrumah University of 
Science & Technology 

Gifty Anane-Taabeah SIRTD HC Investigator, Research 
Assistant 

Kwame Nkrumah University of 
Science & Technology 

Reginald Annan HC Investigator Kwame Nkrumah University of 
Science & Technology 

Regina Edziyie HC Investigator Kwame Nkrumah University of 
Science & Technology 

Selina Naana Egyir Research Assistant Kwame Nkrumah University of 
Science & Technology 

Akwasi Nana Research Assistant Kwame Nkrumah University of 
Science & Technology 

Kwasi Obirikorang 
HC Investigator 

Kwame Nkrumah University of 
Science & Technology 

Nana Akwasi Osei Research Assistant Kwame Nkrumah University of 
Science & Technology 

Richard Pendleton Research Assistant Kwame Nkrumah University of 
Science & Technology 

Afua Serwaah Akoto Prempeh Research Assistant Kwame Nkrumah University of 
Science & Technology 

Paul Sarfo-Mensah HC Co-PI, HC Investigator Kwame Nkrumah University of 
Science & Technology 

Eliot Alhassan HC Investigator University for Development Studies 
Akwasi Ampofo-Yeboah HC Co-PI, HC Investigator University for Development Studies 

Guyana 
Tejnarine Geer HC Project PI, HC Co-PI Department of Fisheries 
Vivek Joshi HC Investigator Department of Fisheries 
Pamila Ramotar HC Co-PI Department of Fisheries 
Denzel Roberts HC Investigator Department of Fisheries 
Kamila Singh HC Investigator Department of Fisheries 
Lawrence Lewis HC Collaborator University of Guyana 

Indonesia 
Hassan Hasanuddin HC Co-PI, HC Investigator Ujung Batee Aquaculture Center 
Coco Kokarkin HC Investigator Ujung Batee Aquaculture Center 
Sugeng Raharjo HC Co-PI Ujung Batee Aquaculture Center 

Italy 
Nathanael Hishamunda External Program Advisory Council FAO 

Kenya 
Nancy Gitonga Mali AA Theme Leader - Theme III, 

External Program Advisory Council 
FishAfrica 

Peter Nzungi Mali AA HC Collaborator - Theme III  Government of Kenya, Fisheries 
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Full Name AquaFish IL Position Institution 
Department 

Mwangi Mbugua HC Investigator Kenya Ministry of Agriculture 
Julius Nyoro Ndogoni HC Investigator Kenya Ministry of Agriculture 
Charles Ngugi Kenya PoC; HC Project PI, HC Co-PI, 

HC Investigator, SIRTD HC 
Investigator; Regional Center of 
Excellence, Lead Coordinator (E Africa) 

Kenya Ministry of Agriculture, 
Kenyatta University, Moi 
University, University of Eldoret 

Sammy Macharia HC Co-PI, SIRTD HC Investigator Ministry of Fisheries Development 
Judith Amadiva HC Co-PI, HC Investigator, SIRTD HC 

Investigator 
Ministry of Fisheries Development, 
Kenya Ministry of Agriculture 

John Makambo HC Co-PI, HC Investigator Moi University 
Duncan Sije Research Assistant Moi University 
Julius Manyala HC Co-PI, HC Investigator Moi University, University of 

Eldoret 
James Mugo Mali AA Assistant Trainer - Theme I  Mwea Aquafish Farm 
Jennifer Atieno HC Collaborator Women in Fishing Industry Project 
Imad Saoud HC Collaborator American University of Beirut 

Mali 
Hery Coulibaly Regional Centers of Excellence, Lead 

Coordinator (W Africa), HC PI and Mali 
AA Theme Leader for Themes I, II, and 
III 

Direction Nationale de la Peche 

Soumaila Diarra Mali AA Theme Leader and 
Collaborator for Theme III  

Direction Nationale de la Peche 

Madi M.  Keita HC Collaborator, Mali AA Theme II Direction Nationale de la Peche 
Alhassane Abdou Sidy Toure HC Collaborator, Mali AA Theme II Direction Nationale de la Peche 
Alassane dit Sandy Touré HC Collaborator, Mali AA Theme II Direction Nationale de la Peche 
Boureima Traore HC Collaborator, Mali AA Theme II & 

III 
Direction Nationale de la Peche 

Mexico 
Omar Calvario Martinez HC Co-PI CIAD 
Roberto Arosemena HC Co-PI, HC Collaborator Instituto Sinaloense de Acuacultura 
Eladio Gaxiola Camacho HC Project PI Universidad Autonoma de Sinaloa-

Culiacan 
Lorena Irma Camacho HC Investigator Universidad Autonoma de Sinaloa-

Culiacan 
Ambrocio Mojardin Heraldez HC Co-PI, HC Investigator Universidad Autonoma de Sinaloa-

Culiacan 
Gustavo Rodriguez Oca de 
Montes 

HC Investigator Universidad Autonoma de Sinaloa-
Mazatlan 

V. Patricia Dominguez Jimenez HC Investigator Universidad Autonoma de Sinaloa-
Mazatlan 

Jose Cristobal Roman Reyes HC Investigator Universidad Autonoma de Sinaloa-
Mazatlan 

Guillermo Rodriguez 
Dominguez 

HC Co-PI, HC Investigator Universidad Autonoma de Sinaloa-
Mazatlan 

Miguel Angel Sanchez 
Rodriguez 

HC Investigator Universidad Autonoma de Sinaloa-
Mazatlan 

Olga Zamudio Armenta HC Investigator, HC Collaborator Universidad Autonoma de Sinaloa-
Mazatlan 

Pablo Gonzales Alanis HC Co-PI Universidad Autonoma de 
Tamaulipas 

Mauricio A. Ondarza HC Investigator Universidad Autonoma de 
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Full Name AquaFish IL Position Institution 
Tamaulipas 

Carlos Alfonso Alvarez-
Gonzalez 

HC Investigator Universidad Juarez Autonoma de 
Tabasco 

Wilfrido Contreras-Sanchez Regional Centers of Excellence, Lead 
Coordinator (LAC), HC Project PI, HC 
Investigator 

Universidad Juarez Autonoma de 
Tabasco 

Mario Fernandez-Perez HC Investigator Universidad Juarez Autonoma de 
Tabasco 

Rafael Martinez Garcia HC Investigator Universidad Juarez Autonoma de 
Tabasco 

Beatriz A.  Hernandez  Research Assistant Universidad Juarez Autonoma de 
Tabasco 

Arlette Hernandez-Franyutti HC Investigator Universidad Juarez Autonoma de 
Tabasco 

Ulises Hernandez-Vidal HC Investigator Universidad Juarez Autonoma de 
Tabasco 

Isidro Lopez-Ramos Research Assistant Universidad Juarez Autonoma de 
Tabasco 

Alejandro Macdonal-Vera HC Investigator, Research Assistant Universidad Juarez Autonoma de 
Tabasco 

Gabriel Marquez Couturier HC Investigator Universidad Juarez Autonoma de 
Tabasco 

Rosa Martha Padron-Lopez HC Investigator Universidad Juarez Autonoma de 
Tabasco 

Salomon Paramo Delgadillo HC Investigator Universidad Juarez Autonoma de 
Tabasco 

William Rodriguez-Valencia Research Assistant Universidad Juarez Autonoma de 
Tabasco 

Nepal 
Kamala Gharti HC Investigator Agriculture and Forestry University 
Dilip Kumar Jha HC Investigator Agriculture and Forestry University 
Nabin Babu Khanal HC Investigator Agriculture and Forestry University 
Narayan Pandit HC Investigator Agriculture and Forestry University 
C.N.R. Yadav HC Investigator Agriculture and Forestry University 
Sunila Rai HC Investigator, Research Assistant Agriculture and Forestry 

University, Institute of Agriculture 
& Animal Science 

Madhav K. Shrestha HC Project PI, HC Co-PI Agriculture and Forestry 
University, Institute of Agriculture 
& Animal Science 

Rama Nanda Mishra HC Co-PI Directorate of Fisheries 
Development 

Jay Dev Bista HC Co-PI Fisheries Research Center 
Suresh Kumar Wagle HC Co-PI Nepal Agriculture Research 

Council 
Nicaragua 

Osejo Baca HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Eufresia Cristina Balladares HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
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Full Name AquaFish IL Position Institution 
American University (UCA) 

Juan Ramon Bravo HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Andres Ernesto Brenes 
Altamirano 

HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Agnes Saborio Coze HC Co-PI  Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Gleyman Aristides  Cruz HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Nelvia Hernandez del Socorro HC Co-PI, HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Maria Christina  Espinoza HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Leticia Guadamuz HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Wilber  Herrera  HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Rodolfo Larzarick Research Assistant Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Carlos Rivas Leclair HC Co-PI Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Rosa Angela Osejo HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Agnes Saborio HC Co-PI Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Erik Jose Sandoval Palacios HC Investigator Center for Research & 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Wendel Carl Selexza HC Investigator Center for Research & 
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Full Name AquaFish IL Position Institution 
Development of Aquatic 
Ecosystems (CIDEA), Central 
American University (UCA) 

Erick Sandoval Palacios HC Co-PI Central American University 
Philippines 

Nelson A.  Lopez HC Co-PI Bureau of Fisheries & Aquatic 
Resources 

Remedios Bolivar HC Project PI; Regional Center of 
Excellence, Lead Coordinator (Asia) 

Central Luzon State University 

Emmanuel M. Vera Cruz HC Co-PI Central Luzon State University 
Wilfred Jamandre Philippines PoC, HC Co-PI, HC 

