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EXECUTIVE SUM MARY

The Fourth Annual Report for the AquaFish CRSP covers FY2010 activities and accomplishments in 16
countries in Africa, Asia, and Latin America. During this reporting period, Host Country investigators
representing 29 institutions and their US partners anifrsities undertook a collaborative program
focused on improving the livelihoods of the rural poor and building institutional capacity through training
of students and stakeholders at all levels from rural fish farmers to government policy makerghiThe ei
core research projects initiatB@ new investigations undémplementation Plan 2002011.These
investigationscoverall of the ten AquaFish CRSP topic areas in the categoriesegfrated Production
SystemandPeople, Livelihoods, and Ecosystenataionships

Among theFY2010 research accomplishments are significant advances in sustainable feed technologies,
domestication of indigenous fish species, and improved waste management dystezrample, &Can

Tho University in Vietnam, researchateveloped a pelleted feed with a lower fishmeal content for

farmed snakehead, a highlue freshwater fish. This new feed represents a significant step toward
resolving the conflict between poor people who deperghuall fish from the Mekong River Basiior

their food and snakehead farmers whose competitive need for a fishmeal source is threatening the
sustainability of the fishery. At the Autonomous Juarez University of Tabasco in Mexico, researchers
made advancements on two fronts. One research teaeesied in getting snook, a popular native food

fish, to spawn in captivity and developed a customized diet that ensures survival of young fish to the next
growth stage. Overcoming these initial hurdles is a promising step toward domestication. Snook
aquacbt ure will open new income opportunities for
and fish farmers who use methyltestosterone (MT) to produeeadd tilapia fingerling populations for

fish stocking are close to having a simple, afétctive technology for removingesidualhormone from
treatment water. Researchatantifiedbacteria species that consume MT resiaunéare finalizing their
experimental work in preparation for commercial sagleFor the USAID/Mali Associate Award,
farmerto-farmer contacts following ricish demonstrations and pond culture trainings have led to
multiplier effects with respect to the adoption of new technologies and the numbers of farmers benefitting
from project interventions.

Since program inception October 2006AquaFish CRSP has supported 273 students intienmg

academic training. Women represent 48% of this student populatioRYR04.0, 196 students were

enrolled in undergraduate and graduate programs in Host Country and US instibuiongthe the past

year, 25 shoriterm trainings held in 11 Host Countries reached 694 stakeholders, raising the total number
of trainees since program inception to 3,106. For rural smallholders, these trainings covered a range of
topics including production @nprocessing best practices for fish and shellfish, vatiged processing,
marketing, and sustainable feed technologies. Several production and processing workshops specifically
involvedwomen. Addressing the need for institutional capacity building,tfaie-the-trainer workshops

were conducted for researchers, extensionists, hatchery managers, and farmer trainers.

The AquaFish CRSP program continues to look outward by building linkages among Host Countries
through the activities of its Regional Censtéor Excellence (RCE), which expanded with the opening of

an RCE for West Africa. Taking an internal focus, AquaFish CRSP initzatétdpact Assessment

Project to build a framework by which to examine core research project progress through methodologies
developed for assessing research discoveries and impacts of technology adoption.
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l. INTRODUCTION

The mission of the Aquaculture & Fisheries Collaborative Research Support Program (AquaFish CRSP)

is to enrich livelihoods and promote health by cultivating international multidisciplinary partnerships that
advance science, research, education, and ohtieagjuatic resources. The United States Agency for

International Development (USAID) looks at the AquaFishCRSPP fidevel op more compr €
sustainable, ecological and socially compatible, and economically viable aquaculture systems and

innovative fsheries management systems in developing countries that contribute to poverty alleviation

and food security.o

This report describes the activities and accomplishments ofghaAsh CRSP from 1 October 2009 to

30 September 201WSAID funds the AquaFis@RSP under authority of the Foreign Assistance Act of

1961 (PL 87195), as amended. Significant funding is also provided by the participating US and Host
Country institutions. The AquaFish CRSP is a part
Trade ( EGAT) Bureaubs Office of Agriculture.

AquaFish CRS& cohesive program of research is carried out in selected developing countries and the
United States by teams of US and Host Country researchers, faculty, and students. Now operating under
its first USAID award, which was received on S@ptember 2006, the CRSP is guided by the concepts

and direction set down in tirogram Descriptionwhich is funded under USAICA/LWA No. EPPRA-
00-06-0001200. This award authorizes program activities from 30 Sempe@006 to 29 September

2011.

The activities of this multinational, muliinstitutional, and multidisciplinary program are administered by
Oregon State University (OSU), which functions as the Management Entity (ME) and has technical,
programmatic, anddcal responsibility for the performance of grant provisions. ME technical and
programmatic activities at OSU are carried out by a Management Team (MT: Director and staff), which is
supported in the task of program administration by advisory bodies. Mapagggeam personnel and

advisory group membership during the reporting period appear in Appendix 1.

The AquaFish CRSP diverges from the previous Aquaculture CRSP in both organization and theme.
Organizationally, this CRSP is a Cooperative Agreement,avitbader with Associates (LWA&rm of
reference, whereas the Aquaculture CRSP was a gitaal_ WA is a mechanism for allowing additional
USAID funding to complement core activities. Core activities are funded &y E6 s Of f i ce of
Agriculture originally at$8.9 million over 5 years, but amended in September 2009 to $12.82 million for
additional work in technology transfenitreachimpact assessment, and communications

Associate Award activities under the Laathled$750,000since 2007 or $250,000 during this reporting
period. The AquaFish CRSP ME is wrapping up an Associate Award focusing on aquaculture and
fisheries in Mali which was due to expire on 30 September 2010 but which received mdmtéene

cost extensiorOn the last dgs of this reporting period, the ME received another Associate A@kei)l

This new $1.mnillion AA is from EGAT for scaling up technologies as part of the US Government Feed
the Future initiative. Thematically, the new AquaFish CRSP focuses on aquauiituits core funds,

and on both aquaculture and fisheries with its Associate Awards. The themes echo much of the
sustainable aquaculture emphasis of the Aquaculture CRSP, since that earlier CRSP incorporated a
farsighted and mindful approach.



AquaFish CRSP

2010 Annual Report

In Fiscal Year 2010, AquaFish CRSP managed eight core research projects and tao-pidgr
projects operating at 18S universities, @ HC institutions and in@.countries. Below are programmatic
comments and highlights for Fiscal Year 2010.

91 At the beginning of this FY, in September the Swine flu pandemic in Mexico and

2009, the ME was awarded additional
funding to its core award raigy the ceiling
from $8.9 million to $12.82 million. The
additional funding came in response to an
RFA in August 2009, which CRSP Director,
Dr. Hillary Egna, applied for with a full
proposal, including a technical application
and cost proposal for $3.92llon.

FY 2010 was the first year of programming
for increased funding from USAID with the
objectivesof: 1) promotinghe extension of
CRSP technologies through extension,
commercialization, and partnership; and 2)
assedag the impact and communicatest
importance of CRSP research. Work
conducted under this included:

0 A project designed to assess AquaFish
CRSP discoveries, technology adoption,
and impacts.

0 A project employing a journalistic
approach for preparing stories to
illustrate successes and &iusable
practices of AquaFish CRSP.

political unrest in Kenya

9 After review by an external NS§tyle peer

review panel held in September 2009,
proposals for 2002011 continuation work
from the six existingJS lead institutions
were approved and subawards extended
through 29 September 2011. Work being
conducted unddmplementation Plan 2009
2011now includes a total of eight lead
research projects involvingXourtries, 16
US universities, and ovePHC institutions.

The Management Team published the
Implementation Plan 2062011 (April
2010),Aquanewgquarterly) andedOPNet
(monthly). The Management Team updated
the Site Descriptions (0D9); wrote an
Annual Work Plar{a new reportequired
for the additional September 2009 funding);
and published two volumes of final
investigation reports.
o AquaFish Collaborative Research
Support Progran{September 2010)

0O Support-ohori naddti gat i oTeshnical Reports: Investigations 2007

proposed by the current US Lead

2009:Volume 1

I nstitutions to adyvan oe Aquarish Colamratvd Research

objectives for this additional funding.

No-cost extensions (NCE) were granted to
the sixoriginal caeresearch projects for
extendng their work under the
Implementation Plan 200Z009from 30
September 2009 through 31 December 2009
for five projects and through 31 March 2010
for one other. NCEs werequested due to
delays stemming fromaturaldisasterand
political events that includeftboding and

Support Program(September
2010)Technical Reports: Investigations
2007%2009:Volume 2

The Management Team also published

updated AquaFish CRSP Brochures

(February 2010) and posters for the

following meetings and events:

0 Reifke Lisa, James Bowman, and
Hillary Egna Promoting Sustainable
Aquaculture and Fisheries Through
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Capacity Building: A Synopsis of Short Tasmania to assess program output.

and LongTerm Training Conducted Meeting highlights include:

Under the AquaFish CRSP 0 AguaFish CRSP Director Hillary Egna
Aquaculture2010,San DiegpCA, chaired the Aquaculture 2010 technical
March 2010 sessiorOptimizing SmaiScale

o Evans, Ford, Stephanie Ichien, Laura Aquaculture for the PooA Session in
Morrison, and Hillary EgnaMitigating Honor of Yang Y,ia longtime CRSP
the negative environmental impacts of participantwho passed iaway in July
aguaculture practicesAguaculture 2009. The full-day technical session
201Q San Diego, CA, March 2010. included 27 presentations focusing

o Evans, Ford, Stephanie Ichien, and primarily on CRSP research in Asia,
Hillary Egna.AquaFish CRSP: Africa and Latin America.

Advancing research, education, and o0 AquaFish CRSP Director Hillary Egna
outreach inaquatic resources through presented th®utstanding Achievement
international partnershipsAquaculture Award to Jim Diana (University of
2010, San Diego, CA, March 2010. Michigan) during the plenary session of

o0 Bowman James, Lisa Reifke, Héry Aquaculture 2010, honoring his
Coulibaly, Charles Ngugi, Yang Yi, Liu accomplishments and contributions to
Liping, Nancy Gitonga, Peter Nzungi, aquaculture.
and Hillary Egnalowards The 0 TheSOUCRSP Yang Yi Travel Award
Development of Sushable Freshwater was established during FY 2010 to
Aquaculture and Fisheries Management supportexcellent young scientists from
in Mali: Collaborative Work Under the one of the Asian partner institutions to
AquaFish CRSPAquaculture 20105an present research at professional
Diego,CA, March 2010 aquaculture conferences

0o TheAguaFish CRSP Management recipientwas Zexia Gao, who ustide
Team. AquaFish Collaborative Support award to attend the AquaFish CRSP
Program.Oregon State Universityarth Annual Meeting and Aquaculture 2010.
Day, Corvallis, OR, April 2010. 0 AguaFish CRSP US Lead PBrs.

0 The AguaFish CRSP Management Kevin Fitzsimmons and Jim Diana,
Team. AquaFish Collaborative Support presented the AquaFish CRSP award for
Program.Oregon State University Day best student poster at the Aquaculture
Corvallis, OR, September 2010. 2010 student reception.

o0 Egna, Hillary and Stephanie Ichien.

Poverty Alleviation in Developing 1 In FY 2010, AquaFish CRSP continued to
Countries Though Sustainable support IIFET [nternational Institute of
Solutions in Aquaculture and Fisheries FisheriesEconomics & Trade}hrough the
IIFET 2010, Montpellier, France, July Developing Country Aquaculture Economics
2010. Best Student Paper Prize and the Aquaculture
All publications are available for download Economics Professional Travel Award
from the AquaFish website presented at the IIFET 2010 cordace in
(http://aquafishcrsp.oregonstate.edu) Montpellier, France AquaFish DirectorDr.
Hillary Egna, pesented the best student paper
1 TheAquaFish CRSRT organized and to Jayasekhar Somasekharan (India) and three
facilitated the AquaFish CRSfnnual awards to Giap Nguyen (Vietnam), Taiwo
Meeting heldthis yearin San Diego, Ejiola Mafimisebi (Nigeria), and Indah
California, prior to theWorld Aquaculture Susilowati (Indonesia).

S o c i eAguadulture B010conference

(March 2010). US and HC personnel were 9 The Library Donation Project, admstered by
in attendance as well as external evaluators the AquaFish CRSP MTcontinud in FY

from World Wildlife Fund and University of 2010, shipping boxes of scientific references,
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textbooks, and journals donated to Host
Country libraries in Kenya and Mexico.

The AgquaFish CRSP secure website for the
MT and project partnenmiade great leaps
forward in the past yeaExistingdatabases,
such as shoitierm and dngterm training have
been updated with features including multiple
viewing options, uploading afocumentsand
connectivity to more usdriendly online
reporting forms. Nevieatures for FY2010
include:

o An online trawel database, allowing for
more efficient tracking angkeporting of
authorized trips

0 Aninteractive photo gallery allowing
CRSP participants to upload andtedi
photos

0 A multi-media page, providing a platform
to help distributgphoto, print, and video
meda

0 SUA (Single User Accounts) allomg for

various levels of secure acceeghe

AquaFish CRSP website

Online outreach via Facebook

0 The ability to view AquaFish field sites
via Google Earth

(@)

9 AquaFish CRSP continued to provide
leverage, establish resebrties and help
facilitate linkages between ongoing AquaFish
CRSP projects and former Aquaculture CRSP
researchers. Through their FY2010 Quarterly,
Annual and Regional Centers of Excellence
Reports, current AquaFish core research
projects have reporteder $440,000 in
leveraged support (i.e. nekguaFish CRSP
funds that were acquired as a consequence of
CRSP funding). This leveraged support is in
addition to US nottederal cost share and
Host Country Institution match. For

additional details, see Apperd.

1 The AquaFish CRSBirectorcontinued to
explore avenues to promote SARNISSA
(Sustainable Aquaculture Research Network
in SubSaharan Africa) and continue its role as
a highly successful social networking tdot

the aquaculture industacross Afrca-

currently reaching ovet,500 registered
members.

2010 Annual Report

9 As a member of the steering committee of the

CRSP Council,iie AquaFish CRSP Director
continued to interact
variety of topics through several conference
calls during this fiscayear. The AgquaFish
CRSP Director and Research Projects
Manager also attended the joint USAID/CRSP
Directors Meeting helth SeptembeR010in
Washington DC via conference call.

9 The AquaFish CRSP Director and Capacity

Building Coordinator participatEin a
conference call with theong-Term
Agricultural Training Assessmeifieam

(Under USAID contract)o provide CRSP
insight to identify the most effective features
of longterm U.S. training programs that build
African institutional capacity in agriculture.

9 As in previous years, the Regional Centers of

Excellence (RCE) continued to build linkages
and promote networking opportunities. This
year, the Africa RCE was divided to include
one RCE focusing on Eastern and Southern
Africa (RCE Lead Coordinator: Glnles

Ngugi) and a second neRCE focusing on
West Africa (RCE Lead Coordinator: Hery
Coulibaly). The division was necessary to
provide adequate coverage for these large and
very active regions. Highlights of RCE
activities are included below (excluding the
newly formed West Africa RE as it had not
started until August 2010).

0 In Asia, LeadCoordinator Dr. Remedios
Bolivar (Central Luzon State Universiiy
the Philippine¥ has continued to promote
international and regional networkiigy
visiting commercial fish farms and
initiating contact with Mindanao State
University to foster future collaborative
partnerships. Networking was also
facilitated byDr. Bolivard attendance at a
regional meeting on Tilapia culture in the
Philippines,which was also attended by
the Asia Regional Coordinators of The
WorldFish Center.

o Dr. Bolivar also expanded linkages by
communicating with individuals that
support the role of women in aquaculture

wi t
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and fisheries in Asia, including the Gender
and Developmet (GAD) Officers at the
locatlevel (at CLSU) and at the national
level through the Bureau of Fisheries and
Aquatic Resources in the Philippines.

RCE Lead Coordinator, Dr. Charles Ngugi
(Kenyatta University in Kenya) has
continued to strengthen CRSPwetks
throughout Africa, includingvork with
the Sustainable Aquaculture Research
Network in SubSaharan Africa
(SARNISSA) and théquaculture
Network for Africa (ANAF). Dr. Ngugi
attended the ANAF annual meeting in
Jinja, Uganda, at the beginning of July
which was organized by the FAO.

Dr. Ngugi has maintained excellent
working relations with NGOs, such as
Women in the Fishing Industry
Programme (WIFIP), a ndor-profit
organization, based in Western Kenya,
working on educating women and other
vulneralbe groups in the fishing industry.

During this reporting period, Dr. Ngugi
hasinitiated contact with and visited
several feed manufacess to assist fish
farmers source quality feeds. One
manufacturg Ugachick in Uganda, is
currently supplying extrudefged to the
fish farming industry and another, Sigma
Feeds, has plans to start producing
extruded feeds at their Nairobi facility. A
third feed producer, Unga Feed Factory in
Nakuru, Kenya, was visited to encourage
diversifying into fish feeds.

In Latin America and the Caribbean
(LAC), RCE Lead Coordinatdpr.

Wilfrido ContrerasSanchez (Universidad
Juarez Autbnoma de Tabasco) continues
to support smalland mediunsize fish
farms in the region, and has also expanded
collaborations to include larger farms

The RCE Lead Coordinator is
communicating with a largscale
commercial farm, Acuagranja Dos Lagos,
Mexico, to facilitate transfer of technology
for tilapia production as well as the

TThe
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production of native fish for restocking
efforts.

0 The LAC RCE ha stengthened linkages

with non-profit organizations such as

Fundacion Vigas which is interested in the

development and commercialization of

marine species, as well as linkages with
governmental funding organizations, such

as Fundacion Produce which recently
approved two collaborative projects
between UJAT and a commercial fish
farm.

continues to
Associ at e

ME
Projecto

admi
Awar d

aquaculture and fisheries work in Mali, West
Africa. This project, funded for three years by
the USAID Mission in Mali, began 1 October
2007 and runs through 30 September 2010.

During this eporting year, the project made
great strides, including running eight short
term training courses for 122 participants,
beginning orfarm fish culture trials with six
participating farmers and riegsh culture
demonstrations with four participating
farmers, and conducting the fisver frame
survey of Lake Sélingué.

shortterm training events with 694 trainees
and supported lapterm training for 273
students from 22 countries at US and Host
Country Universities.

Dr. Hillary Egna,responded to an RFAA
(request for Associate Award Application
from USAI D/ E@pthe t o
dissemination and commercialization of
improved agricultural technologies and/or
management practiosOn 28 September
2010,the AguaFish CRSRME at OSUwas
awardeda 3year, $1.1 million Associate
Award tofi Bhance the profitability of small

9 During FY 2010, the AquaFish CRSP held 25

1 In August 2010, the AquaFi<bRSP Director,

iscal

aquaculturdarm operations in Ghana, Kenya,

and Tanzania. Thi s was
over six months of work with numerous
revisions and additional analyses, starting
from a call for fico
2010.

t he

ncept

cul

n

e

(

m
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Successes throughout all the projects can be seen in the achievements of the AquaFish CRSP researchers

and their students. The following Aquanews clippings offer a view into the people and pobjeets

CRSPduring this reporting pérd.