Investigator 
Central Luzon State University 

Emmanuel M. Vera Cruz HC Investigator Central Luzon State University 
Hernando L. Bolivar HC Co-PI, HC Collaborator GIFT International Foundation 
Rose T. Mueda HC Collaborator Institute of Fish Processing 

Technology, University of the 
Philippines at the Visayas  

Emilia Qunitio HC Co-PI Southeast Asian Fisheries 
Development Center 

Felix G. Ayson HC Co-PI, HC Investigator Southeast Asian Fisheries 
Development Center, Aquaculture 
Department 

Evelyn Grace T. de Jesus-Ayson HC Co-PI Southeast Asian Fisheries 
Development Center, Aquaculture 
Department 

Nelson Golez HC Co-PI, HC Investigator Southeast Asian Fisheries 
Development Center, Aquaculture 
Department 

Josette Gonzaga HC Investigator Southeast Asian Fisheries 
Development Center, Aquaculture 
Department 

Anicia Hurtado HC Co-PI, HC Investigator Southeast Asian Fisheries 
Development Center, Aquaculture 
Department 

Maria Rovilla J. Luhan HC Investigator Southeast Asian Fisheries 
Development Center, Aquaculture 
Department 

South Africa 
Khalid Salie HC Co-PI Stellenbosch University 

Sri Lanka 
Marcia Macomber External Program Advisory Council CGIAR Challenge Program on 

Water & Food 
Tanzania 

Narriman Jiddawi HC Co-PI Institute of Marine Sciences, 
University of Dar es Salaam 

Kajitanus Osewe HC Co-PI, HC Collaborator, SIRTD HC 
Co-PI 

Ministry of Natural Resources and 
Tourism 

Sebastian Chenyambuga Tanzania PoC; HC Co-PI, SIRTD HC 
Co-PI 

Sokoine University of Agriculture 

Nazael Madalla HC Investigator, SIRTD HC 
Investigator 

Sokoine University of Agriculture 

Berno V. Mnembuka HC Investigator Sokoine University of Agriculture 
Elibariki Emmanuel Msuya HC Investigator Sokoine University of Agriculture 
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Full Name AquaFish IL Position Institution 
Julius Francis HC Co-PI Western Indian Ocean Marine 

Sciences Association 
Thailand 

Derun Yuan HC Co-PI, HC Investigator, Mali AA 
Assistant Leader and trainer, Theme II, 
Regional Centers of Excellence: Lead 
Coordinator 

Network of Aquaculture Centres in 
Asia-Pacific, Shanghai Ocean 
University 

Uganda 
Gertrude Abalo HC Co-PI Fisheries Training Institute 
Nelly Isyagi HC Co-PI Gulu University 
Alfonse Opio HC Investigator Gulu University 
Monica Karuhanga Beraho HC Investigator Makerere University 
Theodora Hyuha HC Project PI, HC Co-PI, HC 

Investigator 
Makerere University 

Levi Kasisira HC Project PI Makerere University 
Peter Mulumba HC Investigator Makerere University 
Gertrude Atukunda HC Co-PI, HC Investigator NaFiRRI 
Moreen Matuha HC Investigator NaFIRRI 
John Walakira HC Project PI, Co-PI, HC Investigator NaFIRRI 

USA 
James Bukenya US Co-PI Alabama A&M University 
Elaine Chang US Collaborator American Scientific 
Tomi Hong US Collaborator American Scientific 
Claude Boyd US Project PI, US Investigator Auburn University 
Patricia James Research Assistant Auburn University 
Joseph Molnar US Project PI Auburn University 
Ron Phelps US Investigator Auburn University 
Jeff Terhune US Investigator Auburn University 
Karen Veverica US Investigator Auburn University 
Deborah Caro Knowledge and Data Management 

Project 
Cultural Practice, LLC 

Susan Johnson Knowledge and Data Management 
Project 

Cultural Practice, LLC 

Cait Nordehn Knowledge and Data Management 
Project 

Cultural Practice, LLC 

Deborah Rubin Knowledge and Data Management 
Project 

Cultural Practice, LLC 

Dennis Mcintosh US Collaborator Delaware State University 
Jason D.  Licamele US Collaborator Fish Farmacy 
John Supan US Co-PI Louisiana State University 
Ben Belton US Investigator Michigan State University 
William Taylor US Project PI Michigan State University 
So-Jung  Youn US Investigator Michigan State University 
John Antle US Co-PI Montana State University 
Roberto Valdivia US Investigator Montana State University 
Russell Borski US Project PI North Carolina State University 
Harry Daniels US Investigator North Carolina State University 
Peter R. Ferket US Co-PI, US Investigator North Carolina State University 
Mike Frinsko US Investigator North Carolina State University 
Upton Hatch US Co-PI, US Investigator North Carolina State University 
Benjamin Reading US Co-PI North Carolina State University 
Scott Salger US Investigator North Carolina State University 
Charles Stark US Co-PI, US Investigator North Carolina State University 
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Full Name AquaFish IL Position Institution 
Konrad Dabrowski US Co-PI Ohio State University 
Jenna Borberg Communications & Outreach Manager Oregon State University 
Jim Bowman Capacity-Building & HCPI Project 

Coordinator; RPM, Communications & 
Outreach Manager, Mali AA 
Coordinator 

Oregon State University 

Steve Buccola US Project PI Oregon State University 
Flaxen Conway Emerging Issues Panel: Oregon Sea 

Grant and Sociology Department 
Oregon State University 

Hillary Egna Director, Lead PI Oregon State University 
Ford Evans Research Projects Manager Oregon State University 
Rolf Fare US Investigator Oregon State University 
Kathryn Goetting Communications & Outreach Manager Oregon State University 
Peg Herring Communications Project  Oregon State University 
Jeff Hino Communications Project  Oregon State University 
Stephanie Ichien Research Program Assistant Oregon State University 
Karl Kosciuch Research Projects Manager Oregon State University 
Laura Morrison Synthesis and Reporting Coordinator Oregon State University 
Gil Sylvia Emerging Issues Panel: Superintendent 

of the Coastal Oregon Marine Sciences 
Center 

Oregon State University 

Tiffany Woods Communications Project  Oregon State University 
Jennifer Dennis US Co-PI, US Investigator Purdue University 
Kwamena Quagrainie US Project PI, SIRTD US Co-PI Purdue University 
Traci Holstein US Collaborator, US Investigator Shrimp Improvement Systems, 

University of Arizona 
Bibek Sharma Research Assistant Texas Tech University 
Reynaldo Patino US Co-PI Texas Tech University-Lubbock 
Emily Argo US Investigator U.S. Geological Society 
Doug Beard US Investigator U.S. Geological Society 
Abigail Lynch US Investigator U.S. Geological Society 
Shivaun Leonard Activity Manager United States Agency for 

International Development 
Maura Mack Agreement Officer's Representative 

(from Jan. 2013) 
United States Agency for 
International Development 

Harry Rea Agreement Officer's Representative 
(through Dec. 2012); USAID Consultant 
(from Jan. 2013); Cognizant Technical 
Officer 

United States Agency for 
International Development 

Joyce Turk Agreement Officer's Representative 
(from Jan. 2013) 

United States Agency for 
International Development 

Quentin Fong US Collaborator University of Alaska 
Kevin Fitzsimmons US Co-PI University of Arizona 
Edward Glenn US Investigator University of Arizona 
Carole Engle US Co-PI, US Investigator University of Arkansas at Pine 

Bluff 
Rebecca Lochmann US Co-PI University of Arkansas at Pine 

Bluff 
Sylvain De Guise US Co-PI, US Investigator University of Connecticut at Avery 

Point 
Tessa Getchis US Investigator University of Connecticut at Avery 

Point 
Marta Gomez-Chiarri US Investigator University of Connecticut at Avery 
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Full Name AquaFish IL Position Institution 
Point 

Robert S. Pomeroy US Project PI University of Connecticut at Avery 
Point 

Herbert Ssegane US Investigator University of Georgia 
Bill Tollner US Co-PI University of Georgia 
Armando Garcia-Ortega US Investigator University of Hawaii at Hilo 
Maria Haws US Project PI, US Co-PI University of Hawaii at Hilo 
William Steiner US Co-PI, US Investigator University of Hawaii at Hilo 
Sharon Ziegler-Chong US Co-PI, US Collaborator, US 

Investigator 
University of Hawaii at Hilo 

Solomon David US Investigator University of Michigan 
Barbara Diana Research Assistant University of Michigan 
James Diana US Project PI University of Michigan 
David Bengtson US Co-PI University of Rhode Island 
Chong M. Lee US Investigator University of Rhode Island 
Christopher Brown CI, US Co-PI, US Collaborator US Department of Commerce-

NOAA 
Emmanuel Frimpong US Co-PI, SIRTD US Co-PI Virginia Polytechnic Institute & 

State University 
Jason Clay External Program Advisory Council World Wildlife Fund 
Aaron McNevin External Program Advisory Council World Wildlife Fund 

Venezuela 
Raul Rincones HC Co-PI, HC Collaborator BIOTECMAR 

Vietnam 
Chung Do Minh Research Assistant Can Tho University 
Pham Minh Duc HC Investigator Can Tho University 
Tran Ngoc Hai HC Co-PI, HC Investigator Can Tho University 
Tran Thi Thanh Hien Vietnam PoC; HC Co-PI Can Tho University 
Truong Hoang Minh HC Investigator Can Tho University 
Thi Nhu Ha Nguyen HC Investigator Can Tho University 
Le Xuan Sinh HC Investigator Can Tho University 
Tran Le Cam Tu HC Investigator, Research Assistant Can Tho University 
Vu Ngoc Ut HC Investigator Can Tho University 
Duong Thuy Yen HC Investigator Can Tho University 
Nguyen Phu Hoa HC Investigator, Research Assistant Nong Lam University, University 

of Agriculture & Forestry 
Le Thanh Hung HC Co-PI Nong Lam University, University 

of Agriculture & Forestry 
Vu Cam Luong HC Investigator, Research Assistant Nong Lam University, University 

of Agriculture & Forestry 
Flavio Corsin US Co-PI, US Collaborator World Wildlife Fund in Asia 
Tuong Phi Lai Research Assistant World Wildlife Fund in Asia 
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APPENDIX G: SHORT-TERM TRAININGS 
 
 
 
 
AquaFish Short-term trainings by country from 2006-2018. Short-term training is defined as non-
academic training that lasts less than six months and does not lead to a degree or technical certificate. 
Short-term training typically includes training provided through short-courses, seminars, workshops, 
internships, and observational study tours, which typically focus on training Host Country extension 
specialists, local farmers and fishers, producers, fisheries officers, policy makers, and NGOs. Since 2006, 
AquaFish sponsored projects have trained over 11,000 people in 348 events held in 19 countries around 
the world. 
 