AQUANEWS CLIPPINGS
CORE RESEARCH PROJECTS

AUBURN UNIVERSITY

The Role of Fish Producer Organizations for Developing Commercial Fish Farmers in Uganda
(Volume 25, Number/ASummer 2010

In the words of a Ugandan fish farmer, the news iscodes of conduct or better manageigractices,

out: AHousehol ds with
good incomes through

lexdendihg aeditto memlieefarmecsgand e ar n
f ifasilitating lenowtedgesigaring. AlMod thege

Ugandans have joined fish producer organizationsactivities contribute to the development of

in hopes of improving their household food
security and incomes. Figinoducer organizations
have a crucial role to play in developing a
commercial fish farming sector, linking people to
each other and to valuable resources. In the
Ugandan aquaculture context, fish producer
organizations are stores of technical information,
experience, and relationships with fingerling
producers, feed sources, extension staff, funding
agencies, and other networks.

Uganda is well poised to increase its aquaculture
productivity and develop a thriving commercial
aquaculture sector. All of theecessary factors
(i.e., availability of quality fingerlings, formulated
feeds, quality technical information, affordable
long-term investment capital, access to land and
water resources, and a favorable governance
climate) are currently present or arérige
strengthened. Besides the factors listed, another
important element of commercial aquaculture

commercial fish farming sector.

Despite enthusiasm for fish producer organizations
in Uganda, no framework oesof guidelines

exists for creating effective fish producer
organizations. In fact, many fish producer
organizations are described as ineffective or short
lived. Emily Stutzman Jones, a Masters student in
Rural Sociology at Auburn University, under the
direction of Dr. Joseph Molnar, collaborated with
AquaFish CRSP host country investigators to
identify key elements inherent in successful fish
producer organizations.

We examined four fish producer organizations in
Uganda with the goal of understanding th
characteristics of fish farmer organizations with
productive member farmers. The host country
investigators, Gertrude Atukunda and John
Walakira, worked extensively with fish farmer
organizations through their professional roles at

development is strong fish producer organizationslJganda's National Fighies Resources Research

which is the focus of this study.

According to the aquaculture development
literature, the long list ofdneficial roles for fish

Institute (NaFIRRI). We used qualitative social
science research methods including semi
structured interviews and participant observation.

producer organizations include: influencing policy Producer organizations were selected in diverse

and regulations, providing technical services,
facilitating market access, providing extension

areas of the country: one in northern Udanone
in central Uganda, and two in western Uganda.

services, developing and encouraging adherence tach focuses on tilapia production, although one
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also raises African catfish. Two of the producer member goups are fish farmer organizations.
organizations practice lake cage culture, one on Compared to the umbrella groups with a variety of
Lake Victoria and one in western Uganda. One  activities, the producer organization that operates

producer oganization produces and sells under the fish farmefocused umbrella group is
fingerlings. One is involved exclusively in pond  the most productive. They also receive the least
culture. donor assistance ohg of the four groups. Also,

through a national fish farmer cooperative society,
These four producer organizations are similar in  the local fish producer organizations have access
some important ways. Each organization is formedo aquaculturespecific information and resources.
based on the advice of a government official and
with the goal of acessing government or NGO Although conclusions about these four case studies

funding. Most importantly, all producer cannot be extended &l fish farmer organizations
organizations operate under government organizeth Uganda, our study identifies some key
umbrella groups. characteristics of strong leaders within these

organizations in the Ugandan context. For
With all four programs, the nature and focus of theexample, strong leaders have already achieved
umbrella organization has important effects on thesuccess as fish farmers, putting them in a positi

member group. Inme case, the umbrella to serve as mentors for beginning fish farmers.
organization focuses on poverty alleviation, and Also, as successful fish farmers, they are less
operates a variety of inconggenerating projects likely to see leading a fish producer organization
for their members. Their activities include as a financial end in itself. Additionally, strong
handicraft production, roadside food vendors, andleaders value good technical training. Ironically,
fish farming. To this umbrella organizatiofish theleaders of the least productive fish farmer

farming is viewed as a project, not as a business. organizations feel that their training is sufficient,
focusing instead on their needs for financial

In another case, the umbrella organization focusesassistance. On the other hand, the leaders of the

on environmental conservation. Their projects most productive fish producer organizations stress

include beekeeping, animal husbandry, improving their needor more technical training.

stoves, environmental education, and fish farming.

Here, too, fish farming is viewed as one of many Development professionals urge fish farmers to

projects, and not as a commercial activity. These form or join organizations. Our research suggests

two fish producer organizations received the mostthat not all fish farmer organizations serve the

donor funding. With donor funding comes donor interest of developing commercial fish farmers.

requirements, which include serving the disabled, Specifically, fish farmer orgarations belonging

providingHIV/AIDS education, and caring for to umbrella organizations specializing in

orphans. While these are laudable efforts, they camquaculture are more effective at increasing

distract from the focus on developing commercial me mber fi sh far mersd produc

fish farmers. organizations with diverse activities and wide
ranging goals.

In a third case, the umbrella group is a national

fish farmersdé cooperative society, and their

Photo in Uganda courtesy ofskph Molnar
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NORTH CAROLINA STATEUNIVERSITY
Feed Reduction Strategies and Alternative Feeds Effective in Reducing the Costs of Pahdtured
Tilapia in the Philippines
(Volume 25, Number/Bpring 2010)

Feed constitutes 680% of total variableosts for ~ Ponds were fertilized weekly to provide
producing tilapia. Therefore, any strategies that supplemental plaktonic feed. Fish raised on the
prove effective in limiting the quantity of feed delayedreduced feeding protocol showed lower
used for fish growout and the cost of formulated growth rates and survivorship and overall harvest
feeds could reduce overall feed costs, improving size then fish fed daily at full prescribed levels.
the efficiency of tilapia culture and the subsegu  Approximately 55% less feed was applied to
incomes of farmers. Investigators at Central Luzoranimals on the combined delayestiuced feeding
State University (CLSU) in the Philippines and  regimen relative to those fed on a traditional full
North Carolina State University (NCSU) show thatdaily feeding schedule. Overall, they found that
feeding reduction protocols and the replacement athe combined delayed and reduced ration feeding
costly fishmeal in formulated diets are effective in method is less effective at improving the eost
decreasing overall costs in the santensive pond effectiveness of tilapia farming than whesed

culture of tilapia in the Philippines. individually.

Earlier CRSP work at CLSU showed that 1) In a second offiarm growout trial, they evaluated
delaying the onset of supplemental feeding to if a 50% reduction in daily ration level might
either 45days or 75days in fertilized ponds prove an additional option for reducing costs of

reduces the amount of feed comsd without any tilapia production, over and above that observed
negative impact on the production of marketable previously with 67% satiation feeding. euetion
tilapia, 2) feeding at a stéatiation level of 67% variables were measured in tilapia fed daily at
did not reduce measurable production of 50% subsatiation versus those on a full daily
marketable fish relative to fish fed at 100% ration. Fish on the reduced ration level had growth
satiation level, and 3) feeding only on alternate  and survival rates, and final harvest size that did
dayssaved approximately half of feed cost withoutnot differ significantly from fish fed a full dajl

a significant reduction in growth, survival, or ration over 120 days. Fish on the reduced ration
market yield of Nile tilapia in growout ponds. The also consumed 56% less feed and had 100%
first of a series of studies led by Remedios Bolivarimproved feed conversion relative to fish fed full
of CLSU and Russell Borski of NCSU, and their ration. Hence, it took substantially less feed to

students andollaborators, tested the utility of produce marketable fish when tilapia are raised on
combining delayed and reduced feeding strategieshalf the nomal feed ration. A basic cebenefit

to evaluate if production costs of tilapia for analysis indicates the net return of fish on the
farmers in the Philippines could be further reduced ration level was approximately

reduced. They examined a feeding management $1375/hectare compared with $14/hectare for
strategy that incorporated an ialtperiod of 60 tilapia on the typical full daily ration. Collectively,

days delayed feeding, followed by 30 day alternatehese results show that farmeénave the potential
day feeding, and then 67% satiation feeding. Theyto dramatically improve incomes while reducing

compared the growth and yield of fish on the nutrient loading in pond waters.
combined delayededuced feeding protocol to that
of fish fed daily at prescribed levels. Téieidy The cost of commercial fish feeds is rising sharply

lasted 126days and was done on the farms of as the market demand increases to supply the
local tilapia growers in the Central Luzon region. growing aquaculture industry and the availability
Each farm allocated two ponds, one each for the of fishmeal declines. About 20% of feed costs are
delayedreduced and the normal feeding protocol. attributable to fishmeal, which constituted 3%
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of the feed formulation. Much of the fishmeal usedfeeding scheme whereby fish were fed every other
for tilapia in the Philippines is imported, and costs day rather than daily. This reduced feeding

are expected to rise in the future as global suppliestrategy previously was shown to produce fish of
bemme constrained by increasing demands and comparable yields as those fed daily, but at half

declines in commercial bait fisheries. the feed cost. An evaluation thfe leasicost

formulated diet containing 0% fishmeal showed it
Because tilapia are omnivorous fish, which to be as effective as the standard diet containing
naturally feed on plankton, diatoms, small 6% fishmeal on the growth performance and
crustaceans, algae, higher plants and detritus, theproduction characteristics of tilapia during a 420
do not require fish in their dietnd they are an day growout in experimental ponds at CLSU. A
ideal group of species to recycle foodfnpducts  maminal budget analysis showed an 8% improved
into high quality food protein for humans. return on fish fed the cheaper diet lacking
Therefore, CLSU and NCSU investigators fishmeal. This along with the alternaday feeding
conducted a series of studies to evaluate the utilitystrategy has the potential to reduce overall feed
of other protein sources; namely, fermented costs for growing marketable size tilapia by >

mechaniclly deboned meat poultry byproduct, 60%.

yeast extract protein, and poultry-pbyoduct meal

in replacing fishmeal. They found that substitution Collectively,the series of studies discussed here

of fishmeal with these ingredients was as effectiveshow that reduced feeding strategies and

as standard diets containing fishmeal in the substitution of diets containing fishmeal with

growout of tilapia i tanks. cheaper and more sustainable sources of protein
are effective options for reducing the costs without

A critical element to subsequent investigations  negatively impacting the pradtion of tilapia.

was to formulate diets to replace fishmeal that ~ Future work at CLSU and NCSU will continue to

incorporate ingredients widely available in the harness the input and cooperation of farmers and

Philippines. To this end, studies were conducted ihocal feed manufacturers to further the

cooperation with Santeh Feeds Corporation in the development practical strategies and technologies

Philippines to evaluate the efficacy of diets that yield additional cost savings for small scale

formulated with pork byproduct meal as a farmers in the Philippines and other regions of the

replacement for fishmeal and that also included world. Complimentary outreach activities,

cassava meal, copra meal, coconut oil, rice bran, including the development of Tilapia Podcast

and local fish oils produced in the Philippines. In  modules is underway to extend cost containment

testing the dietdhey also used an alternatay strategies to the tilapia farming community.

e o

PURDUEUNIVERSITY
The Bidii Fish Farmers Association: A Success Story of Fish Farming Clusters in Kenya
(Volume 25, Numbet/ Spring 2010)

Aquaculture in Kenya is mainly comprised of training smalscale farmers by providing technical
smallscale farmers practicing extensive fish advice and information transfer.

farming in earthen ponds. To help address the

challenges of inefficiencies in production and In 2007, AquaFish CRSP partnered with the
marketing that these farmers face, the USAID Kenya BDS program to help farmers come

office in Kenya initiated g@rogram for fish together into clusters for the production of catfish
farmers in 2006 aimed at providing business fingerlings as baitfish for the Lake Victoria

development services (BDS) that would lead to  fisheries, and to assist with market inttigpn of
new aquaculture enterprises and new markets for cluster farmers with baitfish markets. The program
fish farmers. The Kenya BDS program focused onbegan with the formation of four fish farmer
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clusters located in districts around Lake Victoria The Bidii Cluster has grown to 25 fish farmger
i n Kenyads We Bidii¢ishrfarniers o includingenine women. Its wholesale price of
(Vihiga cluster), Bukhayo Self Help Group fingerlings ranges from KSh (Kenya Shilling) 3.50
(Mundika duster), Funyula North Fish farmers to KSh 5.00 per piece, depending on fingerling
(Funyula cluster), and the Tumainin Self Help size. Besides selling to baitfish dealers and
Group (Matayos cluster). farmers, the Bidii Cluster also sells to other catfish
farmersfe st ocking their ponds.
Today, the Bidii Fish farmers Cluster has become governance structure provides for three executive
a model that is motivating the formation of other officers: chair, secretary, and treasurer. The
fish farmers groups. George Ambuli, Bidii revenue sharing arrangement developed by the
Chairman, explained that the beginning was not  group requires that 80 percent of revenue be
easy. AThe group st ar t eetirnedtofthe mémbdns while @éicentds kept d u a |
fish farmers as member $ythe group forsadninistrative &hd ather me mb e r
owns their own ponds but the group coordinates promotional expenses. The group currently has
production and sells collectively. They also startedtwo bank accounts, and their future plans include
offinterestedinex hangi ng i deas deuloping aswelequippad hatechery ag well as
owning a feed mill. Feed supply is a major

With guidance from Moi University and the challenge tdhe aquaculture industry.

Ministry of Fisheries and funding from AquaFish

CRSP, the group decided on their name, The success of the Bidii Cluster has drawn

developed a constitution, and established a attention and financial support from the Women in

leadership structure. The group then registered  Fishing Industry Project (WIFIP) based along the

with the Kenya Ministry of Gender, Sports, shores of Lake Victori a, Ke

Culture, & Social Services. women fish traders to identify incomergating
activities, 0 said Jennipher

Ambul i recall ed t he gr dheproject seeksriotengage womert iroaquaduleure

baitfish business i n 2 @0Oproviding adtitenalfhousebdld intomeanéd at t e m
to culture catfish failed with 100 percent losses  supporting them during the annual fishing ban on

due to poor management skills anghoper feed.  Lake Victoria, when income is at its lowest.

This resulted in the withdrawal of three members.

However, knowing there was a need for baitfish WIFIP has solicited the help of the Bidii Cluster

by fishermen on Lake Victoria, the remaining farmers to train women in fishpond construction
seven pledged to continue learning fish and catfish breeding. According to Daniel Juma
propagation. 0 Ebole, secretary of the Bidii Cluster, the group

receives KSh3, 000 each day
AquaFish CRSP activities through Moi Univeysi  groups and other fistarming clusters.
focused on technical assistance with hamoils
experiences with catfish propagation and hatcheryThe Bidii Cluster has trained six groups since
techniques. After a series of training programs,  2008: the St. Vincent Cluster, the Todo Cluster,
fish farmers in the Bidii Cluster improved their the Visiki Cluster, and three other fish farmer
farming skills and started realizing 10 percent groups in the Kisumu and Vihiga Districts. At a
survival ofcatfish fingerlings. By early 2008, June 2009 workshop on marketing and supply
survival had improved to 25 percent. By May of chain development, AquaFish CRSP presented the
2008, the cluster had established a marketing link Bidii Cluster with an award recognizing their
with baitfish dealers and was consistently exemplary commitment to fish farming and
supplying catfish fingerlings. assistanceo other fish farming groups.
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UNI VERSITY QOHILAHAWAI 6
Safe and Healthy Seafood from SinaloMexico
(Volume 25, Number /ASpring 2010)

The University of Hawaii, Hilo led AquaFish issue is the increasing popularity of using

CRSP project has been working in Mexico for the freshwater fish for sushi and ceviche, which can
last three years to build capacity among spread the disease. As fish cué grows,
aquaculture producers, processors, and vendors tprevention becomes more critical. The Center for
improve seafood safety dag all stages of Food and Development Research (CIAD) in
production and marketing. Aquaculture productionMazatlan has produced a series of best

in the States of Sinaloa and Nayarit, Mexico, management practices manuals for shrimp,

consists largely of shrimp, tilapia, and bivalve bivalves, catfish, and tilapia. Dr. Omar Calvario
shellfish in coastal areas. Expanding bivalve and will be leading upcoming wark with an intensive
tilapia production have been prioritized the series of workshops for producers and vendors in
Mexican National and Sinaloa State governments best management practices related to seafood and
as a means of diversifying aquaculture, which is hygiene using the manuals as a part of the course
now dominated by shrimp culture. Research done content. Shellfish sanitation has been a key theme
under the former ACRSP in 2006 suggested that in the CRSP project since the begim, and

seafood safety and quality were problematic for headway has been made in raising awareness of
nearly all agaculture and seafood products at all the need for, and components of, shellfish

stages of production and marketing. Lasgale sanitation programs among a wide variety of
shrimp culture was one exception, as shrimp is  stakeholders. Again, this is important due to the
produced mainly for export and is thus subject to tradition of consuming bivalve shellfish raw and
strict safety standards and inspections. Other because of thesusceptibility to posharvest
products were mainly affest! by the general lack contamination.

of awareness of producers and vendors as to

specific techniques to maintain hygienic standardsPromotion of seafood and aquaculture products
although most people are aware of the needto  consumption is also importantthe average

handle and select seafood carefully. The cultural Mexican consumes only about 12 kilograms of
preference of coastal residents in Mexico seafood per year, with most of this consumption is
consume seafood raw, pickled, or lightly cooked by coastal resident&quaculture can help provide
highlights the importance of food safety standardssome of the protein needs in areahich still have
Most Mexicans are keenly aware of the need for food security issues, including many coastal areas.
special attention to seafood safety. For example, For example, a typical toddler would only need

an ACRSP marketing survey conducted in 2007 one ounce of fish or shellfish to meet his or her

by Drs. Foig (University of Alaska, Fisheries daily protein requiremest

Technology Industry Center) and Cordero (CIAD)

revealed that oyster consumers placed a high Sinaloa is famous for its fresh seafood dishes,
priority on knowing the origin of oysters and waterwhich are among the most exquisite examples of
quality of the growing grounds. Members of the  Mexican cuisine. Many dishes involve

CRSP team has also been legdime way in combinations of fresh or raw seafood, raw
identifying emerging risks to seafood, such as the vegetables, and delicious, edsyprepare sauces.
spread of gnathosomiasis, a welike parasite Many of the sauces alsodnde citrus juicewhich
carried by freshwater and brackish water fish increases vitamin content and helps lower fat

which causes illness and death. Drs. Silvia Paz, consumption. It is worth noting that Sinaloa is not
Marcela Vergara, and Magdalena Uribe have only a source of fish, shellfish, fruit, and
studiedthis parasite and its fish hosts, and have vegetables for Mexico, but supplies much of the
conducted outreach to affected coastal U.S. and Canada, making food safetylbf
communities which to prevent further spread. Oneproducts an international issue. The recipes

11
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presented below are quick to make and represent Mariscos Pavi ownest Roberto Villaverde and

the very best examples of fresh Mexican cooking. Thelma Payan Villaverde, who prepared the dishes
The University of Hawaii AquaFish CRSP project shown in the photographs and are sharing their
would particularly like to thank Restaurant recipes with the Aquanews CRSP readers.

e o

Bivalve Relay & Depuration in Nicaragua
(Volume 25, Number 2Zsummer 2010)

The University of Hawaii at Hilo project on bivalve the shortterm since it may require expensive

aquaculture development and shellfish sanitation iimfrastructure, such as wastewater treatment systems

Latin America builds on six years of CRSP work. or minimally adequate latrines for entire villages or
Bivalves are a heavily utilized resource throughoutowns.

the region, with some of the more marginalized

groups of the population heavily dependent upon One method to improve shellfish sanitation is by

them for income and food. Bivalve aquaculture fAr el ay and depuration, 0 whi
thrives in some areas of Latin America, but its shellfish from contaminated waters to a clegater

potential has generally not been reached. This  area for a predetermined time period. By filtering

situation, compounded by the decline of many of tiskean water, shellfish can reduce the concentration o
bivalve fisheries aththe resulting ecological and  bacterial pathogens in their tissues to safe levels.
economic impacts, leaves the sector in need of mdgsing fecal coliform bacteria as an indicator,

effective resource management and innovation. Whidsearchers are able to track bacterial concentrations

an emphasis on native species, this AquaFish CR&Pdetermine when acceptable levels are reached. A
project focuses both on the development of bivalvenor e costly ver sion ef #dir el

aquaculture and fishes management landbased depuration plants, usually consisting of
recommendations, primarily emphasizing raceways or tanks of treated water for the depuration
improvements in shellfish sanitation. process. It should be noted that depuration methods

are only effective for lowering bacterial
Bivalves such as clams, oysters and cockles are concentrations, whereas viral contamination is better
healthy foods high in protein, vitamins and mineraladdressed with sound shellfish harvesting controls
and low in fat, demonstrating their potential for  based on sanitation and shoreline surveys.
aquacultue. However, without proper sanitation
their consumption can pose health dangers if theyln Nicaragua, the primary species of concern are
are taken from contaminated waters. Most bivalveblack cockles (e.g. Anadara similis, A. tuberculosa
are filter feeders and can accumulate and concenteait@ A. grandis), which are collected from Pacific
potentially lethal impurities such as bacteria, virus&past mangroves by mostly poor women and
toxins,and heavy metals. Thus, good water qualitychildren. Anadara similis is the most heavily
is essential to producing a healthy, safe bivalve collected speciedut little information exists
product. regarding depuration rates. Water quality monitoring

from 2007 2008 showed that of three coastal
Residents of poor coastal communities who rely oestuaries where intensive cockle gathering takes
shellfish are particularly vulnerable to shellfish  place, only the Aserradores Estuary had sufficiently
borne diseases since they often lack even basic clean waters throughoute year to be considered as
sanitary accommodations. Improving shellfish a candidate site for depuration trials.
sanitation through a variety of approaches is
important locally as well as regionally and nationalue to the limited knowledge about depuration rates
since shellfish are often marketed or exported out fafr A. similis, a series of laboratory trials were
local areas. The optimal way to improve shellfish conducted. Before depuration, cockles used in these
sanitaton is to improve water quality in shellfish  trials initially had high leved of E. coli and fecal
growing areas. Often, this approach is not feasibledoliforms (>330 MPN/qg), low levels of Vibrio

12
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parahaemolyticus (<1.0x103 UFC/g) and successfully be used with cockles in the Aserradores
undetectable levels of Salmonella. Within 24 hour€stuary.
both E. coli and fecal coliform levels reduced to <20
MPN/g, within acceptable limits, indicatingat The swecess with relay and depuration in Nicaragua
field trials might also be successful. Concurrently, has helped the Central American University, the
water quality monitoring was conducted in the AquaFish CRSP partner in this work, in obtaining a
Aserradores Estuary to find locations that could major grant from the European Union to continue
function as depuration sites. Cockles were then the work. Next steps include the use of a solar
placed in one of these sites with water and tissuespowered, lanébased depuration plant to be tested
sanpled over a 7zhour period. Similar to the and operated by a local cooperative. This work can
laboratory results, E. coli and fecal coliform levels also potentially serve as a model for other Latin
reduced to <20 MPN/g in 24 hours. These trials American countries that have similar problems in
demonstrate that relay and depuration can their coastal areas where communities depend on
bivalve fisheries and agculture.

s

UNIVERSITY OF MICHIGAN
Evaluating the Effects of Invasive Species Introduced into Major Reservoirs in China and Vietham
(Volume 25, Number 2bummer 2010)

One of the main concerns with aquaculture in Asialniversity have undertaken comparative

is the release of uasive species. Potentially investigations in a major reservoir in each

devastating to native ecosystems, this is respective country to document the nature of

particularly an issue when cage culture of exotic fishing on these reservoirs, to evaluate the

fishes is done in reservoirs. These stores of waterimportanceof these nomative species in the

are created by obstructing natural river flow with fishery, and to evaluate changes in the fish

dams or other embankments. Overg, lacustrine  community as a result of these introductions.

fish populations replace the former riverine

species in these artificial lakes. Further alteration Tri An Reservoir, Vietnam

to the systems occur when noative fish species In Vietnam, tilapia were introduced into the Tri

are introduced through aquaculture practices An Reservoir as a means to improve the fish

managing for commercial fisheries. caught ly the Dong Nai Fishery Company. There
were multiple introductions into in the region

Managersn Thailand and China have stocked during the period between 1951 and 1997 for

many noRrnative species in an attempt to improve culture in ponds, cages, and rice fields.

fishing in reservairs, although there has been little Populations were established in Tri An Reservoir

effort to monitor the impacts of these and became an important commercisihf While
introductions. AquaFish CRSP researchers in there has been no stocking of tilapia in the
China and Vietnam, under The Univigyof reservoir since 2000, their populations remain
Michigan project, have taken on the task of abundant indicating successful natural
documenting the influence of aquaculture on reproduction. Over the past ten years, there has

native species. Recording these influences is madbeen largescale stocking of other herbivorous fish
difficult, however, by the many changes occurring such as silvecarp, bighead carp, and common

simultaneously in these aquatic ecosystems. carp. The intentional introduction of these non
native cultured fish has contributed to changes in
Recently, Aquaish CRSP research teams at the biodiversity of the reservoir.

Huazhong Agricultural University and Nong Lam
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As a result of fish stocking and other changes, = molitrix), bighead carpHypophthalmichthys
there has been a significant increase in eptrh nobilis), and three different species of culter
unit effort of all species combined over the last 15 (Culter spp) (Figure 2). Even after extensive
years. These data indicate increasing harvest andsampling efforts for this study, only 55 grams of
potentially increasing fish production since 1993. icefish were taken during our collections.

While tilapia were a large component of the fish
collected for this study, they have not been an 30¢
important component of the fishery harvest. The
fish catch by the top five fishing gears took
81.7% of the total catch in the reservoir (about
3,124 tons per yegrbut did not take many
tilapia. This is in spite of the fact that tilapia
represented the second most abundant species ©
taken by experimental seines in 2008. This
suggests that better gear could be used for
harvesting tilapia more effectively considering
tilapia are the more valuable fish species in this
reservoir.

1993994991994 99200200200200200200200200200¢

Original data showed that there were 109 fish figure 1. Annual yield (t) of &@ihu icefish
species in Tri An Reservoir, but the efforts of the (Neosalanx taihuensisn Zhanghe Reservoir,
research team and that of the commercial fishery China, 19952008.

collected only twenty and forty different spes,
respectively, in 2008. It is unclear whether

biodiversity has decreased within the reservoir, or 14
if these additional species are more difficult to

collect and not important in the commercial 12¢
fishery. What is clear is that the overall catch per _

unit efort has increased over recent years, in spite 2 10C
of increasing fishing effort, which is an indication
of improvements in the fish community. There is
little evidence that tilapia have damaged other fish
populations within this region.

Annual yiel
nCulggrs
o

Zhanghe Reservoir, Qiina 20
A very different story emerges from Zhanghe

Reservoir in China. Once again, there has been a 0
long history of introducing fish species into the
area, both through aquaculture and intentional
stocking. In 1992, the Taihu icefisN¢osalanx
taihuensi¥ was introduced into Zhanghe
Reservoir. This was done because the fish were
declining in abundance in natural water bodies an
was an important fish for harvest. Researchers
from Huazhong Agricultural University set out to
evaluate the current status and tistorical trends
in the icefish in Zhanghe Reservoir. The Taihu
icefish was abundant in early years, but has not
been recorded as caught since 2006 (Figure 1).
The most common fish taken in Zhanghe
Reservoir were silver carpiypophthalmichthys

200020012002200320042005200€2007200¢
Figure 2. Annual yield (t) culters in Zhanghe
Reservoir, China 2002008.

he overall impacts appear to be a series of top

own changes, driven by predation in the
reservoir. The various culters consumed a variety
of fish, particularly Taihu icefish, wbh was the
most important prey item by mass (34.4%) and by
number (39.5%). Originally, the culters were held
in control by the yellowcheelg{opichthys
bambus® another larger carnivorous fish that was
also of value to the commercial fishery. As the
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yellowcheek declined in abundance, the yield of

culters increased. For these cases, both biotic interactions and human
perturbations have influenced the fish

Thus, changes in Zhanghe Reservoir appear to becommunities of these unnatural reservoir systems

related more to trophic interactions between within eachcountry. Since there is concern about

species within the reservoir than to stocking and biodiversity preservation, we have held a series of

commercial fishing. Over fishing on yellowcheek workshops to extend information on the trends and

resulted in a decline in their population, an conditions of each reservoir to local fisheries.

increase in topmouth culters (their prey fish), and AquaFish CRSP has developed appropriate

a decline in the icefish (prey to the culters). This techniques for evaluatindhanges in fish

trophic cascade appears to be mediated by community structure and relating it to human

commercial fishing and has been the major cause perturbations of the ecosystem. Building the

of changes witim the reservoir. Once again, in this capacity of research for fielbased evaluations of

case, the Taihu icefish was an important natural fish communities has been an important
commercial fish, and stocking was the main meansomponent of the CRSP and has had strong

of introduction, although the population influenceson commercial fishing and on fishery
maintained itself by natural reproduction after regulations within Vietnam and China. This
stocking in 1992. However, the harvésis research capacity will be important to each

declined dramatically as a result of other predatorycountry as well.
interactions among species in the reservoir.

s

AQUANEWS CLIPPING
MALI ASSOCIATE AWARD

Rice-Fish Culture in Mali
(Volume 25, Numbefl/Spring 2010)

Ricefish culture, which can be traced as far back In June 2009, the process of converting two rice
as 2,000 years ago in China, is still practiced todayields in the Baguineda irrigation area for ridesh

throughout Asia. The rieBsh system is an culture began with the modification of the fields to
integration of fish culture and padthased rice provide a sump and access channels for the fish.
production, often (but not always) in irrigated After a fiveemonth culture period, the farmers
areasEach system is a modification of an existing harvested both rice and fish by November 2009. A
rice field to accommodate the additional combination of tilpia and Clarias catfish provided

requirements of a crop of fish. Due to the potentiala total of over 140 kg of fish between the two

of rice-fish culture to provide new opportunities to sites. Net profits of the riefish systems summed
farmers and improve local diets, the AquaFish to CFA 150,210. Rice alone produced CFA 73,760
CRSP Mali projetis transferring ricdish and fish produced CFA 76,450. Budget analyses
techniques from China to selected areas in Mali, show that using the whole areaedy for rice
including the Baguineda irrigation scheme near theroduction would have resulted in a net CFA
capital city of Bamako. The addition of fish to the 89,490, demonstrating that the addition of fish to

rice fields not only provides a hew source of the field produced CFA 60,720 extra income for
income and nutrition for farme and their the farmers. The experience of these two farmers
communities, but it can also benefit rice generated interest among other farmers in the
production through the reduction of weeds, Baguneda area; some are already modifying their
improved insect control, loosening of the soil, and systems so they can add fish during the next rice
direct fertilization from fish excreta. production cycle.
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AQUANEWS CLIPPINGS
AQUAFISH CRSPGRADUATE STUDENTS

Borlaug Leap FellowsAttend World Food Prize 2010
(Volume 25, Number 2Z6ummer2010: Goingson in the Pongd

Two AquaFish CRSP graduate students, having accomplished in the future. Nhuok@n Tran
received the Borlaug LEAP Fellowship, will (Vietnam) and Rafael Martine@arcia (Mexico)
participate in the World Food Prize 2010 this fall. were rewarded LEAP Fellowships for

The Prize acknowledges improvements in global demonstrating strong promise as leaders in
food security drawing on what can be agriculture related fields.

.

SOU-CRSP Yang Yi Young Scientist Travel Fund
(Volume 25, Numbet/Spring 2010)

The Yang Yi Travel Award was established this institutions to preserheir research at the World
year in memory of Dr. Yang Yi (1963009) with Aquaculture Society conferences. Zexia Gao from
the SOUCRSP Yang Yi Young Scientist Travel = Huazong Agricultural University was awarded the
Fund. The award is expected to support excellent first award.

young scientists from one of the Asian partner

. o

ZEXIA GAO
(Volume 25, Numbet/Spring 2010)

The first winner of the SOACRSP Yang Yi determination of monosex neapopulations of
Young Scietist Travel Fund Award, Zexia Gao  bluegill. Working under her two major professors,
had the opportunity to travel from China to the US Weiman Wang from HAU and HalRing Wang

to attend the AquaFish CRSP Annual Meeting androm OhSU, Zexia hopes to complete her degree
Aquaculture 2010 conference in San Diego, in September 2011.

California this March. At the conference, Zexia

presented at the Finfish Geneti#®sssion on her Exposed to aquaculture at an early age, Zexia

research with yellow cheek carp and had the grew up in Sichuan, China where hethfer was a

chance to interact with aquaculture researchers fish farmer. As fish became a central part of her

from around the world. life, Zexia developed a love for seafood and a
fascination with biology, ecology, and fish

Zexia is currently a PhD candidate in a joint behavior. Her interest in the natural world led her

education program with Huazhong Agricultural t o HAU®&s notable Life Scien
University (HAU) and the Ohio Sta University where she&eompleted her undergraduate degree in

(OhsSU) . Her dissertat i aquacultirddmlunnei.s on s eXx

determination mechanism and setated DNA

markers in bluegill sunfish (Lepomis Zexia has been involved in AquaFish CRSP work
macrochirus), o wil/l p o in€hirta ovarlthie kast tivaryearso HeefirstatCREP
understanding of the underlying basis for sex i nvestigation experience, i
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effectiveness of current waste management project is studying the impacts of the rapid

practices or intensive freshwater aquaculture in  invasion of red swamp crayfish (Procambarus

Chinao ended in 2009. \arki)hn Chimashtoegltimagasangte population a s

one of the major issues under the AquaFish CRSRyenetic structure.

topic area, fAMitigating Negative Environment al

|l mpactso, this projectWptoadubedriapidr ggaowoh alboCh

proper stocking densitiend suitable waste industry in recent years, Zexia recognizes the need

mitigation techniques. It also included a social for the development of cleaner and more efficient

aspect in which a series of interviews and practices. While China contributes a high

guestionnaires revealed that Chinese tilapia and percentage of the global fish supply, the

carp farmers appear to realize the importance of aquaculture industry fasex multitude of

water quality and environmental impacts. Zexia challenges. Zexia is encouraged by new

sees this awareness as an indication of a positive developments in Chinese legislation regarding

step toward the development of a more sustainable/ater quality, and hopes that the Chinese

aquaculture industry in China. aquaculture industry can someday produce a more
sustainable seafood product.

Zexia has been involved with two of the more

recent AquaFish CRSP projects in China. In her two years working with AgFish CRSP,

Continuing with the theme of mitigaiy negative  Zexia values the international connections that she

environmental impacts in the waste management has made. Her experience working with

project, she is now working on an investigation  researchers from around the world has provided

that is comparing water quality parameters during her the opportunity to learn about the different

the growout phase of traditional and improved aquaculture issues in other countries. This

cages in order to estimate a carrying capacity for exposure to dierse research questions has been

commercial aquaculture cages in deep water lakesher most enjoyable experience with AquaFish

in China. Another investigation is more related to CRSP. Once she finishes her PhD, Zexia hopes to

Zexi aods own PhD wor k i wcontinuehdr cage@smae dquacuture resdarcher.

.

GIFTY ANANE -TAABEAH
(Volume 25, Number Summer 2010)

Gifty AnaneTaabeah has been working with of Cage Aquaculture in Ghan

AquaFish CRSP at Virginia Polytechnic Institute AquaFish CRSP Project with Purdue University,

and State University (Virginia Tech) since2009 Al mpr ovi ng Competitiveness

under the guidance of her major professor, Dr.  Aquaculture Through Capacity Building,

Emmanuel Frimpong. In 2008, Gifty received her Improved Technology, and Management of

Bachelor of Science degreeNatural Resource Supply Chain and &Rutduer al Re

Management from Kwame Nkrumah University of Project has established lestanding partnerships

Science and Technology (KNUST) in Kumasi, in Ghana, providing Gifty with a history of

Ghana southeast of her hometown of Berekum in AquaFish CRSP research there and a

the Brong Ahafo Region. At Virginia Tech, she is comprehensive baseline for her work.

currently working to complete her Masters of

Science degre in Fisheries Science with the hopesGifty will analyze data from the Ghanaian

of gaining the experience and knowledge community through interviews and cai®nnaires

necessary to one day influence the management about the constraints and opportunities of adopting

fisheries and aquatic resources in Ghana. cage aquaculture. Once the data are compiled and
evaluated, Gifty and the research team hopes to

Giftyds research, i Ha r previdesrecongmer@atipns fortan agiiatultuees a n d

Overcoming Constraints to Widespreadoption policy review in Ghana.
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[research] should help speed up the adoption rate
Gifty first realized themportance of aquaculture  of cage aquaculture in Ghana and ultimately
during her undergraduate work at KNUST and hasincrease the fish production flmcal

since made aquaculture a part of her life. In consumption"”.

Ghana, she has seen the industry grow over the

past decade. "However", she says, "the Through her work at Virginia Tech and with

contribution of aquaculture to total fish production AquaFish CRSP, Gifty plans to gain a

in Ghana [remains] insignificant". comprehensive understanding of the theoretical
and practical aspects of fisheries science to

Gifty identifies several obstacles preventing support her longerm goal of a career in fisheries

aquaculture from continuing to progress, includingand aquaalture research. "I enjoy working with
the lack of inexpensive locally manufactured feedsdifferent people both in workshops and field

and lack of quality seed. She hopes her graduate work", Gifty says about her work with the CRSP.
research at Virginidech will "provide a platform "l hope to combine my research with training

to influence decisions in management and fisheriesther students in my research area".

of aguatic resources in Ghana". She adds, "This

18



AquaFish CRSP 2010 Annual Report

'."‘;,- V. RESEARCH & TECHN OLOGY TRANSFER
ACCOMPLISHMENTS

During FY201Q AquaFish CRSP researchégs/e continued to malevances imlevelopment and
transfer of new technologies and practicesrtorove the lives of the rural paofhe CRSP vork has

also led to significant achievemsiin marketing and tradequaticproduct development, and policy
assessmenteglating to natural resoursenanagement and expanision of domestic and export markets
The following highlightsbriefly summarizellustrative accomplishments in investigatidnsm the
Implementation Plans 2002009and2009 2011

ToPIC AREAS: INTEGRATED PRODUCTION SYSTEMS

Production System Design & Best Management Alternatives (BMA)
On-farm polyculture trials in Nepal witthe indigenous fiseahar Tor putitorg) and Niletilapia
(Oreochromis niloticusshowed that sahar to tilapia stocking ratios betweeri 1:38 optimize
tilapia growth Participating farmers (13 women; 3 men) in thefamm trials joined researchers and
fisheries personnel in a followp December 2009dmingonthe adoption of this new technology.
Sahar, a popular food and game fish for Bangladesh, India, Nepal, and Pakistan, is under threat from
overfishing and habitat losAs a predatory fisin polyculture with tilapiasahar offers the advantage
of controlling tilapia recruitment in aquaculture pon@sus, polyculture with sahar can offer a better
economical choiceor smaltscale, resourcpoor Nepalesdarmers who are currently using a
relatively low production, mixegex tilapia monoculture sysn Culturing sahamayalsohelp
decrease fishing pressums wild stocksAs anext step irthis work, researars are now testing a
seni-intersive polycuture system with cas (common, silver,ighead, grass, rohu, naini/mrigal, and
Bhakur/Catla), tilapia, and sahar. In addition tefamm trials, this investigation will assess nutrient
recovery, conduct a cebenefit analysis, and evaluate performance at the Sanatl level.
07BMA02UM/09BMAO3UM

In Uganda, dilapia cageculture trial on Lake Victoria fopromotingsmallscale fish farnmg is

designed as a working enterprise model that will recruit other fatméngs new technology

Members of the Jinja United Group Initiative for Povertjeddation & Economic Development
(JUGIPAED) are participating in the proje€urrently, the livelihood of fishers is threatened due to
reduced fish catches caused by overfishing and depleted fish stocks in thetakdéishers and

farmers who adopt &tage culturéechnology will have an alternative income opportunity.