Lead US 
Institution Event Name 

Investigation 
Code Country 

Start 
Dates 

Number of 
Trainees 

Percent 
Women 

NCSU 

Workshop: Shrimp and Gracillaria 
Culture, New Trends for a Changing 
World- Ujung Batee, Indonesia 07MNE02NC Indonesia 2008-05-01 29 7 

NCSU 

Workshop on Shrimp and Gracilaria 
Culture: New Trends for a Changing 
World 07MNE02NC Philippines 2008-08-29 29 55 

NCSU 

Workshop on shrimp and Gracilaria 
Culture: New Trends for a Changing 
World- Banda Aceh, Indonesia 07MNE02NC Indonesia 2008-04-29 31 16 

UM Tilapia Waste Management Workshop 07MNE04UM China 2008-06-16 99 27 

UM Shrimp Waste Management Workshop 07MNE04UM China 2008-09-16 199 26 

OSU 

Host Country Principal Investigator 
Exchange workshop in South Africa, 
Ghana, Vietnam, and Brazil on the 
Culture of Cichlids HCPI Phase II Philippines 2008-03-26 29 38 

OSU 
Host Country Principal Investigator 
Exchange Visit Seminar, South Africa HCPI Phase II 

South 
Africa 2007-10-25 21 24 

OSU 
Host Country Prinicpal Investigator 
Exchange Visit Seminar, Vietnam HCPI Phase II Vietnam 2007-12-08 20 25 

OSU 
Host Country Principal Investigator 
Exchange Echo-Seminar, South Africa HCPI Phase II 

South 
Africa 2008-04-24 22 32 

OSU 
Host Country Principal Investigator 
Exchange Echo-Seminar, Kenya HCPI Phase II Kenya 2007-12-17 42 29 

OSU 
International Workshop on Tilapia and 
Other Cichlids Culture HCPI Phase II Brazil 2008-02-18 229 36 

OSU 
Host Country Principal Investigator 
Exchange Visit Seminar, Ghana HCPI Phase II Ghana 2007-11-01 63 35 

OSU Training Course on Rice-Fish Culture 
Mali Project 
Theme II China 2008-09-16 2 0 

UA Local Feed Ingredients Workshop 07SFT04UA Guyana 2008-08-15 28 29 

UA Local Feed Substitutes Workshop  07SFT05UA Guyana 2008-08-14 29 59 

UA Local Feed Substitutes 07SFT05UA Guyana 2008-06-16 25 80 
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Start 
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UHH Meeting with oyster producers 07WIZ02UH Mexico 2007-11-30 17 6 

UHH Second monitoring of organic material 07WIZ02UH Mexico 2008-03-08 4 50 

UHH 
International workshop on bivalve 
culture and sanitation 07HHI03UH Mexico 2008-09-22 42 24 

UHH 
International Workshop for Bivalve 
Culture and Sanitation 07HHI03UH Mexico 2008-09-25 83 33 

UHH 
Community meeting to introduce and 
organize project 07HHI05UH Nicaragua 2008-08-18 22 95 

UHH 

Monitoring of water and Anadara spp.- 
tissues in six sites at the Estuary of 
Aserradores, Chinandega, Nicaragua. 07HHI05UH Nicaragua 2008-08-29 5 100 

UHH 

Monitoring of water and Anadara spp.- 
tissue in six sites at the Estuary of 
Aserradores, Chinandega, Nicaragua. 07HHI05UH Nicaragua 2008-09-24 5 100 

UHH 
Intensive training and internship in 
bivalve culture and shellfish sanitation 07BMA05UH USA 2008-05-08 6 50 

UHH 
Oyster Relay and Depuration 
Community Meeting  07IND04UH Mexico 2008-09-22 14 21 

UC Cambodia Project Orientation Meeting 
 

Cambodia 2008-02-25 5 40 

UC 
Cambodia, Vietnam and US Aquafish 
CRSP Project Orientation Meeting 

 
Cambodia 2008-05-26 12 42 

UC 
Local fisheries staff and IFReDI 
researchers Training 07MNE01UC Cambodia 2008-06-16 24 25 

UC Project Inception Workshop 07TAP01UC Cambodia 2008-06-13 37 16 

NCSU 
On-site Lecture Forum on 
Kappaphycus, a red algae in Indonesia 07MNE02NC Philippines 2008-11-10 46 33 

NCSU Tilapia Podcast Workshop 07TAP02NC Philippines 2009-01-12 76 37 

NCSU 
Workshop on Seaweed Culture and 
Tilapia-Shrimp Polyculture 07MNE02NC Philippines 2009-01-15 38 47 

NCSU Soft-shell crab farming training 07MNE02NC Indonesia 2009-07-21 17 0 

NCSU Soft-shell crab farming training 07MNE02NC Indonesia 2009-07-23 42 0 

UM 
Tilapia-Channel Catfish Microcystins 
Workshop  07HHI01UM China 2008-03-01 5 60 

UM 
Alien-Indigenous Species Workshop-
China1 07MNE03UM China 2009-03-12 107 41 

UM 
Alien-Indigenous Species Workshop-
China2 07MNE03UM China 2009-05-30 94 40 

UM 
Alien-Indigenous Species Workshop-
Vietnam1 07MNE03UM Vietnam 2009-07-25 25 16 

UM 
Carp Polyculture Waste Management 
Workshop 07MNE04UM China 2009-05-22 99 22 

UM 
Shrimp Waste Management Workshop 
2 07MNE04UM China 2009-03-01 248 25 
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Code Country 
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OSU 

First Pond Culture Workshop in Kenya 
- Catfish propagation and hatchery 
management 

Mali Project 
Theme I Kenya 2009-04-06 4 25 

OSU First Pond Culture Workshop in Mali 
Mali Project 
Theme I Mali 2009-02-02 24 13 

OSU 

First Fisheries Management Workshop 
(Frame Survey Training for 
Supervisors), Mali 

Mali Project 
Theme III Mali 2009-02-09 11 0 

OSU 

Second Fisheries Management 
Workshop (Frame Survey Training for 
Enumerators), Mali 

Mali Project 
Theme III Mali 2009-02-11 20 0 

OSU 

Second Pond Culture Workshop in 
Mali - Catfish propagation and 
hatchery management 

Mali Project 
Theme I Mali 2009-06-21 22 9 

OSU 
Pre-On-farm Trials workshop for 
technical staff/supervisors 

Mali Project 
Theme I Mali 2009-06-29 5 0 

OSU 
Pre-On-farm Trials workshop for 
supervisors and participating farmers 

Mali Project 
Theme I Mali 2009-06-30 15 7 

OSU 
Up-to-date techniques for rice-fish 
culture in China  

Mali Project 
Theme II Mali 2009-06-26 21 5 

UA 
Tilapia culture, masculinization, and 
safe handling of MT 07MNE06UA Mexico 2009-08-25 10 40 

UA Recirculating Aquaculture  07HHI02UA Mexico 2009-09-22 24 21 

UA 
Tilapia culture, masculinization, and 
safe handling of MT 07MNE06UA Mexico 2009-08-11 20 65 

UA Snook Age Determination 07IND01UA Mexico 2009-07-08 20 30 

UA Recirculation in Aquaculture 07IND01UA Mexico 2009-07-09 30 43 

UA 
Larval culture and grow-out of fat 
snook juveniles 07IND01UA Mexico 2009-07-10 32 44 

UA 
Histological determinaation of gonadal 
development on teleost fish 07IND01UA Mexico 2009-07-11 29 38 

UA Tilapia Nutrition and Feeds Workshop 07SFT04UA Guyana 2009-06-18 31 71 

UHH 

Monitoring of water and Anadara spp.- 
tissue in six sites at the Estuary of 
Aserradores, Chinandega, Nicaragua. 07HHI05UH Nicaragua 2008-10-22 4 100 

UHH 
Regional Workshop on Bivalve 
Culture and Sanitation 07HHI04UH Mexico 2009-09-28 40 18 

UHH Spat collection visit to culture sites 07IND04UH Mexico 2008-10-18 20 65 

UHH 

Workshop on spat collection, growth 
rates and survival of the native oyster 
species, crassostrea corteziensis at 
santa maria bay, mexico 07IND04UH Mexico 2008-10-24 15 67 

UHH 

Data collection workshop on spat 
collection, growth rates and survival of 
the native oyster species, crassostrea 
corteziensis at santa maria bay, mexico 07IND04UH Mexico 2008-11-19 15 67 
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Percent 
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UHH 