Another element of this investigation has examined what leads to the success or failure of producer
organizations. In case studieSfour praducer organizations, CRSP researchers haved thafish

farmer groups belonging to umbrella organizations specializing in aquaculture are more effective at
increasing their production than those operating with diverse activities andamigi@g goals. With

respect to donors, the investigatorstea concl uded t hat producer groups
shortterm project goals. Over time, this phenomenon can inhibit development of a viable-market
driven aguaculture sector. CRSP investigators recommend that leaders of fish farmer groups demand
refarms in the financial incentive structure of government and donor institutions to better serve all of
their common interests for improved opportunities in the aquaculture sed09BMA01AU

{1 InUganda, over 150 participants attendee¥® Annual FishFarmers Symposium & Trade Fairi

Dealing with the Challenges of Building an Aquaculture Induistifield in January 2010 he event
was organized in partnership with the Walimi Fish Farmers Cooperative Sdaeigs included
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challenges associated with) accessing inputs, return on investment] quality of service delivery;
(2) markets, marketing, and market informatiand (3) current support services and their
accessibility for the aquaculture private sectoi09BMAO2AU

1 Inwork on ponebased ecirculating systems for shrimpifopeneaus vannameiCRSP researchers
are evaluating water quality parameters, filtering mechanisms for improving water quality, and the
overall production performance between recirculating and closeeeaonulating firimp culture
ponds.Findings to date indicate that overly high stocking densities in ponds without water exchange
may be the cause of poor water quality conditiorisuch as lower pH and higher chemical oxygen
demand ithat can negatively affect appetind thereby jeopardize shrimp grovithi09BMA04UM

1 Under eutrophic conditioris aquaculture pondslooms ofthe toxin-producing cyanobacteria
Microcystis aeruginosaan develop. Buildup of this bltgreen algaelegraéswater qualityand
causes harraf levels ofmicrocystintoxin to develop. The toxin is a secondary metabolite that can be
lethal to aquatic animals. When the toxin accumulates in fish and shellfish tissue, it also affects its the
food quality andsafetyfor human consumption. Previou®RSP work identified chitosan clay as a
costeffective and environmentally benign control measure to rertie@vbluegreen algae from
ponds Current work focuses on controlling microcystins in indoor recirculating culture systems for
shrimp. Theed swamp @yfish (Procambarus clark)iis being used as a test species in experiments
to identify the lethal mechanisms of the microcystin toxin. Recent work has established that the toxin
lowers survival rate of juvenile crayfish and adversely affects the disaasamity of adult crayfish,
leading to poor groveut in culture systems. 107HHI01UM/9BMAO5UM

Sustainable Feed Technology (SFT)

1 Athreeday fABasi cs of Aheldia August20ltbegan awAqualkishtCR$P
projectto helpan indigenous Amerindian populatibwing in an isolated area of rural Guyatta
develop smalbkcale aquaculturdrainees were introduced topics dealing witta range of basic
production topics for thiocal native fish specigzacu and hassgrond camstruction and
maintenancsfish production techniquesapture and feeding of broodstocks, preparation of local
ingredients for fisHeed andformulation and manufacture tded Harvest, processinand
marketing offarmed fish to nearbgiomestic, andwen intenaional, marketswere also covered
The40 fishers and farmers, among them 13 woméro attended the workshop included
representatives fromurrounding villages. As CRSP trainedmytwill serve as trainers for their
villages.i 109SFTBUA

1 For smaliscale, rural tilapia farmers in the Philippines, feed is the most costly component,
representing 6@0% of the total production cost. Reducing this cost requires either application of
less feed or use of lower cost feeBsilding on the finding®f theearlierreduced feeding
experiments, CRSP researchers have now established that farmers can reduce production costs if
they switch from &00% daily feeding schedule to onetbé following regimes67% subsatiation,

50% subsatiatigror 100% altenateday feedingi 107SFT02NCI9SFT04NC

Indigenous Species Development (IND)

1 As part of an integrated effort to better manage the Lower Mekong Basin fishery for both snakehead
and smalivalue fish, CRSP researchers have successfully developed feedafitwnsithat reduce
fishmeal content (07SFTO1UC/09SFTO1UC). These feeds are cureinly tested ion-farm trials.

This effort addresses the competing interests forvalue fish,andcomprises 59 smalsized fish
species used as a significant food seury the rural poor of Cambodia and Vietndime lowvalue

fish also suit the fishmeal needs of the growing aquaculture industry for farmed snakehead, a high
value native fish that is in decline in the Mekong River due to overfishing and broodstocle captur
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Taking a sustainable approach through aquaculture, CRSP researchers are developing a snakehead
hatchery at the Freshwater Aquaculture Research & Development Center in Cambodia to provide a
domesticated seed source. Spawning experiments and pellebferdiation trials for larvae are
underway. A companion study in Vietnam is investigating parasitic, fungal, and bacterial diseases of
shakehead, which will need to be addressed in aquaculture conditi@$ND0O2UC

1 Chame Dormitator latifrong, a fish low on the trophic chain, is a poputaed fish for poor
communities throughout the Latin American region. Its use as a source for fishmeal and the
dependence on widaught juveniles for aquaculture are depleting native supplies. CRSP researche
are working on developing techniques for controlled reproduction in captixiigh will open
sources for domesticated broodstock. In recent experimental work, a breakthrough has been reached
with the first successful spawning and rearing of chames 8¢écomplishment is a significant step
towards fully domesticating the speciesi09INDO3UH

9 The native cichlid breeding program in Mexico continues the successes of work under the
Implementation Plan 2002009with the spawning of fand F stocks of teguayacaPetenia
splendida and castarricadichlasoma urophthalmlisResearchers are currently designing a
pedigreed breeding program to better guide the selective breeding processes. A major producer has
expressed a preliminary interest in laggale conmercial production, which promises the successful
entry of these species into local aquacultur®7INDO2UAO9INDOSUA

1 In earlier work,CRSP researchers have been successful in inducing spawning in native species of
common snook and fat snook. Howeveryéval of the young fisthasprovedto bea major hurdle
due to the need f@customized diet thahimcswhatis availablan the wild. Researchers have
overcome thiswrdle with the development of a mix of natural feeds and formulated diets that the
larvae and fry can successfully consuimesurviveinto the next growth stages. Work will now focus
on obtaining broodstock from both witthught and hatchemgared snoojuveniles from which to
develop domesticated lines for aquacultiiré09INDO1UA/9INDOSUA

1 In developing appropriate technical guidelines for seed production and pond culture of native fish in
Ghana, CRSP researchers are taking awis@ approach. The ultimate goal is to establish the
groundwork that will inform decisiemaking and policy reled to mass productiasf farmed fish
and market development. As an initial step in this procesgy-gdayworkshopin advanced
experimental desigrdata management, aadalysisvasheld n Jul y 2010 for master
students, project staff, angtieries officers of the Ghanaian Ministry of Agriculture Fisheries
Directorate. This training has helped to expand their research capacity in experimental aquaculture,
which will be essential to their contributions dealing with indigenous species dewsbpnGhana.
T T09INDO6PU
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TELLING THE AQUAFISH STORY
Press Release by Tiffany Woo@regon State University

Hooking up snooks

Researchers are trying to bolster stocks of the
lucrative snook, but getting the fish to 'do it'
and then getting theikids to eat is no easy
catch.

JALAPITA, MexicoT The facility is part

fertility clinic, part singles bar. It's tucked away
on the beach in the sleepy village of Jalapita on
Mexico's gulf coast amid coconut trees that
stretch for miles. Under a blue slggyimming
pools bubble like hot tubs as palm fronds rustle
in the warm breeze and tropical birds chatter. In
one pool, four glistening, slender bodies eye
each other across the water, their libidos
artificially primed to put them in the mood.

This is whee snooks come to hook up.

The fish are part of an experiment that aims to
boost their population. Scientists at the
Autonomous Juarez University of Tabasgo
Mexicoare trying to use these wild fisls a
broodstock to crank out juveniles in captivity.
The university aims to sell young snooks to
fishermenturnedfish farmers as a way to

relieve fishing pressure on wild stocks. It also
hopes to sell them to the government to release
into coastal lagoons and rivers.

"We need to increase the population ia thild.
They're overfished. There has also been a lot of
habitat degradation from cutting down
mangroves and from oil refineries and wells,"
says Kevin Fitzsimmons, a professor at the
University of Arizona and former president of
the World Aquaculture Soety.

He's one of the participants in the snook project,
which also involve§ exas Tech University. The
work is partiallyfunded bythe U.S. Agency for
International Development through its AquaFish
Collaborative Research Support Prograrhich

is headqueered at Oregon State University.

This funnynamed fish, known a®baloin
Spanish, is the most expensive fish sold in
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Mexico City, according to the country's National
Commission on Aguaculture and Fishing.
Fishermen in Mexico earned more than $25
million for landing about 8,000 metric tons of
snooks in 2008, making it the country's eighth
most important aquatic product in terms of
value, the commission reported.

Various species of snooks inhabit coastal waters,
estuaries and lagoons from Florida t@#t. A
widespread one is the aptly named common
snook, a silvery, streamlined, snouted carnivore
with a dark lateral pinstripe and a bulldoggish
underbite. These acrobatic fighters, which can
reach 4 feet and 50 pounds, are highly prized by
sport anglersiFishermen in Florida and Texas
used to catch snooks until those states banned
commercial captures in 1957 and 1987,
respectively, to protect the population.

"In Texas there's anecdotal evidence that they're
making a comeback. Sport fishermen are finding
them more often and in places where they didn't
find them before," sayReynaldo Patinahe

leader of théTexas Cooperative Fish and

Wildlife Researb Unitat Texas Tech University
and one of the researchers involved in the
project.

Efforts to influence what snooks do when no one
is looking is complicated by their sexual
plasticity. They're protandric hermaphrodites,
meaning they can change from males into
females. So far, researchers have had some
success in getting them to breedaptivity, but
getting their kids to eat has been a real head
scratcher.

"It's a challenge," says Wilfrido Contreras
Sanchez, the lead investigator and the director of
biological sciences at the university in Tabasco
that's conducting the research. "Mutich is

known about snooks. There are still many
questions."

To help answer those questions, he began

Continued on page 23
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Continued from page 22

contracting fishermen in Jalapita in 2006 to
catch two species of snooks: fat and common.

Researchers later injected some and implanted
others with different doses of a hormone to
induce spawning. They wanted to know which
treatment and which dosage produced the most
mature eggs and resulted in the highest rates of
fertilization, hatching anthrval survival. None

of the injected fish released its eggs, and only
some of the fish with the implanted hormonal
pellets did.

Maria de Jass Contreras Gaia, a graduate
student hiping conduct the researchiispects

that stress, which can adversefieat
reproduction, may be to blame. Human contact
may have frazzled the fish because researchers
injected the hormone into each of them on three
different occasions, she says. They handled the
fish with implants only once.

On one occasiorGontreras Garawanted to

know how much time would pass between
implantation and spawning so she and a
colleague chaperoned three fish for 24 hours.
They slept in a hammock and sofa bed in a
makeshift house on the beach and set an alarm to
sound every hour so they cdulternate shifts.

With flashlight in hand, she'd groggily lumber to
the holding tank and scan the water for eggs. No
luck.

Others did though. Almost all of the eggs
hatched. But the tiny fish, still in their larval
stage, lived for just eight days anéns only
about as long as the thickness of three stacked
dimes. Autopsies revealed empty bellies. The
food they were given, although microscopic,
was too big for their small mouths, Contreras
Sanchez says.

He thinks they might survive if fed the sametdie
that recently hatched wild snooks around
Jalapita feast on. He plans to hire local
fishermen to collect microscopic animal and
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plant plankton as well as snook larvae from
nearby spawning grounds. Researchers will
dissect their wee stomachs to see ifghab
inside is the same as the collected plankton.
They then hope to customize a recipe for a
locavore diet that they can duplicate in mass
quantities in the lab.

They'll also inspect snooks' stomachs, intestines
and pancreases to identify enzymes thit he
digest their food. Certain enzymes break down
certain substances, so if they can indentify the
enzymes, they'll know what to feed the fish,
Contreras Sanchez said. Additionally, they're
continuing to refine their work with hormonal
injections and implats to see if they get better
results. And they've added a third species to
their research, the Mexican snook.

About a mile up the road from the research
facility, fisherman Ramon Dominguez Sanchez
is eager for results. He's eating a mango from a
tree in lis dirt yard as two women scrub clothes
by hand. A few feet away, one of his sons sits
under the hood of a truck and replaces the fuel
filter. It smells of gas.

The broaeshouldered, thickecked, flipflop-
wearing Dominguez is the president of a fishing
cooperative in Jalapita that would like to buy
young snooks from the university, rear them and
sell them. The sooner the-op can do this the
better because harvests, at least for him, are
declining, says Dominguez, 54, who has been
hauling in nets for @ years. During the previous
week he pulled in about $10 worth of fish but
there wasn't a snook in the bunch, he says. So
Dominguez wants to see the research succeed.

Perhaps it's this pressure to perform that's
causing some of the snooks nottmperate.

Back at the beachside research station, the two
couples that were checking each other out in the
pool have lost interest. Apparently, they're just
not that into each other. Researchers vow to
keep trying though. Sometimes love just needs
time.
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Quality Seedstock Development (QSD)
In the Philippines, demantbr tilapia seeds expected to triple in the coming yeatsirrently, seed
prodictionis estimated to be over 1.2 billion annuallyo meet the growing demand for quality
tilapia sed, production improvements are essential. Preliminary work has focused on the relationship
between broodstock age and seed production in the GIFT strain of Nile tilapia, which is the major
strain farmed in the Philippines. Recent results show that braddstoging in age from eight
months to two years can be used for tilapia seed production with no significant loss in final growout
yield. For tilapia farmers this worromisegechnology improvements that will guarantee them
improvedseedquality at affodable pricesl 109QSD01NC

CRSP investigators hagelibstantially contributed t® new aquaculture industry in Kenya that has

opened income opportunities for farmers and fish traders while offering a sustainable solution to a
threatened native fishery on Lake Victoria. The farmers are now successfully jaiginie catfish

sellingthem to local traders who in turn sell thenfishersas bait for catchingylile perch These

farmed catfish finger | i nngtive catfistevhdseepopulationg aldeing pr ot e c
depleted byheNile perch fishers whbave been collertg juvenile catfisHor baitfish. There are
nowsixwelle st abl i shed farmed baitfish traders on Lak
enterprise model by local farmers is also continukgostproduction training held in November

2010 updated baitgh farmers, traders, and fisheries officers on techniques for prepamaikating

plan and finance managemeintio7QSD02PU

In August 2010, CRSP investigators led an interactive rdalfiworkshop at Universidad Juérez

Autonoma de Tabasco on the basi€an Integrated Aquaculture Agriculture System (aquaponics)

for researchers and service personnel. The workshop included a field trip to the isolated village of

Guerrero located in the mountains of southern Tabasco, where attendees teamed up widldtme Lac

Vill age Far mer6s Cooperative to work on the CRSF
recently been started there. CRSP investigators advised farmers on water and nutrient delivery,

drainage, sun angles, shade problems and harvest plans.nil seaxshop held in September for

farmers, hatchery managers, and university personnel focused on hatchery management and use of
bioflocs for shrimp and fish hatcheriési09QSD02AU

| [
wr
ToPIC AREAS: PEOPLE, LIVELIHOODS , & ECOSYSTEM INTERRELATIONSHIPS

Human Health Impacts of Aquaculture (HHI)
A synthesis report on thedek cockle Anadaraspp.)co-management and bivalve sanitation work
prepared by AquaFish CRSP investigators has been submitted to Nicaraguan government agencies
and research partners. The Ministry of the Environment is currently reviewing the recommendation
for a communitybased n-take zone alternative to the current closed season regulation, which has
proven ineffective. In March 2010, CRSP held two workshops for cockle collectors from the
Aserradores Estuary region, who are mostly women. These trainings provide these ruralwtbmen
essential skills for safe collecting and developing incgeeerating opportunities. One workshop
dealt with food safety and quality and the other with requirements for commercialization and export
of cocklesi T07HHIOSUHO9HHIO1UH

Food Safety & Vdue-Added Product Development (FSV)
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9 The rural poor of Cambodia and Vietnam process swuadlle fish into prahoc, a fermented fish paste
that forms a major portion of their diets aa#éteysource of protein. Following traditional
fermentation practicesyomen take freslsaught fish and process it into fish paste. Prahoc is used in
the home and provides a source of income when sold in local and regional markets. Quality varies
and the short shelf life poses health and safety concerns. To address tlessaridsalso provide
women processors with better income opportunities, CRSP researchers are conducting workshops and
meetings to teach best practicesftard improved quality andood safety as well as valuedded
product development. Safety guidelineackaging, and labeling standards for prahoc have also been
finalized. I n Cambodi abds Belpedr Ranaipz ®r okhée nWe me CRE
Fermented Fish Paste Association, a significant first step towards furthering the economic interests of
womenprocessors. 107FSVO1UCDIFSV0O1UC

Technology Adoption& Policy Development (TAP)
1 AquaFish CRSP researchers have develdipedEnglishlanguage pdcasts on tilapia aquacultuia
download fromwebsites hosted by tl&l. SU (Central Luzon State Universitgbmputer center
North Carolina State UniversitandAquaFish CRSRt Oregon State Universityhe four most
recent podcasescribeeedingtechnologieghat will reduce fishmeal usage and lower feed costs for
Filipino farmers. Two of these have been translated into Tagalog, the primary Filipino lahgiuage
alternate day feeding strategy and daily feed ration. These podcastseasly obtaiableoutreach
tool with up-to-dateinformation on tilapia production technicgthathaveimproved farmeisincome
i 107TAPO2NGO09TAPO2NC

1 CRSP investigators are coordinating the participation of 30 Cambodian snakehead farmers selected
for afeed technology adoption pilot to test the pelleted feed formulation developed in theahistai
feed technology investigatief07SFTO1U@9SFT01UC) Participating farmersttended an
orientationworkshop in June 2010 where they were introduced to the new feed technology and
recordkeeping methods for the study. Farmers are required to kbepedards on feed amounts and
fish mortality and monthly records on fish growth rate and size. CRSP graduate students and
technicians will assist farmers in data collection and recordkeeping. With the initial startup phase
completed, farmers are set tegin the pilot study which wilprovide them with a beneficial
experience in good production practieesl give researchers the opportunity to test the new feed
formulationonfarms i 109TAPO3UC

Marketing, Economic Risk Assessment &rade (MER)

1 AquaFish CRSP researchers have completed one phase of their evaluation of supply chain
opportunities for tilapia farmers in the Philippines. To respond to current constraints on market
expansion, they have recommended the following improvement measjrestaldlish government
certification of feed quality and standardized fish weights; (2) focus on production of a larger
standardized fish size for urban marketing outlets; (3) develop private hatcheries; (4) address
production inefficiencies related to ffignortality due to extreme water temperatures and down times
of 1i 2 monthsi 107MER04NCDOMERO3NC

Watershed& Integrated Coastal Zone Management (WIZ)

1 A baseline studpf the pond aquacultuenvironmental interaction in the Ashanti and Brong Ahafo
regions of Ghana is the first of its kind for the humid forest zone ofSalmran Africa. It will serve
as an important reference for policy makers and regulators involved with the development of
sustainable aquaculture in the region. Findings show that tameaculture activities are not
adversely affecting receiving stream water quality or the fish and macroinvertebrate biota. While a
majority of the fish farms already have some environmentally friendly management practices in
place, a CRSP training held November 2009 introduced farmers to the concept of Best
Management Practices (BMPs). The training concentrated on proper effluent control to maintain
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healthy rivers and other receiving waters and management practices for feeding, nutrients, and
biodiversty. With this information, farmers have improved capacity for adhering to sustainable
practices that will protect their local water system$7wIZ01PU

1 In UgandaCRSP researchers are developing an integrated suite of software approaches for modeling
surface catchment sustainabiliyhis set of decision tools will aid local researchers and extensionists
in their efforts to assess water availability for aquaculture and other competing uses as well as locate
impoundments to protect wetlands and pronattersity. The integral capacity building compan
of this work is underway. Auly 2010 training for university and extension personnel on hydrology
and aquaculture pond siting and construction issues is an important step in the development of a
watershe and basin assessment center at Makerere University. In bringing these personnel together
under the training umbrella, CRSP investigators also are helping to build the networking structure
essential for ensuring a cooperative approach for community sugipty management and natural
resource conservation.i09wIz02AU

Mitigating Negative Environmental Impacts (MNE)

1 AquaFish CRSP has initiated a series of workshops to train poor Filipino women in milkfish post
harvest techniques. These trainings tavgmhen residing in six coastal communities located in
Guimaras and lloilo, which are major area for milkfish. The focus is on providing skills development
in processing and valtedding that improve income opportunities. In the two workshops held in
April 2010, participating women were given practical training in milkfish deboning and marinade
preparation. They also learned marketing techniques for selling theseadaleid products. Business
opportunities that develop may be staaidne or part of an integted milkfish production system.