Data collection workshop on spat 
collection, growth rates and survival of 
the native oyster species, crassostrea 
corteziensis at santa maria bay, mexico 07IND04UH Mexico 2008-12-19 10 70 

UHH 

Data collection workshop on spat 
collection, growth rates and survival of 
the native oyster species, crassostrea 
corteziensis at santa maria bay, mexico 07IND04UH Mexico 2009-01-30 10 70 

UHH 

Data collection workshop on spat 
collection, growth rates and survival of 
the native oyster species, crassostrea 
corteziensis at santa maria bay, mexico 07IND04UH Mexico 2009-02-25 15 67 

UHH 

Data collection workshop on spat 
collection, growth rates and survival of 
the native oyster species, crassostrea 
corteziensis at santa maria bay, mexico 07IND04UH Mexico 2009-03-27 15 67 

UHH 

Wrap-up workshop on spat collection, 
growth rates and survival of the native 
oyster species, crassostrea corteziensis 
at santa maria bay, mexico 07IND04UH Mexico 2009-05-29 25 64 

UHH 
Community Meeting: Monitoring of 
Water and Cockle Tissue 07HHI05UH Nicaragua 2009-04-15 5 80 

UHH 

Monitoring of water and Anadara spp.- 
tissue in six sites at the Estuary of 
Aserradores, Chinandega, Nicaragua. 07HHI05UH Nicaragua 2009-01-22 5 80 

UHH 

Monitoring of water and Anadara spp.- 
tissue in six sites at the Estuary of 
Aserradores, Chinandega, Nicaragua 07HHI05UH Nicaragua 2008-08-29 5 100 

UC 
Farmers Training of Trainers 
Workshop 07TAP01UC Cambodia 2009-09-10 37 30 

UC Farmer Field School Training 07TAP01UC Cambodia 2009-09-24 22 32 

PU 
Fish Farmers Workshop: Development 
of Small Scale Fingerlings as Baitfish 07QSD02PU Kenya 2009-06-14 27 22 

PU 
Training in Fish Supply Chain and 
Marketing of farmed Fish 07MER02PU Ghana 2009-06-22 24 33 

PU Catfish Bait Producers Training 07QSD02PU Kenya 2009-01-21 23 13 

PU Catfish Bait Producers Training 07QSD02PU Kenya 2009-01-23 33 27 

PU Catfish Bait Producers Training 07QSD02PU Kenya 2009-03-10 11 9 

PU Catfish Farmers Training 07QSD02PU Uganda 2009-04-08 11 9 

PU 
Workshop on Post-Production and 
Marketing for Bait Fish Farmers 07QSD02PU Kenya 2009-06-14 27 22 

PU 
Fish Farmers Workshop: Training in 
Fish Supply Chain and Marketing * 07MER02PU Kenya 2009-06-15 27 22 
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NCSU 
Women Training on Post-Harvest & 
Marketing of Milkfish 1 09MNE02NC Philippines 2010-04-16 13 100 

NCSU 
Financial Feasibility of Seaweed 
harvest/processing workshop-Aceh 2 09FSV02NC Indonesia 2010-08-05 37 32 

NCSU 
Women Training on Post-Harvest & 
Marketing of Milkfish 2  09MNE02NC Philippines 2010-04-29 15 100 

NCSU 
Soft-shell crab in shrimp/seaweed 
ponds 09FSV02NC Indonesia 2010-01-15 

  
UM 

Sahar-Tilapia Polyculture Farmers 
Workshop 07BMA02UM Nepal 2009-12-18 39 44 

UM 
Alien-Indigenous Species Workshop-
Vietnam2 07MNE03UM Vietnam 2009-12-24 28 18 

OSU 
Workshop on Appropriate Aquaculture 
Post Harvest Technologies 

Mali Project 
Theme II Mali 2009-11-13 24 38 

OSU 

Workshop on Training and Extension 
Capacity Building for Rice-Fish 
Culture 

Mali Project 
Theme II Mali 2009-11-16 27 0 

OSU 
Workshop on BMPs - the Issues and 
Challenges 

Mali Project 
Theme II Mali 2010-02-01 18 11 

OSU 
Stakeholders Workshop for the DNP 
Fisheries Management Team 

Mali Project 
Theme III Mali 2010-05-10 12 0 

OSU 
Stakeholders Workshop for Lake 
Sélingué Fishers 

Mali Project 
Theme III Mali 2010-05-12 33 9 

OSU Third Pond Culture Workshop in Mali 
Mali Project 
Theme I Mali 2010-05-11 14 21 

OSU 
#2 Pre-On-farm Trials workshop for 
supervisors 

Mali Project 
Theme I Mali 2010-01-12 6 17 

OSU 
Fisheries Training Workshop in Kenya 
(Lake Victoria Study Tour) 

Mali Project 
Theme III Kenya 2010-09-27 4 0 

OSU 

Post-On-farm Trials #1 evaluation 
workshop for supervisors and 
participating farmers 

Mali Project 
Theme I Mali 2010-01-11 14 14 

OSU 

2nd On-Farm Trials Eval and 3rd On-
Farm Trials Prep workshop on pond 
aquaculture in Mali 

Mali Project 
Theme I Mali 2010-05-10 6 17 

UA Tropical Fish Culture 07IND02UA Mexico 2009-08-15 33 52 

UA 
Tilapia culture, masculanization, and 
safe handling of MT 07MNE06UA Mexico 2008-09-09 34 29 

UA 
MT Analysis: Sampling and analysis 
by ELISA methods 07MNE06UA Mexico 2009-08-15 4 75 

UA 
Native Gar and Cichlids Farmers 
Training  07IND02UA Mexico 2009-09-30 19 16 

UA Native Gar and Cichlids Training 07IND02UA Mexico 2009-10-06 15 33 

UA Tilapia Aquaculture in Guyana 07SFT04UA USA 2009-10-13 1 0 

UA Basics of Aqauculture for Rural Poor 09SFT03UA Guyana 2010-08-05 40 33 

UA 

Aqauculture for Rural Poor on Site 
selection, Species selection, pond 
management. 09SFT03UA Guyana 2010-09-21 33 45 

UA Bioflocs Workshop 09MNE07UA Mexico 2010-09-06 35 49 
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UA Integrated Aquaculture-Agriculture 09QSD02UA Mexico 2010-08-13 35 40 

UA Workshop on  the Agroaqua systems 09QSD02UA Mexico 2010-09-12 34 41 

UHH Meeting with Oyster producer 
 

Mexico 2009-11-21 6 33 

UHH Spat and data collection 
 

Mexico 2009-11-21 3 0 

UHH 
Mollusc Production BMPs Workshop-
1 07BMA04UH Mexico 2009-11-21 12 25 

UHH 
Mollusc Production BMPs Workshop-
2 07BMA04UH Mexico 2009-12-05 12 25 

UHH 
Requirements for Food Safety and 
Quality 09HHI01UH Nicaragua 2010-03-19 28 68 

UHH 
Requirements for Commercialization 
and Export 09HHI01UH Nicaragua 2010-03-27 32 94 

AU 

2010 Fish Farmer Study Tour to 
catfish hatceries, fish processing plant, 
and tilapia nurseries 09BMA02AU Uganda 2010-01-15 30 23 

AU Watershed Workshop 09WIZ02AU Uganda 2010-07-06 16 19 

AU 
2010 Third Annual WAFICOS Fish 
Farmers Symposium 09BMA02AU Uganda 2010-01-13 181 24 

UC Stakeholder Review Workshop 07TAP01UC Cambodia 2009-12-04 35 20 

UC 

Final National Workshop on the 
development of alternatives to the use 
of freshwater low value fish for 
aquaculture in Cambodia and Vietnam  07MNE01UC Cambodia 2009-12-28 29 21 

UC Alternative Feeds Workshop 07SFT01UC Cambodia 2009-12-08 32 19 

UC Fish Feed Technology  07TAP01UC Cambodia 2010-06-27 29 41 

UC Snakehead Alternative Feed 09SFT01UC Cambodia 2010-06-09 30 40 

UC Snakehead Breeding and Weaning 09IND02UC Vietnam 2010-06-14 4 0 

UC Log book-Fish Measurement 09TAP03UC Cambodia 2010-06-26 30 40 

UC 
National Meeting: Prahoc Production 
Standards 09FSV01UC Cambodia 2010-06-14 72 43 

PU Plant-Based Feed Farmers Training 07SFT06PU Tanzania 2009-11-25 15 40 

PU 
Farmers' workshop on fish farming in 
Tanzania 07MER03PU Tanzania 2009-11-25 * 

PU 
Aquaculture and Environment 
Workshop 07WIZ01PU Ghana 2009-11-24 53 15 

PU Experimental Design and Analysis 09IND06PU Ghana 2010-07-28 20 15 

NCSU 
Tilapia Feeding Strategies and Feed 
Manufacturing 09SFT04NC Philippines 2011-01-18 47 32 

NCSU Culture of Seaweeds & Milkfish 09MNE02NC Philippines 2011-01-26 28 25 

NCSU 
Cage Culture of Milkfish & Other 
Marine Fishes 09MNE02NC Philippines 2011-02-21 27 22 

NCSU Seaweed Culture 09FSV02NC Philippines 2011-02-22 28 71 

NCSU Nutrition & Seaweed Handling 09FSV02NC Indonesia 2011-07-27 21 19 

NCSU Seaweed Harvest/Processing-Aceh 1 09FSV02NC Indonesia 2011-07-24 29 10 

NCSU Seaweed Candy/Dessert Workshop 1 09FSV02NC Indonesia 2011-07-26 45 96 

NCSU 
Processing Methods Workshop on 
seaweed sales in Indonesia 09FSV02NC Indonesia 2011-07-28 7 0 