For setting up a business, CRSP investigators are assisting women trainees to link up with a
microfinance company. 109MNEO2NC

1 With the competing interests of aguaculture expansion versus natural resource conservation,
AquaFish CRSP is organizing a 2011 symposium to ex@issues that drive the debakezaluating
the Relationship Between Seimiensive Aquaculture and Natural Biodiversi@rganizers have put
together a roster of invited experts who will speak on a wadge of topics including invasive
species effects, effluents and eutrophication, antibiotic effects, environmental performance, use of
aquaculture feeds, and social and economic impadEMNEO6UM
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TELLING T HE AQUAFISH STORY
Press Release by Tiffany Woo@regon State University

Bacteria on steroids: A new way to make
water at tilapia farms safer?

VILLAHERMOSA, Mexicoi It's no secret that
baseball stars, bodybuilders and cyclists have
usedsteroids. Now it turns out that even bacteria
get juiced.

Researchers in Mexico have found that three
common species of bacteria have voracious
appetites for methyltestosterone (MT), a
potentially harmful steroid that fish farmers use
to change the sex tifapia. The discovery may
eventually result in a safer environment for farm
workers and nearby residents and wildllfehas
global implications given that tilapia is raised in
more than 100 countrieaccording to the U.N.
Foad and Agriculture Organizimn.

Tilapia producers add methyltestosterone to the
powdered food they dish out to large tanks of
tiny tilapiascalled fryevery day fothree tafour
weeks to turn them into males. They want males
because they grow faster than females and
because hawg only one gender prevents
reproduction. (Breeding makes the farmers'
operation less codfficient.) The young tilapias
swallow the steroid but then excrete it back into
the water through their feces and urine.

Fish biologist Wilfrido Cofreras Sanchez
worries that MT residuenight endanger the
health of workers who wade into the water to
scoop up juvenile fish. Also, many tilapia
producers discharge the hormdaeed water
from the tanks into streams, rivers and lagoons
where it might harm other fismd amphibians,
said Contreras, who heads the biological
sciences division at the Autonomous Juarez
University of Tabasco where the bacterial
research was conducted. Additionally, the health
of local residents who swim in or wash clothes
in these bodies afiater might be at risk, he said.

Contreras said little is known abdutw the use

of MT in aquaculturenight affect humans or
wildlife. MT is an androgen and is prescribed to
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stimulate puberty in slowdeveloping adolescent
boys and to treat breast cancene U.S. Food

and Drug Administration has said thgblonged
use of high doses of androgens has been
associated with the development of liver cancer
and that androgens maychease elderly people's
chances of developing prostate cancer. High
doses in women can lead to deeper voices, facial
hair, acne and irregular menstrual cycles, the
FDA said.

Contreras hopes that the bacteria he studied will
eliminate potential hazardsatided in sufficient
amounts to the water filters in the tanks where
the tiny tilapias dine on MT. They're naturally
present in all fish culture systems (particularly in
the filters) but not in large enough quantities to
degrade the hormone, he said.

In lab tests, he and fellow researchers found that
PseudomonaBuorescenswhich spoils milk,
andBacillus ceresusthe culprit of food
poisonings, each removed 99 percent of the
hormone after 20 days in flasks. Another
speciesP. aeruginosawhich can causeashes,
pneumonia, bladder infections and swimmer's
ear and can even break down crudedsloured

97 percent of the hormone after 16 days in
flasks.

Becausehe singlecelledP. aeruginosdhad
multiplied rapidly in the lab, researchers selected
it for the next leg of the experiment. They added
billions of the bacterido filters that used gravel
and special plastic balte clean the water of

three 8,004diter concrete tanks. The filters were
inside plastic drums that stood on the edge of the
tanks. Eah tank held 5,700 yourtgapias that
were fed MT daily(The fish ate the MT before it
was pumped into the bactegsaothered water
filters on the other end of the tahks

The trialshowed a trend toward lower levels of
MT over timein the tanks where loteria had

been added versus the control tanks without
bacteria, Contreras said

Continued on page&
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He and his team plan to conduct more
experiments to fine tune how mabgcteria

use, what species or combination of species to
use and how long to let them feast, Contreras
said. If the kinks are worked out, the university
hopes to grow mass gutities of whatever
bacteria ardinally selected and then sell the
microorganisms to tilgia producers in the form
of a concentrate, he said.

MT aside, the researchers uncovered somethin
unexpected in their experimehe fish in the
tanks withP. aeruginosaveighed more than

those in tanks without the bacteria. Some species

of bacteriain aquaculture systenenhance

g
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growth, andP. aeruginosanay be one of them,
Contreras saidAlso, lab testdfound no diseases
in thekidneys, lives or splees of fish raised in
tanks with the bacteri®ecause the bacteria are
already ubiquitous anghay beeatn by tilapias,
Contreras doubts that they woudu® any

health problems, like infections, in pae or

fish.

The research was funded Byegon State
University, the University of Arizondghe
Autonomous Juarez University of Tabasand
the U.S. Agncy for International Development
through its AquaFish Collaborative Research
Support Pogram.
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2 ‘% V. OVERVIEW OF RESEARCH PROGRAM STRUCTURE
w

&RSP is managed in a manner to achieve maximum program impacts, particularly for small
scalefarmers and fishers, in Host Countries and more broadly. CRSP program objectives address the need
for world-class research, capacity building, and information dissemination. Specifically, the AquaFish
CRSP strives to:

Develop sustainable engser level agaculture 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 endarenlong
program impacts at the community and national levels;

9 Foster wide dissemination of research results and technologies to local stakeholders at all levels,
including endusers, researchers, and government officials; and
Increase Host Country capacity and produtito contribute to national food security, income
generation, and market access.

The overall research context for the projects described ir\thisal Reporis poverty alleviation and

food security improvement through sustainable aquaculture devehbpme aquatic resourse
managemenDiscovery of new information forms the core of projects. Projects also include institutional
strengthening, outreach, and capacity building activities such as training, formal education, workshops,
extension, and confence organizing to support the scientific research being conducted.

Projects focus on one USAIBligible country within a region, but have activities in nearby countries
within the same region. All projects received USAID couényel concurrence prioptaward.

GLOBAL AQUAFISH CRSPPROJECT THEMES (GOALS)

Improved Health and Nutrition, Food Quality, and Food Safety
Income Generation for Smeaicale Fish Farmers and Fishers
Environmental Management for Sustainable Aquatic Resources Use
Enhanced Trad®pportunities for Global Fishery Markets

oSowp

Each project has one AquaFish CRSP theme as its primary focus, but addresses all four themes in an
integrated systems approach. The global themes of the CRSP areuttiogsand address several
specific USAID poicy documents and guidelines.

AQUAFISH CORE RESEARCH PROJECTS STATS
Under thedmplementation Plan 2002011, 50 investigations have been initiated with a disttion by
Systems Approach of Zér Integrated Production Systerasd 26for People Livelihoods, & Ecosystem

Interrelationships Projects include 16 countries, 16 US Universities and 29 HC institutions in formal
funded partnerships.
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Table V-1. AquaFish Core Research Project Investiations by Systems Approach and Topic
Areas (2009-2011)

SYSTEMS TOPIC AREA NUMBER OF
APPROACH INVESTIGATIONS

Integrated Production Systems
Indigenous Species Development (IND)
Quality Seedstock Development (QSD)
Sustainable Feed Technology (SFT)

~N o o1 O

Production System Design & Best Managem&lternatives (BMA)
People, Livelihoods, & Ecosystem Interrelationships

Human Health Impact of Aquaculture (HHI)

Technology Adoption & Policy Development (TAP)

Marketing, Economic Risk Assessment, & Trade (MER)

Mitigating NegativeEnvironmental Impacts (MNE)

Watershed & Integrated Coastal Zone Management (WI2)

W W N AN

Food Safety & Valueddded Product Development (FSV)

Total 50

AQUAFISH CRSPTOPIC AREAS

Core projects have work plans (investigations) organized around a number of specific areas of inquiry
called Topic Areas. Current projects contain between five and eight investigations. Projects focus on more
than one topic area in describing aquaculteszarch that will improve diets, generate income for
smallholders, manage environments for future generations, and enhance trade opportunities.

A systems approach requires that each CRSP project integrate topic areas frimtegoited

Production SystmsandPeople, Livelihoods and Ecosystem Interrelationshi}$$AID also encourages
the CRSP to address biodiversity conservation ane3M@© biotechnology solutions to critical issues in
aquaculture. Each overall project describes a comprehensive devet@ppeoach to a problem.

Projects were formed arourdre program componentas identified by USAID:
a systems approach

social, economic, and environmental sustainability

capacity building and institution strengthening

outreach, dissemination, aadoption

gender integration

=A =4 =4 -4 A

Topic Areapertain to aquaculturandthe nexus between aquaculture and fisheries. Some of the
following topic areas overlap and are interconnected. Investigations imghismentation Plandentify a
single topic area thdtest describes each individual investigation. The text under each topic area is
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provided for illustrative purposes and is not prescriptive. Fishengsissues were not funded with core
EGAT funds per guidance from USAID.

TOPIC AREAS: INTEGRATED PRODUCTION SYSTEMS

1 Production System Design & Best Management Alternatives (BMA)
Aquaculture is an agricultural activity with specific input demands. Systems should be designed to
improve efficiency and/or integrate aquaculture inputs and outputs with otimriagal and non
agricultural production systems. Systems should be designed so as to limit negative environmental
impacts. CRSP research should benefit smallholder orttogemiintensive producers, and focus on
low-trophic species for aquaculture deymment. Research on seilater dynamics and natural
productivity to lessen feed needs were fundamental to the Aquaculture CRSP; critical new areas of
research may be continued. Interventions for disease and predation prevention must adopt an
integrated pst management (IPM) approach and be careful to consider consumer acceptance and
environmental risk of selected treatments.

9 Sustainable Feed Technology (SFT)
Methods of increasing the range of available ingredients and improving the technology available to
manufacture and deliver feeds are an important research theme. 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 efffeied strategies that reduce the
Afecol ogical footprinto of a speciestleessender cul ti v
reliance on fishme#droteins/oils and lowers feed conversion ratios is desired, as is research on feeds
(ingredients, soues, regimes, formulations) that result in high quality and safe aquaculture products
with healthy nutrition profiles.

1 Indigenous Species Development (IND)
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, technical, and social impacts. Research that iratestiglevant policies and
practices is encouraged while exotic species development and transferrativerfishes are not
encouraged. A focus on biodiversity conservation, and biodiversity hotspots, as related to the
development of new native species &quaculture is of great interest. Aquaculture can be a means to
enhance and restock smadlale capture and wild fisheries resources (AquacuRigieeries Nexus
Topic Area). Augmentation of bait fisheries through aquaculture to support capture $isheame
area of interest, provided there are no net negative environmental effects.

1 Quality Seedstock Development (QSD)
Procuring reliable supplies of high quality seed for stocking local and remote sites is critical to
continued development of thedustry, and especially of smallholder 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 breatishggsmot
involve 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.

ToPIC AREAS: PEOPLE, LIVELIHOODS , & ECOSYSTEM INTERRELATIONSHIPS

1 Human Health Impacts of Aquaculture (HHI)
Aquaculture can be a crucial source of protein and micronutrients for improved human health,
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growth, and development. Research on the intrinsic food qualitgrafus farmed fish for human
consumption is needddthis might include scienelased studies of positive and negative effects of
consuming certain farmed fishes. Patterns of fish consumption are not well understood for many
subpopulations. Human health dasnegatively 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/veetbarne illnesses such as malaria, schistosasyiasd Buruli

ulcer and human health crises such as HIV/AIDS and avian flu.

1 Food Safety& Value-Added Product Development (FSV)
Ensuring high quality, safe, and nutritious fish products for local consumers and the competitive
international marketplace &primary research goal. Efforts that focus on reducing microbial
contamination, HACCP controls and hazards associated with seafood processingddellie
processing, pogtrocessing, and bgroduct/waste development are of interest. Consumers and
produers alike will benefit from research that contributes to the development of standards and
practices that protect fish products from spoilage, adulteration, mishandling, dlavaf$.
Certification, traceability, product integrity and other efforts tpriove 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 .d@ajaecultureFisheries
Nexus Topic Area)

9 Technology Adoption & Policy Development (TAP)
Developing appropriate technology and providing techneletpted information to endsers is a
high priority. The program encourages research that results in a better understanding of factors and
practices that set ttstage for neaterm technology implementation and that contribute to the
development of successful extension tools and methods. Areas of inquiry can include institutional
efforts to improve extension related to aquaculture and aquatic resources managgeras)ased
policy recommendations targeting poor subpopulations within a project area, or more broadly (for
example, national aquaculture strategies); methods of improving access to fish of vulnerable
populations including children (e.g., schdi@sedaquaculture programs); scierlocased strategies for
integrating aquaculture with other water uses to improve wellbeing, such as linkages with clean
drinking water and improved sanitation. Policy initiatives that link aquaculture to various water uses
to improve human health are needed. Additionally, social and cultural analyses regarding the impacts
of fish farming may vyield critical information for informing policy development.

1 Marketing, Economic Risk Assessment &rade (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; theargips 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 inteational markets is of interest, especially as constraints affect
competitiveness, market demand, and how to link producers to specific méhketsculture
Fisheries Nexus Topic Area)

1 Watershed& Integrated Coastal Zone Management (WI2)
Aquaculture development that makes wise use of natural resources is at the core of the CRSP.
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 researdhil@ssis 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 versis industrial uses, and the like. Water quality issues are of increasing concern as
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multiple resource use conflicts increase under trends toward scarcity or uneven supply and access,
especially for freshwater. Ecoregional analysis is also of interesptorexspatial 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%pople 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. Rapizitidra

has further harmed coastal ecosystems, and with-scall fisheries and aquaculture operations in

the nearshore, integrated management strategies for coastal areas are also i@apréeniture
Fisheries Nexus Topic Area)

1 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
aquaculturd such as poor managememnagtices and the effects of industrial aquacudiuieea
primary research goal of this program. A focus on biodiversity conservation, especially in
biodiversity fAhotspotd areas, as related to emer
Thereforeresearch on the impacts of farmed fish on wild fish populations, and research on other
potential negative impacts of farmed fish or aquaculture operations is needed, along with scenarios
and options for mitigatior(AquacultureFisheries Nexus Topic Area)

ENVIRONMENTAL COMPLIANCE
The following USAID environmental restrictions apply to the projects and the overall program:

9 Biotechnical investigations will be conducted primarily on research stations in Host Countries.

1 Research protocols, policies, and picas will be established prior to implementation to ensure
that potential environmental impacts are strictly controlled.

9 All training programs and outreach materials intended to promote the adoption of CRSP

generated research findings will incorporateahpropriate environmental recommendations.

All sub-awards must comply with environmental standards.

CRSP Projects will not procure, use, or recommend the use of pesticides of any kind. This

includes but is not limited to algaecides, herbicides, fungicjulesicides, parasiticides, and

protozoacides.

CRSP Projects will not use or procure genetically modified organisms (GMO).

CRSP Projects will not use, or recommend for use, any species that agedeonic to a country

or not already well establishedits local waters, or that are n@emdemic and well established

but are the subject of an invasive species control effort.

=a =9

= =

TERMINOLOGY FOR INVESTIGATIONS

Investigations that generate new information form the core of projects. Each investigelganlis
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 maystate a hypothesis if appropriate. Studies include surveys, focus groups,
database examinations, most modeling work, and collection of technical data tha
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do not involve controlled manipulation (e.g., collection and analysis of sail
samples from sites without having experiments of hypothesized effect before
collection).

Activity An activity requires staff time and possibly materials but does not
generge 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 provide a transparent means for evaluatffegefit types of work under the CRSP, be they
guantitative, empirical, biologicalipased, qualitative, polielgased, or informal. Each project was
required to include at least one experiment or study. Projects were also required to include outreach
activities such as training, formal education, extension, and conference organizing to supplement the
scientific research being proposed.

GENERAL RESEARCH PRIORITIES

All core projects address the following general research priorities:
1 Priority Ecosystems
Freshwater and brackish water ecosystems for aquaculture and aquafigherg nexus topic
areas. Marine ecosystems are also included in the aquadigh&gy nexus topic areas.

9 Priority Species
Low-trophic level fishes; domesticated freshwater fishes:fimdishes (e.g., bivalves, seaweeds);
aquatic organisms used in polycultures and integrated systems; native species. Food fishes are a
priority but species used for ndood purposes (e.g., ornamental, pharmaceutical) may also be
included as a priority ithey are a vital part of an integrated approach towards food security and
poverty alleviation.