 

 
 

206 

Lead US 
Institution Event Name 

Investigation 
Code Country 

Start 
Dates 

Number of 
Trainees 

Percent 
Women 

NCSU 

Workshop on Tilapia Feeding 
Strategies and Feed Manufacturing: 
Meeting Global Challenges 09SFT06NC Philippines 2011-08-11 66 39 

NCSU 
Cage Culture of Milkfish and other 
Marine Fishes 09SFT06NC Philippines 2011-06-27 16 19 

NCSU 
Cage Culture of Milkfish and Other 
Marine Fishes 09SFT06NC Philippines 2011-08-08 14 21 

NCSU 

Workshop on Small-scale Aquaculture 
and Livelihood Ventures: Seaweed 
Value- Added Products and Milkfish 
Deboning 09SFT06NC Philippines 2011-09-22 26 96 

UM 
Water Quality Management Training 
for Farmers 09BMA05UM China 2011-08-08 34 9 

UM 
Identifying Best Practices for Giant 
River Prawn Industry 09BMA06UM Thailand 2011-08-08 28 50 

UM 
Invasive Species Impacts in Reservoirs 
1 09MNE05UM Vietnam 2011-07-29 42 33 

UM 
Invasive Species Impacts in Reservoirs 
2 09MNE05UM Vietnam 2011-08-01 34 21 

UM 
Safety and health culture technique of 
intensive shrimp pond culture  09BMA04UM China 2011-05-31 75 37 

OSU 

Stakeholders Workshop to Review the 
Findings of the Lake Victoria Study 
Tour 

Mali Project 
Theme III Mali 2010-12-11 76 7 

UA 
Aqauculture for Rural Poor on feeds, 
fish health, post-harvest 09SFT03UA Guyana 2010-11-12 14 64 

UA Rockview Lodge Workshop 09SFT03UA Guyana 2011-06-15 9 0 

UA Trafalgar Union Workshop 09SFT03UA Guyana 2011-06-20 13 62 

UA Aquaponics Workshop 09QSD02UA Mexico 2011-09-20 100 50 

VT 

Feed the Future (FTF) Ghana best 
management practice (BMP) Training 
Workshop #1 10BMA02VT Ghana 2011-07-12 155 14 

VT 
FtF Ghana BMP Training of Trainers 
workshop 10BMA02VT Ghana 2011-01-11 13 31 

UHH 

Regional Workshop for Women on 
fishing, aquaculutre, and integrated 
coastal management in Sinoloa, 
Mexico 09HHI02UH Mexico 2011-09-03 30 90 

UHH 

Opportunities for coastal women in 
fisheries, aquaculture, and coastal 
management 09HHI02UH Nicaragua 2011-07-26 127 61 

UHH 
Community Meeting: Shellfish 
Population Monitoring 09HHI01UH Nicaragua 2010-11-03 45 91 

UHH 
Forum on Mangrove Ecosystem 
Biodiversity & Food Security 09HHI01UH Nicaragua 2010-10-21 64 59 

UHH 
Sign Re-installation for Black Cockles 
Management 09HHI01UH Nicaragua 2010-11-19 16 75 

UHH 
Community Meeting on Cockle 
Population Monitoring 09HHI01UH Nicaragua 2010-10-30 25 48 

AU Student Data Collectors Training 09BMA01AU Uganda 2010-10-01 5 40 
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AU Cage Culture Farmer Training 1 09BMA01AU Uganda 2011-01-01 10 40 

AU Cage Culture Farmer Training 2 09BMA01AU Uganda 2011-03-01 10 40 

AU 2011 Fish Farmers Symposium 09BMA02AU Uganda 2011-01-11 115 31 

AU 

2011 Study Tour to Kabaganda Fish 
Farm and Ugachick Poultry Breeders 
Limited 09BMA02AU Uganda 2011-01-14 10 20 

AU 

Study Tour for Kenyan Fish Farmers 
to regional fish farming facilities in 
Uganda 09BMA02AU Uganda 2011-01-31 11 27 

AU 

2011 Study Tour to ARDC – Kajjansi 
and Pearl Fishing and Aquaculture 
Limited 09BMA02AU Uganda 2011-01-14 11 18 

AU 
2011 Study Tour  to Living Fountain 
Fish Farm and Kireka Fish Farm 09BMA02AU Uganda 2011-01-14 9 11 

AU 
Certification for Aquaculture 
Professionals (CAP) Training at AU 09TAP08AU USA 2011-07-26 8 38 

AU 
In-country Training on Aquaculture in 
Ghana- CAP Master Trainer 09TAP08AU Ghana 2011-09-09 6 17 

UC 
Information/Communication 
Monitoring & Evaluation Workshop 07TAP01UC Cambodia 2011-06-28 40 43 

UC Impact Assessment Seminar 07TAP01UC Cambodia 2011-06-27 40 43 

UC 
Value chain & Development of pellet 
feed in the Mekong Delta of Vietnam  09MER04UC Vietnam 2011-03-27 6 50 

UC Practical Feed for Snakehead 09SFT01UC Vietnam 2010-11-04 34 15 

UC 
Impact Assessment Methodologies-
Cambodia 09FSV03UC Cambodia 2011-05-03 49 20 

UC 
Impact Assessment Methodologies-
Vietnam 09FSV03UC Vietnam 2011-04-28 53 26 

UC 
Snakehead fish: Value chain & 
Development of pellet feed 09MER04UC Vietnam 2011-04-28 6 50 

UC Value Chain Analysis-Cambodia 1 09MER04UC Cambodia 2011-03-27 7 57 

UC Value Chain Analysis-Cambodia 2 09MER04UC Cambodia 2011-05-23 7 57 

UC 
Management Recommendations for 
small-sized fishery-Cambodia 09MNE04UC Cambodia 2011-05-11 37 24 

UC 
 Management recommendations for 
small-sized fishery-Vietnam 09MNE04UC Vietnam 2011-07-08 27 30 

UC 
Impact Assessment trainings-
Cambodia 1 09FSV03UC Cambodia 2011-01-03 15 33 

UC 
Impact Assessment Trainings-
Cambodia 8 09FSV03UC Cambodia 2011-06-05 9 33 

UC 
Assessment impact trainings-
Cambodia 09FSV03UC Cambodia 2011-07-20 24 8 

UC 
Impact Assessment Training-
Cambodia 2 09FSV03UC Cambodia 2011-01-06 9 44 

UC 
Impact Assessment Trainings - 
Cambodia 3 09FSV03UC Cambodia 2011-01-10 14 36 
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UC 
Impact Assessment Trainings - 
Cambodia 4 09FSV03UC Cambodia 2011-01-13 8 38 

UC 
Impact Assessment Trainings - 
Cambodia 5  09FSV03UC Cambodia 2011-02-14 9 33 

UC 
Impact Assessment Trainings - 
Cambodia 6 09FSV03UC Cambodia 2011-02-17 10 30 

UC 
Impact Assessment Trainings - 
Cambodia 7 09FSV03UC Cambodia 2011-02-24 11 45 

UC 
Impact Assessment Trainings - 
Cambodia 9 09FSV03UC Cambodia 2011-06-09 9 33 

UC 
Impact Assessment Trainings - 
Cambodia 10 09FSV03UC Cambodia 2011-06-12 8 50 

PU Value Chain Opportunities for Women 09MER02PU Kenya 2010-11-24 19 79 

PU 
Pre-On-Farm Trial workshop for 
integrated pond-cage systems in Kenya 09SFT02PU Kenya 2010-10-16 39 28 

PU 
Pre-On-Farm Trial workshop for 
integrated pond-cage systems in Kenya 09SFT02PU Kenya 2011-07-08 41 27 

PU Cage culture workshop 09TAP04PU Ghana 2011-02-24 13 15 

PU Indigenous Species Culture  09IND06PU Ghana 2011-07-14 151 13 

PU 

Workshop for propagation and 
hatchery management of Nile tilapia 
and African catfish in Ghana 09QSD05PU Ghana 2010-12-14 25 16 

PU 

Training Program at PAC - 
Propagation and Hatchery 
Management of Nile Tilapia 09QSD05PU Ghana 2011-07-12 39 13 

PU 
Farmer Training: Tilapia Diet 
Formulation 09SFT05PU Tanzania 2011-09-06 20 20 

PU 
Farmer Training: Improved Tilapia 
Species Culture 09QSD04PU Tanzania 2011-09-08 20 20 

PU 

Feed the Future (FTF) Kenya best 
management practices (BMP) Training 
of Trainers workshop 10BMA01PU Kenya 2011-09-21 23 26 

NCSU Milkfish Integrated Cage Culture 1 09SFT06NC Philippines 2011-12-08 37 41 

NCSU Milkfish integrated culture workshop 2 09MNE02NC Philippines 2011-11-30 17 0 

NCSU 
Seaweed Value Added Products -
Philippines 09FSV02NC Philippines 2011-12-06 32 100 

NCSU 
Seaweed Processing Methods 
Workshop 09FSV02NC Indonesia 2011-12-10 6 50 

NCSU 

Workshop on Small-scale Aquaculture 
and Livelihood Ventures: Culture of 
Milkfish and Marine Fishes & Fish 
Feeding Strategies 09SFT06NC Philippines 2011-12-05 21 0 

NCSU 

Workshop on Small-scale Aquaculture 
and Livelihood Ventures: Seaweed 
Value- Added Products 09MNE02NC Philippines 2011-11-30 22 100 

NCSU 
Workshop on Small-scale Aquaculture 
and Livelihood Venture  09MNE02NC Philippines 2012-03-06 26 35 