1 Target Groups
Aquaculture farms (smalto mediumscale, subsistence and commercial) and aquaculture
intermediaries, policy makers, and others in lcosintries.

1 Key Partners
University, government, negovernment, and private sector
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VI. CORE RESEARCH PROJECT REPORTS

Annual reports submitted by each project cover the period from 1 October 2009 to 30 September 2010.
Six of the core research projecisgotiated na@ost extensions (NCE) that extended their work under the
Implementation Plan 2082009 from 30 September 2009 through 31 December 2009 for five projects
(North Carolina State University, Purdue University, University of Connettagry Pont, University

of Hawai 6i at Hilo, and University of Michigan)
Arizona).

All 2007-2009 investigations were successfully completed. final investigation reports were
published by the Management Officetwo volumeaunder the titleTechnical Reports: Investigations
2007%2009and are available at aquafishcrspgonstate.edu/publications.phpue to their length and
detail, they are not priad in this annual report.

Implementation Plan 20R011reports are printed as submitted by L&adjectswith subsequent addition
by the MNE of project summaries, which were drawn from project proposals.

Photoin Mexico by Tiffany Woods
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LEAD USUNIVERSITY : AUBURN UNIVERSITY

HYDROLOGY , WATER HARVESTING , AND WATERSHED M ANAGEMENT FOR FOOD SECURITY ,
INCOME, AND HEALTH : SMALL |MPOUNDMENTS FOR AQUACULTURE AND OTHER COMMUNITY USES

PROJECT SUMMARY
Our vision is to provide research results ihatease the knowledge base on water resource uses that
work in the African context. The studies identify best practices in water use, enterprise development, and
fish culture and contribute a legacy of trained individuals capable of leading and guidaayioral
development as part of watershed management. Four studies address 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 counttie®)ganda, we build on a thrgear intensive
USAID-funded effort to build an aquaculture industry that brings to the project an extensive network of
contacts and institutional knowledge. We have a strong network of women scientists and extension
professonals as Host Country Partners. Some host country partners have a sustained record of
meaningful impact in the aguacultural sector in their own and neighboring countries whereas others are
new to aquaculture by bring other disciplines and approaches bwdhder context of watershed
management.

Much research on smathlolder aquaculture in developing nations has focused on integration of
aquaculture with other activities on small farms. Our approach was to consider how to integrate
aquaculture into watehed management schemes that focus on capturing overland flow in one or more
small impoundments for multiple use, e.g., community water supply, aquaculture, livestock watering,
smaltscale irrigation, etc. We acknowledge the fundamental resilience thatmlend to smalscale
aquaculture through their labor, vigilance, and interest in the activity.

The project uses climatic and hydrological variables, as well as topographic and geologic features
to develop a procedure for identifying sites where suchrael could be installed. This project
provides basiclata on precipitation, evaporation from water surfaces, temperature, and
evapotranspirationeeded in modeling and engineering efforts, complemented by case studies of
water use and management for fiahnfing. Other work refines hydrologic models and proposes
appropriate layout and engineering guidelines for designing and constructing small impoundments
and water conveyance systems. In addition, watershed management practices for protecting the
quality and quantity of the water source are delineated. The other components consider how
aquaculture could be interwoven with other uses in environmentally and socially sound ways.
Finally, there is a component dedicated to considerations of how stakeholdersrgaulize

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.

We draw our broader view of smdiblder aquacultural develoent from the FAO Limbé Declaration

that asserts a number of principled conclusions (Moehl et al. 2005). The statement concludes that
aquaculture development in s@aharan Africa (SSA) is at a crossroads. Burgeoning population growth
and declining naturaources of fish make it imperative that aquaculture contributes as substantially to
continental fish supply as possible. The region is the only one in the world where per capita fish
consumption is declining and is projected to decline further. Reasotiesaituation include civil

conflict, weak management structures, low levels of investment in rural economies, and lack of economic
growth. At the same time, however, new opportunities exist that brighten the prospects for aquaculture
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development. In péicular, we see women as key practitioners of sisedle aquaculture as a source of
income and food security for rural households.

The FAO document asserts that smalid mediurscale commercial enterprises are the most efficacious
engines of economigrowth (Moehl et al. 2005). Researchers at the International Food Policy Research
Institute found that "... even small increments to rural incomes that are widely distributed can make large
net additions to growth and improve food security." The CGIARderstified interventions that lead to
improved incomes at the level of the rural farmer and resource manager as "having a larger impact on
countrywide income than increases in any other sector." To increase the benefits accruing from
aquaculture, developmeplanners should consider how to move from the current situation of dominance
of smaltholder artisanal/largecale commercial investors, to one where there are many sméll
mediumscale commercial investors, without losing the benefits currentlglgginerated by

aquaculture.

The project addresses a number of constraints to the development of aquaculture, which includes basic
insights into water availability and hydrological context, seed and feed production, as well as inefficient
extension and otgach. Such considerations are vital for protecting wetlands and promoting biodiversity.
It addresses women directly and recognizes their role in sustainingsoakglaquaculture. We endeavor

to clarify how public/private partnerships between investotskaowledge delivery structures can

facilitate sectoral growth by providing farmers with the highest quality of technological, managerial and
marketing information available (Moehl et al. 2005).

While appreciating the need to address major constraiemsifiéd (water, seed, feed, extension), there is

a need to examine other areas, such as market development, access to capital and other policy issues
(Moehl et al. 2005). There is a clear need for-edigctive financial and institutional arrangementst th

can complement government and donor resources to deliver a limited number of critical research,
advisory and technical services to higbtential farmers.

Aquaculture can provide high quality food for rural and urban consumers, generate employment and
general commercial activities in otherwise impoverished local economies, make sense in the land and
water context, and contribute to national wealth through increased revenue from markets and trade. The
growth and expansion of fish farming must take actofithe soil and water systems that provide a
sustainable context for this productive enterprise. Our vision is to provide research results and visible
examples that increase the knowledge base on developmental production paths that work in the African
context, that guides aquaculture development in ways that protect wetlands and enhance biodiversity, that
identify best practices based on successful experiences, and to contribute to a legacy of trained men and
women capable of leading and guiding aquacaltdevelopment in the long term. The insights and
approaches developed in Africa also have parallels and implications for problems confronting
communities and watersheds in the U.S. (Boyd et al. in press). The next step for this project if future
fundingbecame available would be to expand the geographic scope of the project in Uganda, enhance
training for Ugandan farmers and technical personnel, and conduct research to ameliorate the malleable
constraints to aquacultural development. Our exit stratetgylésmve behind a trained cadre of business
sensitive technical personnel with functioning feed suppliers who can work with capable farmers to
advance the aquaculture industry in Uganda.

Literature Cited
Moehl, J., M. Halwart, and R. Brummett. 206&port of the FA@NorldFish Center Workshop on Small
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Shell, and S. Fowler. In press. Small impoundment complexes as a possible method to increase water supply in
Alabama. Proceedings of the 2009 Georgia WassoRrces Conference, University of Georgia, Athens,
Georgia, USA.

PROJECT PERSONNEL

Alabama A&M Makerere University, Uganda

Jame®Bukenya- US CoPI Levi Kasisira- HC Lead PI
PeterMulumba- HC Investigator

Auburn University Monica Karuhang®&8erahu- HC Investigator

JosephMolnar - US Lead PI TheodoraHyuha- HC Investigator

ClaudeBoyd- US Investigator

KarenVeverica US Investigator NaFIRRI, Uganda
GertrudeAtakunda- HC CoPI

Gulu University, Uganda JohnWalakira - HC Investigator

Nelly Isyagi- HC CoPI

Alfonse Opio- HC Investigator Stellenbosch University South Africa

Khalid Saliee HC CoPI
University of Georgia
Bill Tollner- US CcPI

INVESTIGATION PROGRESSREPORTS
Printed as submitted hjosephMolnar, US Lead PI

09WIZ01AU- Effects of WatershedWater QualityAquaculture Interactions on Quanitity and Quality

of Water from Small Catchments in South Africa and Uganda

Progress.Startup for the study in South Africa was slow because of administrative issues related to
transferring the first increment of funding to Stellenbosch Univerditye US Pl visited Stellenbosch
University in February 2010 and assisted in locating skeitabnds for the studyTwelve sites were

visited and several ponds were tentatively selected as possibilities for the reémrS&outh African
researchers then interviewed farmers and examined the conditions for monitoring at eaohffgond.
consicerable effort, six sites were identified as being suitable for both the hydrologic and water quality
aspects of the studylhese sites were grouped to allow a trowiture pond and a control pond (no
aquaculture) in the same general vicinity (TableThe ponds ranged in size from 7 to 23.7 ha, and all
ponds were in farmland areafhe watershed areas were delineated and agricultural practices on the
watersheds recorded weather station nearest each of the three groups of trout production/conttol po
pairs was identified and weather data is being obtained at regular intervals.

Weather data including maximum and minimum daily temperature, total daily rainfall, total daily class A
pan evaporation, minimum and maximum daily relative humidity, and dailgt run are being
accumulated It will be possible to obtain daily values for all of the variablelydrologic measurements,
primarily water depth in ponds, began in mid September 20h0s, this part of the study has not
progressed enough to reparty findings.

Water quality data have been collected twice in 2010 from the ponds for trout culture as part of another
investigation. However, water quality monitoring in the control ponds was initiated in September
2010. Therefore, no evaluation of effis on water quality of trout culture can be made in this report.

Dr. William Tollner recently visited Stellenbosch University and traveled to the pond Bigetelt that

hydrologic data from the Cape Olive pond (Table 1, Location 3*) would be theusefsi for his
hydrologic monitoring effort in Uganda.
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TableVI-1. Site selected for hydrologic and water quality studiggrout production pond (*) and a
control pond (**) were paired at three locations.

Circumference Surfacearea

Location/pond (km) (ha) Coordinates Land use

1 Bluegum* 1.98 16.8 341 Nj 55. 07 Farmland

155Nj 54. 4
Rooiland** 2.24 23.7 344 Nj 52. 14 Farmland

1854 N} 38. 7
2 Mountain Vineyards* 1.37 8.0 3¥52Nj 24 . 8 Farmland

1857 Nj) 20. 4
Normandi* 1.5 11.8 353 Nj 12. 9 Farmland

159N 5. 77
3 Cape Olive 1.16 7.0 3¥42Nj 26 . 1 Farmland

192 Nj 1. 23nj
Ashanti 2.0 13.8 33¥4 3 Nj 35. 4 Farmland

191Nj 52. 21

09WIZ02AU- Surface Catchment Development and Sustainabiltyaluation for Multipurpose Water

Supply for Meeting Aquaculture and Other Water Needs

At Makerere University, topographical, soils and Geomorphology maps of Uganda were acquired from
Uganda lands and surveys Department with Arcview 3.2a software fanjraty remote sensing and

data analyses. Field visits to smsdlale and progressive fish farmers to identify best water management

and construction practices as well as wasdsited constraints of production. Each visit involved GPS
coordinate data coléion for sites of existing fish ponds in Wakiso, Kampala, Jinja and Mpigi districts.

Water management was identified as one of the key problems facing existing ponds and was attributed to
pond construction methods that allow: (i) high seepage rateSge(liment inflow into the ponds with

limited runoff micrecatchment control, (iii) High evaporation rates during some seasons of the year, (iv)
improper positioning of inlet and outlets to the ponds, (v) improper leveling of the ponds. Amongst the

good wate quality practices identified included use of Interceptor drains and riparian zones created

around the ponds and mieveatershed. The BMPs identified will be used in the community training

workshop to be done in the next project phase. Ajournal artictket | ed A Aquacul ture po
guidelines for sustainable miecwat er shed devel opment i n Ugandaodo i s
submitted next year. We secured additional EPA pond construction fund and finalization of the Makerere
University Subcortract with UGA has been done. Model pond construction will commence in

November, 2010 and data on the different construction methods will be collected. Water quality testing

for the two sites at MUARIK and AEATREC has been accomplished but the waterty aawtiquality

modeling is yet to be completed. Evaluation of good water management practices in terms of wetland
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impacts will be studied in the model pond site after construction. Hydrological modeling of the MUARIK
site-stream is being conducted by ardargraduate B.S. Agricultural Engineering student as a final year
design project. The student is using HRBS model to define the stream hydrology and simulate
riverside developments of introducing a reservoir and a fish pond before the pond constodtion.
climate, vegetation cover, watershed and pond characteristics data inputs from the two sites are being
collected for use in the spreadsheet screening tool for catchment suitability screening. SPAW model
synthesis and adaptation to Uganda data isoyie¢ done.

At the Univeristy of GeorgiaE.W.Tollner, Herbert Ssegane and Karen Veverica published Geospatial
Modeling of Site Suitability for Pond Based Tilapia and Clarias Farming in Ugdruastudy set out to
implement geospatial modeling of s#eitability for Tilapia and Clarias farming for Uganda. Seven

criteria of water requirement, water temperature, soil texture, terrain slope, potential farm gate sales,
availability of farm inputs, and access to local and regional markets were analyzedisprand fuzzy
approaches of criterion classification were implemented and the results compared. The weighted linear
aggregation method was used to generate the overall suitability maps. There was a statistically significant
difference between suitahiivalues generated by crisp and fuzzy approaches. For both the crisp and the
fuzzy approaches, over 99 % of the land was classified as moderately suitable or as stoiabieer,

the distributions of the suitable and moderately suitable classificatéoiesl between the two

approaches. The differences were more dominant in the Northeastern part of the country and areas around
the shores of the major Lakes. For the same location, the fuzzy method gave slightly higher suitability
values at the lower extnge (unsuitable) and gave slightly lower suitability values at the upper extreme

(very suitable). Overall, the crisp method classified 59,203 ha (0.34 %) as very suitable for Tilapia and
Clarias farming compared to 230 ha (0 %) by the fuzzy method. Sirealtaly, the crisp method gave

10,794 ha (0.06) as unsuitable compared to 7,150 ha (0.04 %) by the fuzzy method. Of the 138 fish ponds
with operational pond status, the crisp method classified 71 % as suitable while 29 % as moderately
suitable while the fuzy method classified 71.7 % as suitable while 28.3 % as moderately suitable.

09BMAOQ1AU - Evaluation and Improvement of Production Technology in Uganda: Case Studies of
SmallHolder Cage Culture in Watershed Reservoirs and as an Alternative Livelihoodrishers
Progress.The project started with outlining funding opportunities for the identified farmer groups. A
number of opportunities were looked at. Given that the farmer groups still operate on small scale, the
most feasible ones included governmenuimgonations to farmers and borrowing inputs such feed and
fingerlings from supplies. The borrowed inputs would be paid back with no interest after fish sales at the
end of the production cycle. Various groups across the country were studied in oréetifp idose that
qualified to partner with the project. A series of criteria were developed and used to select the farmers.
The criteria included:[1] Registration status of the group with the local government in the area and or with
a farmer associatioffi2] Evidence of financial resources and their sourcesfgjh production

and financial records.

One farmer group AJinja United Group Initiative f
Development( J UGI PAED) 06 quali fi ed t oroupe@mgrisessmapscdlee i n t he
farmers and they have already obtained permits for cage culture, outside Jinja, within about 5 km of

where the Nile River exits Lake Victoria. A Memorandum of Understanding (MoU) has been signed

between the group and the projexguide the project activities. The MoU spells out roles of each

partner. There is another group in the vicinity and involved in cage culture with support from the National
Agricultural Advisory Services (NAADS) that the project will study for comparisamposes. Efforts to

identify a group in Northern Uganda were not fruitful given that most of the groups had been newly

formed and not in operation. Others were already in partnership with the USAID funded LEAD project.
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Work done so far with the grougi] Detailed description of the group; [2] Survey of the Kirinya area of
Lake Victoria. The survey measured water quality parameters. Interviews were conducted with the
community around and the Kirinya government prison officials to understand socialassues

accessibility arrangements. The prison officials promised total support to the cage culture trails including
availing space for. [3] Site selection on Lake Victoria putting up a storage shabevglpping

production and financial management plathvthe group [S]Recommending the group for feed loan
support from UgaChick companysinalised feed procurement arrangement by farmer group (farmer
group will provide all the feed throughout the trial). Floating feed produced by Ugandan based company
Ugachick Ltd will be used. [6] Procurement of cage materials and making cages; [7] Booking Tilapia
fingerlings to stock the cages. (The group was not in position to raise fingerlings as was originally
planned); [8] Finalised site accessibility arrangemert Witinya Uganda government prison [9] Two
students were identified for internship to assist farmer group in record keeping

Case Study ResultsFour pond groups were identified as exemplifying a range of focus and commitment

to aquaculture production. Thesults were analyzed and presented in Emily Stutzman Jones M.S. thesis.
Though patterns of distorted incentive systems and piecemeal donor seeking were established by donor
behavior, the effects damage the viability of producer organizations and undéveirability to

accomplish the goal of becoming profitable commercial fish farnters.c h donor comes t hat
own aims, which may or may not align with the umbrella group's gtalfact, government or donor

goals may serve to hinder member fiahnfiers from focusing on production, profitability, and kiagm

organizational viabiityDonor and governmentsd requirements cer
organization leadership development, as this pattern of goal displacement and distortiatsdbsatiars

from defining, working towards, and achieving goals and forming an organizational idéntitye

current method of operations, leaders of deshoren fish producer organizations simply follow the

dictates of donor organizations, dictateschlchange with the creation and completion of an endless

stream of shorterm projects conducted by an alphabet soup of donor organizafiddgionally, fish

producer organizations model tFbrdishgdrodocerrganizatisnk or t t e
in Uganda to support a marketiven, thriving aquaculture sector sustained over time, producer

organization leaders must recognize that current government and donor financial incentives are not

serving their interests as commercializing fialniers, and avoid them while demanding that these

structures be reformed to serve the intended purposes of governments, donors, and fish farmers.

09MERO1AU- Market Assessment and Profitability Analysis of Aquaculture Enterprises in Uganda

Data Collection. The first step in assessing aquaculture fienel production costs, management

practices, and marketing arrangements, is to identify the number, size, and location of existing

aquaculture producers and processors and the current markets they seofeurisnt fish farmers and

processors in the study area (central region) were developed in collaboration with NaFIRRI, WAFICO

and UFPEA.While the administration of the fish processor survey is stigjoimg, the administration of

the fish dyarhees sbhbe esrurcvompl et ed. The final far mer so
200 farmers wusing direct personal interviews at f.
convenience. The exercise started on 14th June, 2010 and enddyl I5tld 2010. The interviews,

lasting about two hours, solicited information on number of years in the aquaculture business, allied

industries, type of operation, species reared, product forms, marketing strategies and income from

aquaculture enterprise.

Data Analysis and ResultsData from questionnaire interviews were coded and entered into a database
system using Microsoft Excel software. A statistical meth&PSS (Statistical Package for Social
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Science) was used to analyze the data, producing descriptive statistiesalvaml threeway frequency
tables were generated. Main findings:

)l

il

=a =4 = = =4

E

=A =4 =4 -4 A

Only 36 percent (n=72) of the farmers interviewed had fish farming as their main source of
income. The other 64 percent (n=128) farms had a wide range of other livelihood activities
Although someof the farmers interviewed had been involved with fish farming for many
generations, there appeared to be an increasing number of people who were starting to practice
aquaculture.