UA 
International Markets and Production 
of Tilapia 

 
China 2011-11-11 120 38 

UA Aquaculture workshop 09QSD02UA Mexico 2011-11-10 20 25 

UA 
Kenya Workshop for Fisheries 
Extension Agents 

 
Kenya 2012-07-24 30 33 
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VT 

Feed the Future (FTF) Ghana best 
management practice (BMP) Training 
Workshop #2 10BMA02VT Ghana 2012-06-12 125 15 

AU 

In-country Training on Pond 
Aquaculture in Ghana- CAP Master 
Trainer 09TAP08AU Ghana 2011-10-11 14 14 

AU 
CAP training Master Trainers on 
aquaculture in Tanzania 09TAP08AU Tanzania 2011-11-07 22 32 

AU 
CAP training Master Trainers on 
aquaculture in Uganda 09TAP08AU Uganda 2011-11-13 20 50 

AU 
CAP training Master Trainers on 
aquaculture in Uganda 09TAP08AU Uganda 2011-11-13 20 50 

UC 
AquaFish Workshop in Value Chain 
Analysis for Aquatic Products 

 
Tanzania 2012-07-13 34 29 

PU 

Feed the Future (FTF) Kenya best 
management practices (BMP) Training 
Workshop #1 10BMA01PU Kenya 2012-05-09 38 18 

PU 

Feed the Future (FTF) Kenya best 
management practices (BMP) Training 
Workshop #2 10BMA01PU Kenya 2012-06-12 71 20 

UA 
Mexico value chain assessment (VCA) 
workshop 

 
Mexico 2013-03-24 23 13 

VT 

Feed the Future (FTF) Ghana best 
management practice (BMP) Training 
Workshop #3 10BMA02VT Ghana 2013-07-02 165 10 

UHH 

Regional Workshop, "The Chame 
(Dormitator latifrons)-an alternative 
fisheries species and contributor to 
aquaculture diversification" 

 
Mexico 2013-01-19 37 14 

UC 

Consultation and Dissemination of 
Experimental Pond Unit Assessment 
(EPUA) results 

 
Cambodia 2012-10-11 14 14 

PU 
Women's Training Program For 
Commercial Aquaculture 10BMA02VT Ghana 2013-01-08 87 91 

PU Farmers' Training On Fish Farming 10BMA01PU Tanzania 2013-04-25 41 27 

PU  Farmers' Training On Fish Farming 10BMA01PU Tanzania 2013-04-23 21 10 

NCSU 

On-farm training on the effectiveness 
of gher-mola/prawn or gher 
prawn/dyke cropping 13HHI03NC Bangladesh 2013-10-01 35 23 

NCSU 

Mudcrab Stakeholders Workshop: 
Crab Seed Collectors, Crab Farmers, 
Depot Holders & Other Value Chain 
Actors 13MER04NC Bangladesh 2014-06-26 34 47 

NCSU 

Training on 5 AquaFish innovative 
technologies: Cage-Pond Carp 
Polyculture, Integrated Mola Fish and 
Gher-freswhater prawn with dyke 
cropping, pulsed feeding strategies, 
polyculture of indigenous air-breathing 
fish, culturing pangasius in brackish 
waters 13HHI03NC Bangladesh 2014-06-25 20 0 

NCSU Water Quality Testing Methods 
 

Bangladesh   105 51 
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AU 

Farmer's day: Training on Feed 
formulation and administration and 
pond management strategies 13SFT07AU Kenya 2014-07-01 88 39 

AU 

Best Management Practices training 
(1) for women, fish farmers, and 
extension officers 13SFT06AU Kenya 2014-08-22 28 64 

UC 
Value chain/Climate change 
Workshops, Cambodia (Year 1) 13MER03UC Cambodia 2014-06-03 10 40 

UC 

Hands-on training at Can Tho 
University on snakehead domestication 
breeding, feeding, weaning, growing 
out and wet and dry diet formulation 13IND02UC Vietnam 2014-04-07 4 0 

UC 

Training workshop on unregulated 
aquaculture and carrying capacity 
models 13WIZ01UC Cambodia 2013-12-05 16 19 

UC 
Aquaculture Carrying Capacity at 
IFReDI 13WIZ01UC Cambodia 2014-05-23 21 38 

UC 
Training of IFReDI staff in 
aquaculture mass-balance modeling 13WIZ01UC Cambodia 2014-05-21 4 25 

PU 
Women in Aquaculture - BMP Review 
Workshop 10BMA01PU Kenya 2014-08-22 21 76 

PU 

Feed the Future (FTF) Kenya best 
management practices (BMP) End of 
Cycle Workshop (#4) 10BMA01PU Kenya 2013-12-02 19 26 

PU Fish Farming Training Workshop 10BMA01PU Tanzania 2013-11-13 15 33 

PU 
Pond Aquaculture Best Management 
Practices Workshop 10BMA01PU Tanzania 2014-08-05 48 17 

NCSU 

Farmer's day workshop: Shing/Koi-
Carp and Tilapia Carp Polyculture 
Technologies 13SFT04NC Bangladesh 2015-08-26 56 16 

NCSU 

Farmer's day workshop: Shing/Koi- 
Carp and Tilapia Carp Polyculture 
Technologies* 13MNE01NC Bangladesh 2015-08-26 * 

NCSU 
On Farm Training and Harvest: Pangas 
Culture in Hyposaline Water  13BMA02NC Bangladesh 2014-10-22 25 60 

NCSU 
On-farm training of integrated tilapia-
mudcrab fattening culture  13MER04NC Bangladesh 2015-07-03 25 64 

NCSU 

Workshop #2 - Workshop on Crab 
Seed Collectors, Crab Farmers, Depot 
Holders & Other Value Chain Actors 13MER04NC Bangladesh 2015-07-03 25 64 

AU 

Presentation/workshop at WAFICOS 
Fish Farmer Cooperative- disseminate 
grow out results to members 13IND03AU Uganda 2015-02-12 90 21 

AU 

Best Management Practices training  
(2) for fish farmers and extension 
officers 13SFT06AU Kenya 2015-08-19 37 32 

AU Workshop on Pond Construction 13SFT06AU Kenya 2015-08-17 28 4 
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Lead US 
Institution Event Name 

Investigation 
Code Country 

Start 
Dates 

Number of 
Trainees 

Percent 
Women 

AU 

Kirinyaga Fish farmers Training on 
low cost fish Feeds and Cage culture 
of Nile tilapia 13SFT06AU Kenya 2015-03-24 81 19 

UC 
Value chain/Climate change 
Workshops, Vietnam (Year 1) 13MER03UC Vietnam 2015-09-24 29 10 

UC 
Value chain/Climate change 
Workshops, Cambodia (Year 2) 13MER03UC Cambodia 2014-12-15 15 40 

UC 

Training course on impacts of climate 
change on fish value chain in 
Cambodia 13MER03UC Cambodia 2015-09-28 49 18 

UC 
Training course on impacts of climate 
change on fish value chain in Vietnam 13MER03UC Vietnam 2015-09-18 30 77 

UC 

Training of women in the Mekong 
Delta on small-scale farming of 
snakeheads using formulated feed 
(Year 2) 13SFT03UC Vietnam 2015-05-16 30 100 

UC 
Training of women on the processing 
of snakehead products (Year 2) 13SFT03UC Vietnam 2015-05-30 30 100 

UC 

National workshop on 'Consultation 
and dissemination of research findings' 
of sustainable snakehead development 
in Cambodia 13IND02UC Cambodia 2015-09-28 54 17 

UC 

Dissemination workshop on research 
findings on estimating carrying 
capacity for aquaculture in Cambodia 13WIZ01UC Cambodia 2015-07-28 28 18 

UC 
Consultation meeting/ workshops on 
impacts of Dams on the Mekong  13HHI02UC Cambodia 2015-07-13 37 86 

UC 
Consultation meeting/ workshop on 
climate change and fish yield  13HHI02UC Cambodia 2015-07-20 35 86 

UC 

Consultation meeting/ workshop on 
impacts of changing yields on fish 
consumption and food security 13HHI02UC Cambodia 2015-07-06 36 89 

UC 

Consultation and Dissemination on 
food security and household nutrition 
vulnerability of women and children 
with focus on commonly consumed 
fish 13HHI02UC Cambodia 2015-09-15 32 56 

UC 

Consultation and Dissemination on 
food security and household nutrition 
vulnerability of women and children 
with focus on commonly consumed 
fish 13HHI02UC Cambodia 2015-09-26 32 63 

UC 

Consultation and Dissemination on 
food security and household nutrition 
vulnerability of women and children 
with focus on commonly consumed 
fish 13HHI02UC Cambodia 2015-09-07 31 74 
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Lead US 
Institution Event Name 

Investigation 
Code Country 

Start 
Dates 

Number of 
Trainees 

Percent 
Women 

UC 

Stakeholder Consultation and 
Dissemination Workshop on Research 
Findings of the Project entitled 
Improving Food Security, Household 
Nutrition, and Trade Through 
Sustainable Aquaculture and Aquatic 
Resource Management  13PDV01UC Cambodia 2015-09-28 50 18 

UC 

Aquaculture carrying capacity for 
fisheries administration monthly 
meeting 13WIZ01UC Cambodia 2015-08-24 38 3 

PU 
Training on use of mobile phone for 
fish farmers and artisianl fishers 13MER01PU Ghana 2015-07-09 26 12 

PU 

Training on use of mobile phone for 
women fish processors, markets, and 
traders  13MER01PU Ghana 2015-07-13 41 88 

PU 
Shellfish aquaculture development 
workshop for women 13BMA01PU Tanzania 2015-07-29 36 44 

NCSU 

On-farm training for production of 
nutrient-rich small fish Mola and 
freshwater prawn using integrated 
cage-pond/carp polyculture for the 
Northwest Bangladesh 13BMA03NC Bangladesh 2014-07-01 15 0 

UM 
Sahar seed production technology 
farmer training workshop 13QSD02UM Nepal 2015-12-29 17 12 

UM 
Carp-SIS - periphyton polyculture 
culture workshop 13SFT08UM Nepal 2015-11-30 35 80 

UM 
Carp-SIS - periphyton polyculture on-
farm trainings 13SFT08UM Nepal 2015-07-01 15 100 

UM 
Carp-SIS - periphyton polyculture on-
farm trainings 13SFT08UM Nepal 2015-07-01 22 100 

UM 
Carp-tilapia-sahar polyculture 
demonstration project 13BMA06UM Nepal 2015-12-19 42 21 

UM 
Carp-tilapia-sahar polyculture on-farm 
trials 13BMA06UM Nepal 2015-07-06 6 50 

UM 
Fish farming training at Prithivi 
Secondary School 13HHI04UM Nepal 2015-05-05 31 48 

UM 
Fish farming training at Nepal 
Secondary School 13HHI04UM Nepal 2015-06-19 30 57 

UM 
Fish farming training at Kathar Higher 
Secondary School 13HHI04UM Nepal 2015-05-05 36 56 

UM 
Fish farming training at Janata 
Secondary School 13HHI04UM Nepal 2015-05-05 24 50 

UM 

Workshop on nutrition and income 
generation for women's fish farming 
groups in Nawalparasi 13HHI04UM Nepal 2015-11-27 22 86 

UM 

Workshop on nutrition and income 
generation for women's fish farming 
groups in Chitwan 13HHI04UM Nepal 2015-11-18 27 93 

AU 
Conference on designing and 
delivering cell-based information 13BMA04AU Uganda 2016-04-07 46 13 
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Lead US 
Institution Event Name 

Investigation 
Code Country 

Start 
Dates 

Number of 
Trainees 

Percent 
Women 

AU 
Conference on designing and 
delivering cell-based information 13BMA04AU Uganda 2016-05-06 17 41 

AU 

Training on water quality and 
environmental management issues at 
the Annual Fish Farmer Conference 
and Trade Show* 13BMA04AU Uganda 2016-05-06 * 

AU 
Conference on designing and 
delivering cell-based information 13BMA04AU Uganda 2015-10-13 46 39 

AU 

Technical symposium on new 
approaches to technical assistance in 
aquaculture (preceeding Annual Fish 
Farming Conference) 13BMA04AU Uganda 2016-05-06 111 68 

AU Youth Cage Culture Workshop 13SFT06AU Kenya 2016-09-02 16 50 

AU 
Training Youth on Cage Culture 
Systems Workshop 13SFT06AU Kenya 2015-10-02 45 29 

AU 

Training in Tilapia and Catfish 
Commercial Farming and Best 
Management Practices 13SFT06AU Kenya 2016-09-12 25 32 

AU 
Workshop 1 on profiled information 
packages held in Kampala 16FSV02AU Uganda 2016-09-02 12 42 

AU 
Tradeshow exhibitions to introduce 
mobile app throughout Uganda 16FSV02AU Uganda 2016-06-29 122 23 

AU 

Training on women's organizations in 
development for women farmers and 
service providers 16HHI04AU Uganda 2016-05-01 50 52 

AU 
Women Convocation-Conference and 
Trade show 16HHI04AU Uganda 2016-04-06 120 68 

PU 
Stakeholder training on fishmeal 
results 13SFT01PU Tanzania 2016-07-08 19 32 

UM 
Workshop in Majhui about alternatives 
for periphyton substrates 16BMA04UM Nepal 2017-02-13 32 59 

UM 
Workshop in Kawasoti about 
alternatives for periphyton substrates 16BMA04UM Nepal 2017-02-10 27 11 

AU 

THE FISH TRADERS, VALUE 
ADDITION AND PROCESSORS 
WORKSHOP  16FSV02AU Uganda 2016-10-21 31 39 

AU 
Farmer training 1 on using the 
aquaculture app held in Kampala 16FSV02AU Uganda 2017-09-29 22 41 

AU 
Fisheries officers training 2 on using 
the aquaculture app held in Kampala 16FSV02AU Uganda 2017-04-13 14 21 

AU 
Workshop to introduce mobile app 
held in Jinja 16FSV02AU Uganda 2017-07-17 95 14 

AU 

TRAINING WORKSHOP FOR 
CONTENT REVIEW BY 
SCIENTISTS AND TECHNICIANS 
at NATIONAL FISHERIES 
RESOURCES RESEARCH 
INSTITUTE(NAFIRRI) 16FSV02AU Uganda 2017-05-18 20 45 
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Lead US 
Institution Event Name 

Investigation 
Code Country 

Start 
Dates 

Number of 
Trainees 

Percent 
Women 

AU 
Conference on Women in Uganda 
Aquaculture 16HHI04AU Uganda 2017-03-06 51 71 

AU 
Presentation to fish farmer cooperative 
members and leaders 1 16HHI04AU Uganda 2017-04-28 30 20 

AU 
Demonstration on lungfish during 
regional meeting 16IND03AU Uganda 2017-01-15 11 36 

UC 
Training of IFRedI staff members on 
basic fish population genetics 16QSD01UC Vietnam 2017-09-29 2 0 

UC 

Training of IFReDI staff members on 
practical skills on DNA lab work, 
genetic data analysis and reporting 16QSD01UC Vietnam 2016-11-18 2 50 

UC 

Final National Workshop: Snakehead 
culture development sustainability 
based on audience analysis 16PDV01UC Vietnam 2017-05-18 70 43 

UC 

Training for fish farmers and 
government fisheries officers on 
domestication breeding, weaning, 
grow-out and feed formulation 
technologies of the striped snakehead 16IND01UC Cambodia 2017-07-20 14 21 

UC 

One of four training series of IFReDI 
researchers by CTU researchers on fish 
nutrition and data analyisis 16SFT01UC Vietnam 2017-09-26 4 0 

UC 

Two of four training series of IFReDI 
researchers by CTU researchers on 
snakehead feed formulation and 
manufacture 16SFT01UC Vietnam 2017-09-28 4 0 

UC 

Three of four training series of IFReDI 
researchers by CTU researchers on 
feeding strategy 16SFT01UC Vietnam 2017-09-27 4 0 

UC 

Four of four training series of IFReDI 
researchers by CTU researchers on 
improved snakehead processing 
technology 16SFT01UC Vietnam 2017-09-29 4 0 

UC 

Training for IFReDI and Can Tho 
University staff on dietary assessment 
by using the 24-hour food recall, fish 
species, food safety, nutrition, and data 
cleaning and entry 16FSV01UC Cambodia 2016-11-18 9 44 

UC 
Women's workshop on snakehead 
culture in An Giang 16IND01UC Vietnam 2017-04-08 30 100 

UC 

Workshop on snakehead culture 
development sustainability based on 
audience analysis in An Giang, 
Province 16PDV01UC Vietnam 2017-04-19 45 40 

UC 
Women's workshop on snakehead 
culture 16SFT01UC Vietnam 2017-05-13 45 64 

UC 

Workshop on snakehead culture 
development sustainability based on 
audience analysis in Tra Vinh Province 16PDV01UC Vietnam 2017-04-26 30 23 

UC 
Women's workshop on snakehead 
culture in Tra Vinh 16SFT01UC Vietnam 2017-04-24 31 100 
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Lead US 
Institution Event Name 

Investigation 
Code Country 

Start 
Dates 

Number of 
Trainees 

Percent 
Women 

UC 

Training workshop on snakehead 
culture development sustainability 
based on audience analysis in 
Cambodia 16PDV01UC Cambodia 2017-07-12 24 25 

UC 

Training workshop on value chain 
analysis and snakhead culture 
development sustainability based on 
audience analysis in Cambodia 16PDV01UC Cambodia 2017-06-20 32 31 

PU 
Technical spat collection and nursery 
rearing for women 13QSD01PU Tanzania 2017-09-29 30 73 

PU 
Workshop to train tilapia farmers in 
optimal production techniques 16BMA02PU Ghana 2017-06-20 96 19 

PU 

Training program on using mobile 
phones for market info for artisanal 
fishermen 16MER01PU Ghana 2017-05-23 49 41 

PU 

Training program on using mobile 
phones for market info for artisanal 
fishermen 16MER01PU Ghana 2017-05-16 58 31 

NCSU 

Integration of Nutrient-rich fish SIS 
and vegetables with Prawn-Carp Gher 
farming in Southwest Bangladesh 16HHI01NC Bangladesh 2017-12-15 24 50 

NCSU 

Polyculture of Air breathing Fishes, 
Koi and Shing with Indian Major 
Carps for Enhancing Income and 
Dietary Nutrition while Reducing 
Environmetal Impacts 16MNE02NC Bangladesh 2018-05-31 79 10 

NCSU 

Dissemination of Aquafish Innovation 
Lab Findings: Reduced feeding 
strategies and/or polyculture 16MNE02NC Bangladesh 2018-01-15 63 25 

NCSU 
Training on pangasius culture in 
brackish water 16MNE02NC Bangladesh 2017-11-28 50 34 

NCSU 
Training on Pangasius culture in 
brackish water 16MNE02NC Bangladesh 2017-12-01 50 40 

NCSU 

Integration of Nutrient-rich fish SIS 
and vegetables with Prawn-Carp Gher 
farming in Southwest Bangladesh 16MNE02NC Bangladesh 2017-12-21 54 17 