Farms visited were generally established from between 1980 and 2010,maih Beriods of
development identified [1998000 (n=38), 200:2005 (n=83) and 2008009 (n=57)]. Over 70
percent of the farms surveyed started in the past 10 years22090.

Although many farmers regarded it as source of income, it is not regarifeplaatant as other
sources of income, rather one that could be used sporadically.

More farms cultured tilapia and catfish compared with any other fish species. When asked to
indicate the species grown for their last harvest, the majority (82 percentereplapia.

Most farmers (24 percent) harvested their fish for family consumption as well as for local markets
(70 percent).

The majority (61 percent) of the farms solicited additional labor (1 to 5 people) during harvest
and most of this additional helpas paid labor.

The average smallest market fish size harvest ranged betvws¥hdlams and the average

largest market fish size was 50000 grams and this appeared to be related to the species that
they farmed the size of the pond used and the markpbge of their harvest.

Over 35 percent of the farms surveyed categorized their fish harvest to be of good quality while
21 percent categorized their harvest as poor quality.

The majority (72 percent) of the farms rented their harvesting net

The majority @ farms fed their fish with maize bran (47 percent) followed by Ugachic feed (24
percent), but a proportion also used crop leaves and pellets.

Nearly all of the farmers interviewed cultured fish in ponds rather than cages.

A high number of farmers (64 pena) owned between 1 or 2 ponds

The dayto-day management of the ponds on 57 percent of the surveyed farms was under family
labor.

The most common pond size was 100 to 200m

Farmers obtained their fry/fingerlings from a variety of different sources hétimbst common
source of fish seed being from Kajjansi fisheries institute (58 percent) followed by Mpigi and
Umoja fish farm.

The stocking density of fingerlings ranged from 100 fish to 9050 fish with most farmers stocking
at between 35550 fish.

Only 45percent of the farms surveyed made a profit from the last completed harvest.

The majority of the farms (60 percent) sold their fish fresh.

Over 90 percent of the farms surveyed used personal funds to finance their production.

The majority of the farms (7percent) are not associated with any organization.

Only 48 percent of the farms kept some form of written records related to their fish farming
activities, relating mainly to production costs.

Only 10% of farmers claimed to contact the extension offiaftts most farmers relying on their
own experience or advice from other farmers.

Generally, farms involved in smadkale fish farming stocked and harvested their fish ponds
throughout the year.

The length of the production cycle (from stocking to harvestyed from 8 to 9 month for the
majority of the farms surveyed.
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09BMAO2AU - Training and Outreach in Uganda and Surrounding Nations
Progress.The training and outreach component successfully organised the Third Annual Fish Farmers
Symposium and Trade Fair in partnership with the Walimi Fish Farmers Cooperative Society
(WAFICOS) in January 2010.The theme of the Third Annual Fish Farmers Sysnpm and Trade Fair
was fADealing with the Chal l en g®esperificalas didcussed g a n
were:
1. Challenges Faced in Accessing Inputs the Consequent Implications on Returns to Investment and
Quiality of Service Delivery.
2. Markets, Marketing and Market Information.
3. Current Support Services to the Aquaculture Pri&sdetor and Factors Affecting their
Accessibility.
An optional oneday field tour to various a@culturerelated establishmentisat included farms and feed
and fishnet manufacturing plantsThere were a total of about 158 paid in participants to the
symposium.The proceedings of the third symposium have been compiled into a CD that is being
distributed locally in UgandaThe proceedings are also beitigtributed bythe US team andiso been
uploaded on the SARNISSA websitdhe SARNISSA website is a source of aquaculture information for
more than 1000 practitioners (farmers, policy makers, suppliers, etc) from-iBehalban Africa. The
SARNISSA linkwww.sarnissai@. An article about the third symposium was also written for
Aquanews.

Technical Support. Study 2: Assistance was provided in the organization for the seminars to be

presented by Herbert Ssegane and Bill Tollrkéhis included developing the structwkthe seminars,

wrote the invitation letters, prepared the invitation lists as well as provided contacts of key people to be
invited to the local teamThe presentations of the seminars were compiled into al@Bddition

assistance was provided t@téngineering team in planning and organizing local visits to Gulu and

around KampalaThis included a fish farmer who had just obtained a loan to start constructing

ponds. Input from his farm will feed independently into study 2 and 4. GIS readings@f fish farms

that were taken under a previous GIS assessment study conducted by Nelly Isyagi and Maurice Ssebisubi
were made available to the engineering team to augment the data collected by the Ugantihgaeam.
additional data will help enhance thadibration of the impoundment citing and water catchments models.

Study 3: on the evaluation of cage culture production involved linking the local investigators with farmers
who had undertaken cage culture and sourcing inputs as well as their costsfiarctioly cagesMr.

Borel of Tende Innovation farm kindly offered to give second hand cages at a reduced costs as well as the
material for making floats for the cagéssistance was also provided to the Kajjansi team in sourcing

stock. Training materiaon cage culture for training the proposed farmers group has been compiled.

Study 4: Linked the local investigators to WAFICOS who in turn provided the Market and Profitability
assessment team with the list of farmers in the association as well aptitacts. A significant

proportion of the farmers interviewed for this study were members of WAFI@@Sistance was also
provided in the review of the questionnaire before its use in the field to ensure that the information
collected would encompass tessential economic factors affecting aquaculture enterprises in Ugainda.
addition, sourced a research assistant (Mr. Mbulameri who previously worked as an assistant in the
USAID FISH Project) with experience in aquaculture to participate in the teaducting the interviews

for the study.His participation has had a positive impact on the aquaculture data collected by the team.

Nelly Isyagi also participated the FAO ANAF meeting that was held between'thie 26" June, 2010
in Jinja with Joseph Maar, the lead Pl who gave a presentation on the GR&da project.
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The date of the O6Fourth Fish Far mers "Soyl#iposi um an
January, 2011 at Uganda Manufacturers Associations Ma#é.theme for the 2011 'FohrEish Farmers
Symposium and Trade Fair' is 'Viable Fish Farming'.

Presentations & Publications

Table V1. Presentations
Title Author(s) Type Event Location

NEW DIRECTIONS IN AQUACULTURE DEVELOPMENT IN

UGANDA: DEMONSTRATION AND TRAINING TO ADVANCE Joseph Molnar Oral WAS g?en o
A NASCENT INDUSTRY 9
WATER USE EFFICIENCY IN AQUACULTURE Claude Boyd Oral WAS giaer;:]o
PROSPECTS OF AQUACULTURE ENTERPRISES IN POVERT San
REDUCTION IN UGANDA Theodora Huhya ~ Oral  WAS Diego
AQUACULTURE POND CONSTRUCTIONSUIDELINES FOR San
SUSTAINABLE MICRO-WATERSHED DEVELOPMENT IN Levi Kisasira Oral WAS -
Diego
UGANDA
INTEGRATED FISH AND HALOPHYTE PRODUCTION:
EFFECTS OF SALINITY ON GROWTH AND OSMOTIC Khalid Sallie Oral  WAS San
ADJUSTMENT OF Salicornia bigelovii AND Allenrolfea Diego
occidentalis
UNDERSTANDING THE ROLE OF FISH PRODUCER Emily Stutzman Rural
ORGANIZATIONS AS INTERMEDIARIES FOR Jones and Joseph Oral Sociolgical Atlanta
AQUACULTURAL DEVELOPMENT IN UGANDA Molnar Society
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LEAD USUNIVERSITY : NORTH CAROLINA STATE UNIVERSITY

IMPROVED COST EFFECTIVENESS AND SUSTAINABILITY OF AQUACULTURE IN THE PHILIPPINES AND
INDONESIA

PROJECT SUMMARY
Aquaculture in the Philippines and Indonesia is a high food security priority particularly in the light of the
counties' rapidly growing populations and their continued dependence on fish protein. The incomes from
family farming, however, are generally poor with 43% of sreadlle tilapia farmers in Central Luzon,
Philippines falling below the poverty line. The diffitslocioeconomic 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. In Indonesia, a tsunami eliminated-shrimp
farms, andhe livelihoods of entire communities continue to rebuild. In this projedenelop and
implement strategies that will improve the cost effectiveness, sustainability and income opportunities of
farming fish in the Philippines and Indonesia and the sulesgdjwelihood of their people. A cluster of
integrated investigations assess key areas of research and outreach that form a natural extension of the
activities and accomplishments of the first phase of our AquaFish CRSP. We continue to develop
methods taeduce farming costs for tilapia and milkfish, conduct an extensive sapplg analyses to
specifically address the marketing opportunities and constraints of expanding tilapia products to reach
more lucrative retail supermarkets, assess the utilitytefyrative/polyculture systems to reduce
environmental impacts of farming fish while providing additional products for market and home
consumption, develop a series of short Tilapia Podcasts designed for disseminating current culture
practices and costaung strategies to the farming community of Central Luzon, and provide training on
the harvest and processing of seaweeds in the Philippines and Aceh region of Indonesia. The research and
outreach activities planned incorporate specialists from CentrahLStade University (CLSU) the
Southeast Asian Fisheries Development Center (SEAFDEC), Ujung Batee Aquaculture Center, North
Carolina State University (NCSU), University of Arizona, and the United States Department of
Commerce, their collaborators and themiing communities of the host countries. Nine workshops are
planned, as are a communrltgsed training program and the involvement of over 30 students.

Tilapia and milkfish are the two most prominent finfish cultured in the Philippines. They are ldictrop
species whose culture is expanding rapidly both in inland and coastal regions and in a more intensive
fashion. Feed is clearly one of the most costly aspects of fish farming, representing as much as 80% of
total production costs for tilapia and-80%for milkfish. Feed wastage and the escalating cost of

fishmeal in commercial diets contribute to this problem; sources are rapidly declining and demand
remains high. The project aims to improve management strategies and will deliver maféectise
formulations to reduce feed usage and costs. Controlling costs is a requisite to increasing income for
smallscale farmers, while also preserving the biodiversity of bait fisheries. Limiting nutrient load from
feed wastage will also help mitigate the enviremtal imprint of fish farming and promote its

sustainability. A series of studies reduce feed costs for tilapia farmers that incorporates a combination of
subsatiation feeding; decreases in feed formulation costs through reductions in crude proteiacamino
supplementation, and replacement of fishmeal with lower cost protein sources; and use of a cheaper
manufacturing process that uses pellet rather than extrusion processing. This aspect of our work features a
unique synergy between a Filipino feed camyp, CLSU and NCSU researchers, and Luzon farmers in

the Philippines.
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Additional studies to reduce ration levels and integrate seaweeds and sea cucumber in the culture of
milkfish limit feed inputs and reduce the ecological imprint of milkfish culturstehs in coastal regions

near where fish kills have been reported. Integrated milkfish culture systems may not only improve water
and sedimemjuality, but will benefit farmers' incomes through the delivery of additional marketable
seafood productSEAFDEC will introduce the integrated system to the farming communities, through
seasoflong training programs using their cages as a demonstration facility. The SEAFDEC training staff
and several of the seaweed farmers recruited for this project wilbbe which will foster and expand

the role of women in traditionally, mattominated fish farming. Additionally, the seasonal training

program will incorporate a workshop on the processing and production of value added milkfish products
geared toward wonmethat should allow for improvements in household incomes.

The need for improveduality tilapia seed is expected to triple over the next decade. To enhance
reliability and production of high quality seed and limit the risks of entry of new farmers,liwe wi

undertake studies to establish practical methods for selecting broodstock with high fecundity that can be
used by hatcheries in the Philippines and elsewhere. We will utilize appetite, eye color, and social
behavior patterns in tilapia to select broad&twith low susceptibility to stress and higher yield of

robust fry. This investigation should provide practical technologies for selecting individuals for breeding
programs as well as for pairings to improve seed production. We will also evaluategitg den

dependent stress and growth response of tilapia, and quantify hormones mediating the responses in hapa
and tank enclosures frequently used by a growing number of farmers that intensively culture tilapia in
the Philippines and USA. These studies buj@n our current effort to develop suitable biomarkers of
growth and stress that can be used to optimize conditions for tilapia culture, toward addressing the
USAID priority of establishing suitable biotechnologies for the advancement of aquaculture.

There is currently a strong desire to expand tilapia culture in the Philippines to meet the growing
demand for fish products in the domestic retail supermarket antbéakthains. Toward this goal we
are evaluating and developing an efficient tilapia suppbin to foster the development of viable fast
food and supermarket purchases of tilapia from ssalle producers. We anticipate that this work will
facilitate development of domestic tilapia markets that can expand tilapia farming, increase sales,
improve farm incomes, and increase small farmer participation.

In Indonesia and the Philippines, the polyculture of seaweeds in shrimp and fish ponds has proven to be
popular in several coastal communities based on our initial work in the first phase oltiegkgCRSP

project. In phase | (IP 2062009) we provided training on seaweed polyculture and several farming
communities embraced this new practice, but wish to learn more about how to handle and process the
seaweed produced. We will conduct a seriesakshops in communities of Aceh, Indonesia and the
Philippines to assist farmers on management, harvest and processing of seaweeds. We will assist farmers
on how to process their raw seaweed into more valuable semiprocessed forms for sale to comarercial ag
buyers and for use in making candy and desserts for local markets, the latter providing an option for home
businesses, especially those operated by women.

Finally, we will further develop Tilapia Podcasting, following our successful launch of thpdusast

at CLSU. This emerging technology is a powerful approach to information distribution that has been
met with considerable enthusiasm in the Philippines and the tilapia community. Following its recent
link to a trackable server at NCSU we found Huelcast was uploaded over 100 times in the past

month, alone. In the proposed studies we will train a CLSU student and produce 8 shontlidapda
podcasts with information on tilapia culture methodology, new production technologpasirst
feedingpractices, etc. These podcasts will be laid out on a CLSU, AquaFish CRSP, and NCSU website
where they will be fully accessible by Central Luzon farmers and the worldwide tilapia community.
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The longrange goals of our work will be to continue to tackledkeessive production costs associated

with commercial feeds in finfish aquaculture. We anticipate continuation of refinements of feed strategies
and formulations for tilapia and milkfish that should directly benefit farmers and their capacity to improve
incomes, including the production of value added "organic" products that might include algal enrichment
with omegas3 fatty acids. We also anticipate developing additional culture systems and methods to reduce
environmental impacts of fish farming, possibigluding integrative culture systems using bivalves and
water reuse technologies to limit nutrient outflow in waterways. The retail and export market demand for
tilapia and milkfish continue to grow, and we hope to develop the requirements and reconumgndat
needed for small farmers to sell products to domestic retail, and eventually export markets. This endeavor
has only begun, but may show the strongest promise for increasing incomes of farmers. Other areas of
research might include enhanced selectiemdting of tilapia for allmale production and production of
superior culture traits. Because of the wide popularity of tilapia we anticipate the management strategies
applied to its production in the Philippines will be applicable to addressing similsiraimts in other
underdeveloped countries in Africa, Asia, and Central/South America. Our contributiecsuse of

continued publication in respectable international journals and our podcasting-ediferigely to reach

far beyond the Southeast Asiregion. We feel, once the management strategies and research capabilities
for sustaining and expanding agquaculture are established that our mission will have been completed.

PROJECT PERSONNEL

Central Luzon State University, Philippines SEAFDEC-AQD, Philippines

Remedios BBoalivar - HC Lead PI Evelyn Grace TDe JesusAyson HC CoPlI
Wilfred Jamandre- HC Investigator Felix G.Ayson HC Investigator
Emmanuel MVera Cruz- HC Investigator NelsonGolez HC Investigator

Anicia Hurtado- HC Investigator
Institute of Fish Processing Technology, College Maria RovillaLuhan- HC Investigator
of Fisheries, University of the Philippines at the

Visayas Ujung Batee Aquaculture Center, Banda Aceh,
Rose TMueda- HC Collaborator Indonesia

HassarHasanuddin- HC CoPI
North Carolina State University CocoKokarkin - HC Investigator
RussellBorski- US Lead PI
Peter RFerket- US Investigator University of Arizona
UptonHatch- US Investigator Kevin Fitzsimmons US CoPI

Charles RStark- US Investigator
US Department of CommerceNOAA
ChristopheBrown- US CcPI

INVESTIGATION PROGRESSREPORTS
Printed as submitted by Russell Borski, US Lead PI

09SFTO4NC- Feeding and Feed Formulation Strategies to Reduce Production Costs of Tilapia

Culture

A growouttrial was initiated to evaluate the effect of high and lower crude protein in commercial feeds
with or without pond fertilization on performance of Nile tilapldowever, a delay in receiving

formulated feeds from our industry cooperator, Santeh feegaayrof the Philippines, following the

initial stocking of fingerlings in ponds precluded our completing the stidibnetheless, we improvised

by conducting a supplementary study with the stocked fish that evaluated the effects of a combined feed
reductian on growout of tilapia using commercial feed in fertilized por@dar previous work shows that

67% subsatiation feeding produces growth rates identical to that of fish fed daily at full feeding levels and
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significantly improves production efficiency dlfapia growout in the PhilippinesiVe also show that
alternate day full feeding and 50% daily subsatiation feeding strategies further reduce costs of tilapia
growout, although the total biomass of fish is was lower than that of fish fed daily at ful. rati
Therefore, we tested a combined feeding strategy to evaluate whether a 67% subsatiation feeding
combined with alternate day or 50% reduced feeding could reduce costs with little impact on total
biomass produced.The treatments were as follows: TreatthlT 67% daily feeding until harvest;
Treatment |- 67% daily feeding for 60 days, 50% daily feeding until harvest; and TreatmeB{7b

daily feeding for 60 days, 100% alternate day feeding until harvest. Overdag2ilture period the
growth offish and other production parameters (final body size, growth rate, feed conversion) were
similar among the 3 treatment groupsowever, total biomass at harvest was highest in treatment |
fish. This difference is due to the higher survival rates iattnent | (46.9%) than in treatment Il (29.3%)
and treatment Il (27.7%), although survivorship was generally low among all groups likely due to the
high temperatures experienced over the culture pefetrall, this study shows that it is more profitable
to grow fish using the daily 67% subsatiation feeding strategy alone than that, which incorporates this
combined with 100% alternate day or daily 50% subsatiation feedigarly, when used alone 67%
subsatiation, 50% subsatiation and 100% alterdagdeeding are all effective in reducing production
costs of tilapia compared with the recommended typical 100% daily feeding schedule.

For a second study, we have initiated the formulations of low (26%) and high (31%) protein diets with
and without fishmal to ascertain if a more sustainable and less costly diet could be used in combination
with subsatiation feeding in further reducing the costs of culturing tilapia in ponds.