NCSU 

Integration of Nutrient-rich fish SIS 
and vegetables with Prawn-Carp Gher 
farming in Southwest Bangladesh 16MNE02NC Bangladesh 2017-12-26 25 56 

NCSU 

Integration of Nutrient-rich fish SIS 
and vegetables with Prawn-Carp Gher 
farming in Southwest Bangladesh 16MNE02NC Bangladesh 2018-01-05 25 72 

NCSU 

Integration of Nutrient-rich fish SIS 
and vegetables with Prawn-Carp Gher 
farming in Southwest Bangladesh 16MNE02NC Bangladesh 2018-01-15 25 72 

UM 
Demonstration trial in a private farm in 
Chitwan on the new production system 16BMA03UM Nepal 2017-06-01 9 44 
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Lead US 
Institution Event Name 

Investigation 
Code Country 

Start 
Dates 

Number of 
Trainees 

Percent 
Women 

UM 
Workshop on disseminating results 
from polyculture project 16BMA03UM Nepal 2018-02-03 28 100 

UM 
On-farm trials for periphyton 
experiements 16BMA04UM Nepal 2017-04-01 30 60 

UM Workshop for non-adopting farmers 16BMA04UM Nepal 2018-01-09 43 63 

UM Workshop for extension personnel 16BMA04UM Nepal 2018-04-18 60 37 

UM 

Workshop with fish hatchery farmers, 
commercial fish farmers, government 
scientists and extension officers 16QSD02UM Nepal 2018-04-18 

  
UM 

Training at school 1 on pond 
construction and farming 16HHI03UM Nepal 2017-05-19 39 59 

UM 
Training at school 2 on pond 
construction and farming 16HHI03UM Nepal 2017-05-26 43 44 

UM 

Training for women's group 1 on 
aquaculture and its role in household 
nutrition 16HHI03UM Nepal 2018-01-30 20 80 

UM 

Training for women's group 2 on 
aquaculture and its role in household 
nutrition 16HHI03UM Nepal 2018-02-09 23 91 

AU 
Training on value chains and 
marketing in aquaculture for farmers 16HHI04AU Uganda 2017-10-17 26 69 

PU 

Workshop to train fish farmers & 
Village Extension Officers on water 
quality management- Improved Fish 
Farming And Best Management 
Practices At Institute Of Continuing 
Education (ICE), Sokoineine 
University Of Agriculture (SUA) 16BMA01PU Tanzania 2018-05-02 28 21 

PU 

Workshop to train fish farmers on feed 
formulations and best feeding 
strategies/diets- On Improved Fish 
Farming And Best Management 
Practices At Mbeya Municipal 
Council, Tanzania 16SFT03PU Tanzania 2017-11-15 23 26 

PU 

Improved Fish Farming And Best 
Management Practices At Fisheries 
Education And Training Agency 
(FETA), Nyegezi Campus, Mwanza 16SFT03PU Tanzania 2018-03-14 19 37 

    
Total 11,437 37 

*These workshops were held in conjunction with another AquaFish IL-supported workshop. They are counted as separate events, 
but participants were not double counted. 
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APPENDIX H: FINANCIAL SUMMARY 
 

 
 
This financial summary (Appendix D) shows obligations from USAID to the AquaFish CRSP/IL 
Management Entity (ME), and allocations from the AquaFish CRSP/IL to projects, activities, themes, and 
host countries from 29 September 2006 to 28 September 2018.  This summary is intended to supplement 
and not replace the official financial reports filed by Oregon State University with USAID via the SF425 
on a quarterly basis. 
 
The total amount of US Federal dollars awarded to the ME by USAID/BFS over the life of the award was 
$32,420,000 (Table 1). In addition, the total amount awarded to this program through two separate 
Associate Awards from USAID totaled $1,850,000 (Table 2).  The two Associate Awards were: 

• Aquatic resource use and conservation for sustainable freshwater aquaculture and fisheries 
program in Mali ($750,000) 

• Strategic Investment in Rapid Technology Dissemination (SIRTD) - Enhancing the Profitability 
of Small Aquaculture Operations in Ghana, Kenya, and Tanzania ($1,100,000). 

 
In addition, total US non-Federal cost share was $6,879,791, bringing the total program value to 
$39,299,791. 
 
Table 4 provides additional detail of funding allocated to each partnering country since inception. Values 
presented are based on expenditures reported quarterly via Federal Financial Reports (SF 425).  Per-
country funding varied due to level of effort and length of the performance period within any given 
country. 
 
Throughout the life of the award, funding was allocated in similar proportions for each of the four 
Development Themes (ranging from 21% to 29%).  Percentage of total Core Research funding in support 
of each Development Theme is provided in Table 5.   
 
Lastly, percentage of total Core Research funding in support of different species groups since award 
inception is summarized in Table 6.  
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Table 1.  USAID funding from inception through 28 September 2018 

Date Award/ Modification Description Amount Obligated 
Phase I   

29 Sep 06 Original award  $900,000 
18 Sep 07 Modification 1  $2,760,000 
28 Aug 08 Modification 2  $3,160,000 
25 Sep 09 Modification 3  $3,058,096 
29 Sep 10 Modification 4  $2,941,904 
8 Sep 11 Modification 5 (NCE) $0 
3 May 12 Modification 6 (partial funding)   $1,900,000 
21 Sep 12 Modification 7 (NCE) $0 
Phase II   

27 Mar 13 Modification 8  $3,700,000 
28 Jan 14 Modification 9  $2,000,000 
20 Aug 14 Modification 10  $4,000,000 
28 Jan 15 Modification 11 (NCE)  $0 
28 Sep 15 Modification 12  $4,399,135 
11 Jan 16 Modification 13 (NCE)  $0 
21 Dec 16 Modification 14  $3,600,865 
7 Feb 18 Modification 15 (NCE)  $0 

 Total Obligated  $32,420,000 
 
Table 2.  Associate Awards from inception through 28 September 2018.  The Mali Associate 
Award occurred from 1 October 2007 to 31 December 2010. The Strategic Investment in 
Rapid Technology Dissemination (SIRTD) Associate Award occurred from 1 October 2010 to 
30 December 2014. 
Date of Award/ 
Modification 

Description Amount Obligated 

1 Oct 07 Mali Original Associate Award $250,000 
18 Nov 08 Modification 1 $250,000 
6 Nov 09 Modification 2 $250,000 
15 Sep 10 Modification 3 (NCE) $0 

 Total Obligated  $750,000 
   
28 Sep 10 SIRTD Associate Award  $1,100,000 

23 Sep 13 Modification 1 (NCE)  $0 
29 Sep 14 Modification 2 (NCE) $0 

 Total Obligated  $1,100,000  
 

Table 3  AquaFish CRSP/IL allocation summary from inception through FY2018. 

Core Research Projects 
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Description Allocated Funds since 
inception 

University of Arizona  $1,195,705  
University of Michigan  $2,793,456  
North Carolina State University  $2,399,903  
Purdue University  $3,262,543  
University of Connecticut  $2,336,035  
University of Hawaii  $1,032,526  
Auburn University  $2,257,067  

Montana State University/Oregon State University  $157,013  
Cultural Practice, LLC  $100,000  
Michigan State University  $170,000  

  

Indirect on first $25,000 per subaward   $103,750  
  

Total Allocated to Core Research Projects  $15,807,998  

 
Central Research, Capacity Building, and Research Support 

Capacity Building  $5,020,306  
Impact Assessment and Synthesis  $1,846,752  
Research Support (PSCs, conference support, etc.)  $1,699,590  

  
Total Central Research and Research Support  $8,566,648  

  
Management, Communications, M&E, Data Management, and Advisory 

Management  $5,626,122 

Indirect $2,419,232 

Total USAID Allocation from Inception through 
September 28, 2018 

$32,420,000  

Total US Non-Federal Cost Share over life of award $6,879,791 

Total Program Value $39,299,791 
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Table 4.  Breakdown of country-level expenditures from award inception in 2006 through 
FY2018. Values presented are based on expenditures as reported on the Federal Financial 
Report (SF 425).   
 
Host Country Total Expenditures Since Inception 

(through June 2018) 
Bangladesh $590,828 
Brazil $52,450 
Cambodia $1,330,324 

China $1,544,284 
Ecuador $18,162 
Egypt $6,733 
Ghana $1,261,979 
Guyana $307,407 
Indonesia $280,886 
Kenya $1,129,161 
Malaysia $52,168 
Mexico $3,100,802 
Myanmar $29,500 
Nepal $870,112 
Nicaragua $298,864 
Philippines $1,592,018 
South Africa $121,292 
Tanzania $632,160 
Thailand $143,141 
Uganda $1,459,769 
Vietnam $1,507,985 
 
  



 

 
 

221 

 
Table 5.  Summary of Core Research funding by Development Theme 

Description Percent of Core Research 

Improved Human Health and Nutrition, Food Quality, and 
Food Safety 

21% 

Income Generation for Small-Scale Fish Farmers and 
Fishers 
 

28% 

Environmental Management for Sustainable Aquatic 
Resources Use 

29% 

Enhanced Trade Opportunities for Global Fishery Markets 22% 

 100% 

 
 
 
 
 
Table 6.  Summary of Core Research funding by species group 

Species Group Percent of Core Research 

African Lungfish 2.6% 

Aquatic Flora 2.1% 

Catfish 3.2% 

Cyprinidae 7.1% 

Other bi-modal breather 1.0% 

Shellfish 9.8% 

Small-sized fish 6.4% 

Snakehead 7.7% 

Tilapia 31.1% 

Other species 6.8% 

Not assigned 22.0% 

Grand Total 100% 
 
 