09QSDO1NG Nile Tilapia Broodstock Selection, Seed Quality and DenditgpendeniGrowth in the

Philippines

The first study aims to investigate whether the outcomes of competition for social dominance among Nile
tilapia (Oreochromis niloticusindividuals can be predicted by evaluating the duration of appetite

inhibition after transfeto isolation. In addition, it also investigates if eye color pattern (ECP) is related to

the duration of behavioral stress response such as appetite inhifiitiertoncept is to enable the

selection of those broodstock that show dominance and helhdmvwe and convey reproductive
advantagesPhysical and behavioral markers such as eye color pattern (ECP) and appetite, respectively,
are features that could be easily assessed by hatchery operators in selecting the best mating pairs for seed
production

Fifty-four all male tilapia of similar sizes, were individually weighed and isolated at random and
introduced to aquaria (1 fish per aquarium) for ten day® time before first acceptance of food during

the first day of isolation was monitored for bdish. Feeding behavior during the entire isolation period
was quantified by assigning corresponding scores for a particular feeding behavior as folknose,

fish does not react or eat the feed; 1 score, fish eat only pellets that are direictlygnitof them and do

not move to consume feed; 2 score, fish moves to consume food, but comes back to its original aquaria
location between each feeding; and 3 score, fish continuously consume all food pellets in the aquarium.
These data (i.e. weight dmluration of inhibition of feeding) were used for the assignment of the

opposing fish, in which the two opposing fish had similar weights and one of the opponent fish had longer
period of appetite suppression than the otfiring the isolation periodhe ECP of the fish was also
measured (based on Volpato et al., 200@)e fish were fed, once a day, at 1% of the body

weight. Immediately after the isolation period the fish were paired and introduced to a new aquarium, to
ensure that there is no famaility with home location.The period from time of the introduction of the fish

up to the time of first agonistic attack, the total number of agonistic attacks during the interaction, the
duration of social interaction before establishment of socialsstatd changes in ECPs was monitored

and recordedAfter establishment of social rank the pair of fish were stocked in one aquarium separated
by a divider. Twentyfour hours after the establishment of social hierarchy, the ECPs and individual body
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weightof the fish were measuredvery morning the division of the aquarium was removed for ten
minutes and the social interaction of the fish was observed. After the interaction, all fish were then fed to
satiation once daily and after 14 days of pairing, B@& body weight of each fish were measuréen
dominant and subordinate fish were collected for quantification of hepatit a&¢ording to our

previously described method3otal RNA from the liver of 20 sample fish was purified, DNAse treated

to remare any possible genomic DNA contamination and quanitified and quantified for future IGF

MRNA analyses.

The remaining dominant and subordinate groups were each divided into three and are being cultured in
net enclosures for two and a half months to @ats the growth performance. Eye color pattern, and

duration of social interaction and social response are being assessed using linear regression and Pearson
correlation coefficient.

A second study to assess the effect of broodfish potential social conalitiseed production of Nile
tilapia (wet season) has been designed and initiated.

For the fourth study that evaluates densigpendent effects on growth and stress response, assays for
plasma cortisol and tissue glucocorticoid (cortisol) receptor almeedaere established and validated for
tilapia species.

09TAPO2NC- Internet-Based Podcasting: Extension Modules for Farming Tilapia in the Philippines

We proposed to further develop Tilapia Podcasting, following our successful launch of the first ppdcast
Central Luzon State University (CLSU)This emerging technology is a powerful approach to

information distribution that has been met with considerable enthusiasm in the Philippines and the tilapia
community. To this end, we have completed the protucof several new podcast modules on tilapia
culture. A North Carolina State University (NCSU) undergraduate, Katrina Jiamachello (a Caldwell
Scholar) and a CLSU graduate student (Roberto Sayco) were trained in podcasting at North Carolina
State Univery over a twelveweek period. We produced 6 extension podcasts that conveyed feeding
practices demonstrated to reduce costs for growout of Nile til&uiar of the podcasts are produced in

the English language and two others were modified and tradsf#bo Tagalog, the primary Filippino
language.The podcasts include the following subjects:

1) Alternateday feeding strategy for reducing costs of Nile tilapia growout in the Philippines
(English)

2) Pagaaral sa pagpapakain na may isang araw na pagitag oggrababa ang gastos sa
pagpapalaki ng tilapia sa Pilipinas (tagalog) (English translation: Altedagtéeeding strategy
for reducing costs of Nile tilapia growout in the Philippines)

3) A 67% subsatiation feeding strategy for reducing costs of Niledil@powout in the Philippines
(english)

4) Evaluation of 50% daily feed ration levels versus full daily feed ration efarmn growout of
Nile tilapia in earthen ponds (english)

5) Pagaaral sa aravaraw na pagpapakain gamit ang kalahati at buong rasyon ng pakilapia
(tagalog). (English translation: Evaluation of 50% daily feed ration levels versus full daily feed
ration on orfarm growout of Nile tilapia in earthen ponds)

6) Delayed onset of supplemental feeding reduces the cost for growout of Nile tilgyaiads.

The podcasts produced were configured with photographic images depicting tilapia culture in the
Philippines, in order to maintain a high level of familiarity and comfort for the farmers in that\&eea.
also provided figures, tables and graphs»gderimental outlines, growout data and dostefit analyses
S0 podcast users could see the methodology and advantages of different feeding practices in reducing
production costs of tilapia culture in earthen pond$ie podcasts have been sent outéeiew and will
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be uploaded shortly to the CLSU Fisheries and Aquaculture and AquaFish CRSP websites, as well as at
the NCSU iTunesU site where hits, downloads, and other data for podcasts will be collEogse.

websites will allow the internationalgearch, extension, and farming communities full access of
information that directly benefit the tilapia aquaculture industry in the Philippines and other regions of the
world.

09MERO3NC- Improving Supply Chain Opportunities for Tilapia in the Philippines

Tilapia culture has been well established in the Philippines as a viable agricultural enterprise and is

readily available in local fish markets and grocery stores in a wide variety of product fBnegroject

goal is to investigate opportunities for thuer industry expansiorf-rom the marketing side, identify and

analyze new opportunities; and from the production side, use the experience of research and extension
professionals to recommend potential awil ustments
facilitate market expansion.

Drs. Wilfred Jamandre and Upton Hatch initiated data collection and interviews in early 2010 and Hatch
traveled incountry in August, 2010.Information was collected through interviews and focused group

discussion on miieting and production technologies, arrangement, requirements and

performance.Jamandre and Cruz (MS student) plan to complete data collection in winter Q0.

completion of data collection, Hatch will return to CLSU to work with Jamandre and €carrplete

data analysisSt udy results will provide the basis -for Cr
advisor with Jamandre.

At project midpoint, Jamandre and Hatch have identified several issues that constrain the expansion of
tilapia cdture that they will investigate further and discuss with tilapia research, extension and
government professional§.hese observations focus on market improvements, expansion of private
specialized hatcheries, and research priorities on brackish waterefficiencies, and larger fish size.

Several marketing refinements have been noted: saturate national market first and establish government
certification of feed quality and standardized weighithe next stage should focus on provision of larger

fish size, standardized, high quality fish for large urban marketing outiétsement of fish through the
supply chain nodes of Pampanga, Daguyan, Batangus, Baguio and Munoz appears to reflect market
maturity and continues to develop along expected linesl Eatent is often not clearly specified on the

bag; consequently, many farmers have no confidence in feed quilitylar complaints related to
standardization of weight of fish that were being sold at pond bank were frequently expressed.

In most succedful aquaculture industries worldwide, development of specialized private hatcheries is a
key step in its evolution toward expanded commercial viabiitgnefits from theseperations range

from more efficient use of improved genetic strains and poruires to greater ability to expand market
opportunities.

Future directions in tilapia research, extension and government priorities should focus on brackish water,
larger size, and pond management efficien€pmpetition of freshwater resources for aguate and

human use should convince researchers and government officials that a portion of the research portfolio
should be directed at improvements in brackish water systissclear that larger individual fish size is

a primary characteristic highlvalued by consumers and supply chain buyers for super maléds? 6 s

for the several market supply chains identified in the project would be a useful addition to extension
information for farmersT hat i s, di fferent BMPOdbedewlopedl on t ar ge

There are definite times during the year when supply is less dependable for the supply
chain. Explanations have centered on market reasons related to periods just after high demand and price
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market windows and production constraints relatefish kills caused by extreme water
temperaturesinterviews with producers tended to indicate th&thonths of down time was

common. CLSU extension specialists should investigate the reasons for thepeautuative periods and
work with researchs to address this inefficiency.

09MNEO2NC- Ration Reduction, Integrated Multitrophic Aquaculture (milkfisiseaweeeea

cucumber) and ValueAdded Products to Improve Incomes and Reduce the Ecological Footprint of
Milkfish Culture in the Philippines

We have shown in previous experiments that reductions in the daily feeding rate from 10% to 7.5% of
fish biomass during the initial phase of culture, followed by prescribed reductions in rate to 4% of body
weight towards harvest, produces milkfish of comparhbly size, but with less feed input. Likewise we
showed in tanks and brackishwater ponds that feeding milkfish at the initial reduced feeding rate of 7.5%
body weight on alternate days rather than daily saves almost 50% on feed costs with minimai effect o
growth, survival or total biomass at harvest. Therefore, we tested the effects of alternate day versus daily
feeding at the reduced feeding rate of 7.5% on production of milkfish in marine cages, the fastest growing
component milkfish culture in the Pigipines. Results show that survival rate and total biomass at harvest
were comparable between the two treatmeRtgther, feed consumption, feed cost and FCR were higher

in daily fed fish compared to alternate day fed orle=vels of water and sedimenquiality indicators

(sulphide, phosphorus and ammonia) were also lower in production areas using lower feed inputs and
these parameters were closely related to the intensity of aquaculture adthée results indicate that

the twin objectives of loweng production cost by lowering feed inputs and reducing the environmental
footprint of milkfish aquaculture are attainable.

From these results, milkfish production trials will be conducted integrating culture of seaweeds and sea
cucumber as additional crephat would bring supplemental income to farmers while simultaneously
lowering the environmental impacts of milkfish farming with the idea that seaweeds will absorb some of
the dissolved nutrients while sea cucumber will partially clean up the sedivgmediminary

experiment was conducted to test the feasibility of integrated culture of milkfish and sea
cucumber.However, sea cucumbers were preyed on by parrotfish and other predators in the

area. Currently, fish are being conditioned for the nextexment on integrated culture of milkfish,
seaweeds and sea cucumber using a different design i.e. culturing the sea cucumbers inside (bottom) of
the milkfish cage.A parallel experiment will also be conducted in brackishwater ponds.

As another componetd this investigation we have made arrangements for integrating capacity building
on integrated culture in an ongoing seakmry milkfish culture training for 4 fishers organizations from
different coastal villages in Guimaras, Philippines.

Additional acivities have targeted participation of women toward improvement of household livelihoods
centered on milkfish cultureThrough a series of workshops, women from two coastal villages in

Tigbauan, lloilo and 4 coastal communities in Guimaras were trainatlkfish postharvest procedures

like deboning in order for them to make value added milkfish products and get better prices for

milkfish. This could be a staralone business opportunity or could be linked as a downstream activity in

an integrated milk&h production system. To this end, women from the Guimaras communities also are
being assisted in setting up a small business by linking up with a microfinance company as a development
partner.

Other activities include corganizing the FAO Experts Workghon Onfarm Feeds and Feeding for
Aquaculture which was held last 235 SeptemberThe workshop highlighted case studies on feeding
practices for tilapia, carps, catfishes, and white shrimp in the Philippines, Thailand, Vietnam and other
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countries in thélekong area, Indonesia, China, Bangladesh and India and Africa focusing mostly on
smaltscale and smaholder aquaculture.

09FSV02NC- Demonstration of Sustainable Seaweed Culture and Processing in Aceh, Indonesia and
the Philippines- Opportunitiesfor Women to Improve Household Welfare

Visits to Aceh were made in early April 2010 to meet with Indonesian partners, Hasanuddin and Coco, to
review project progress and plangarm sites were visited and seaweed production with demonstration
farmers wa discussed.Several demonstration racks were constructed for the communities of Aceh to
promote the proper harvest and drying of seaweed.

Upton Hatch from North Carolina State and Sidrotun Naim (Graduate student from Arizona) met in

Banda Aceh to condt interviews with farmers and Ujung Batee staff to evaluate the impacts of seaweed
culture as part of the integrated polyculture system promoted to the former shrimp farmers in the

region. The evaluation and results are part of the submitted trip repdntecommendations include

some of the activities outlined in this investigation. Overall, the report concludes that seaweed polyculture
has an excellent opportunity to be incorporated into and provide several important benefits to the existing
aquacultue system.However, some marketing and production constraints need to be addressed before
the potential can be fully realize@his includes additional training on handling and drying seaweeds.
Training workshops regarding proper harvesting, handlingdayidg of red seaweeds for the region are
currently being planned and implementekh additional recommendation is that financial support for
purchase of drying racks for farmers who have had successful harvests using seaweed polyculture system
would beuseful. Although demonstraticdrying racks for seaweed have been built through this project,
additional, larger units will be required to produce the quantities of seaweed needed for wholesale
distribution. Other recommendations sugge): market oppdunities be improved through

establishment of certification process and facilitation of selling seaweed through forward contracting
between farmer and production plant; 2) support for applied research and extension on understanding the
relationship betwagewhite spot virus and other crops in polyculture system (tilapia, milkfish, and

seaweed); and, 3) support for applied research and extension on understanding the relationship between
odor and crops in polyculture system (tilapia, shrimp, milkfish, andeed).

Naim also delivered textbooks for Hasanuddin needed for his Master's degree program at University in
Banda Aceh.

Photoin Band Acehcourtesy of Russell Borski
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LEAD USUNIVERSITY : PURDUEUNIVERSITY

IMPROVING COMPETITIVENESS OF AFRICAN AQUACULTURE THROUGH CAPACITY BUILDING ,
IMPROVED TECHNOLOGY , AND MANAGEMENT OF SUPPLY CHAIN AND NATURAL RESOURCES

PROJECT SUMMARY
The overall goal of this continuation project is to develop physical and human capacity for the
aquaculture industry in se®ahara Africa through new and better technology of fish production, better
management of theatural resources, development of indigenous species, and responding
appropriately to market demands for fish products. Results from the various investigations will help to
vitalize rural aguaculture entrepreneurship by providing capacity and openingrgeramarket for
rural aquaculture producers. They will also help to provide additional employment and income
generation that will create demand for other products and thus support the growth of other rural
economic activities.

Individual investigationsncluded in this project build on and add value to currently funded AquaFish
CRSP studies. In Kenya, past CRSP research studies suggests a strong production focus, leaving many
fish consumer and marketing questions unanswered. Therefore, an investgyattnded to consumer
preferences and developing linkages between fish consumers and production with the development of a
Farmed Fish Market Information System in Kenya. A second study in Kenya looks at fish feeding
efficiencies to enhance productivity@pen ponds. The integrated system being examined will allow

open pond water to utilize cage wastes as fertilizers, generating natural food in the pond. This is an
environmentally friendly technology that permits less waste nutrients to be releasegublibevater

systems.

In Tanzania, we are building on the current nutrition study by developing fish feeding strategies for
local protein sources in Tanzania. The current research has revealed that Leucaena leucocephala leaf
meal and Moringa oleifera leafeal can replace up to 25% of soymeal as protein sources and still

obtain good growth. Therefore, an experiment will be conducted to test the effects of different diets and
feeding regimes on growth performance of Nile tilapia. In addition, there walhbevestigation to

compare the performance (growth rate, survival, feed conversion ratio and mature body size) of five
different strains of Nile tilapia (Oreochromis niloticus) that has proliferated the industry. There is a
need for bigprospecting for vdous species of tilapia to identify the species better suited for

aquaculture in Tanzania.

In Ghana, cage culture is becoming popular with several-millton investments into the technology

in the Volta Lake. Many small scale farmers are lookingtimotechnology of cage aquaculture. The

only species being farmed in these cages is tilapia. There is concern about the market price and the
viability of smallscale tilapia producers given the trends towards industry type tilapia production.
Therefore, oa study will look at the opportunities and challenges to the adoption of cage culture as an
alternative production system in Ghana, while a second study examines the development of alternative
species with emphasis on indigenes to provide guaranteestggasistial biodiversity degradation

that could result from unbridled spread of aquaculture species. Numerous opportunities exist for the
development of new species and expansion of the variety of production systems in Ghana to provide a
safety net and aess to new markets for smaltale aquaculture producers.
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Women in Fishing Industry Project, Kenya
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INVESTIGATION PROGRESSREPORTS
Printed as submitted by Kwamena Quagrainie, US Lead PI

09MERO02PU- Value Chain Development for Tilapia and Catfish Products: Opportunities for Women
Participation

Data collection for the first component of this stuilyolving consumer preferences is completed. Over
1,600 responses have been obtained fromdimsumers in Kenya, Tanzania and Ghana.stliheey
instrumentolicitedi nf or mat i on o ndemograpkicfeatunegerderaldish cansumption
partterns, specificonsumption of tilapia and catfish, and a choice experiment specifically foatilapi
products. The data is currently being analyzed.

The second component of this study involving women participation in the fish value has started with a
review of the relevant literature. The study witbvide information orstrategic challenges that the

Kenyan aquaculture industry facesth a focus on value addition and value capture opportunities in
farmed tilapia and catfish in a bid to determine the necessary strategic opportunities and value addition
options along the fish marketing chain for women.

09SFTO2PU- Assessment of Integrated Por@age System for the Production of Nile Tilapia to
Improve the Livelihood of SmalScale Fish Farmers in Kenya

The study is in progres€ages have been stocked with fish and the first sampling and recordeg of d
will be donein October.

09SFTO5PU- Development of Feeding Strategies for Moringa oleifera and Leucaena leucocephala as
Protein Sources in Tilapia Diets

Work hasbegunon this project. Feed materials are being gathered and prepared for the fiéaiding
student recruited at University of Arkansas at Pine Btuffurrentlyworking out some logistics related to
feeding and stripping of fish, obtainifigh yield, and the maximum number of times fish can be stripped
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per week without stressing thish. Fishare beingsorted,sexing larger fish tprepare for the digestbility
trialson Moringa oleifera and Leucaena leucocephala.

09QSD04PU- Performance Evaluation of Different Tilapia Strains and Species in Tanzania

Various institutions have beepmtacted about sourcing different strains of tilapia. Production facilities at
Sokoine University are currently being prepared for the study. A student has been identified to work on
this investigation.

09TAPO04PU- Harnessing Opportunities and Overcomir@onstraints to Widespread Adoption of Cage
Aquaculture in Ghana

About 90% of targeted questionnaire surveys argkison interviews have been completed. Participants
have included both current and potential cage fish farmers, regional fisheries officers in the Eastern and
Volta regions, officials of the head office of the Fisheries Commission, the Aquaculture Development
Research Center of the Water Research Instituté heads of financial institutions. The return rate of
responses to questionnaires was very high but we are still expecting about 10% of the distributed
guestionnaires. We had the most difficulty obtaining the needed data from financial instit@iens.
surprising observation of the summer field work was a higher level of cage culture activities on the Volta
Lake than had been anticipated. It appeared many farmers had entered the cage culture industry in the past
two to three years. Sustainability bkEtsmaHlscale cage culture industry, especially as related to
knowledge of technology, affordability of high quality feeds, and the veptality of the lake

environment are emerging questions.

09INDO6PU - Development and Diversification of Species for Aquaculture in Ghana

Literature has been reviewed on the ecological and life history of the species

(Heterotisniloticus, Chrysichthyshigrodigitatus andParachannaobscurg and also their native

distribution. A survey has also been conducted to obtain information (anecdotal) from fish farmers, in
the Ashanti and Eastern regions (where most fish farmers can be found), who have the species on their
farms and fishermen who are mainly the suppliéngarent stock or fingerlings from the natural waters.
Juveniles of the three fish species have been acquired and are being held in happas before the
experimentsH.niloticus (220 fingerlings) and. nigrodigitatus(200 fingerlings) were obtained from

farms in Akuse and WRARDEC.

H. NiloticusandC. nigrodigitatuswere fed a formulated feed and a commercial feed (Ranan fish feed)
and the acceptance was good. Feed intake will be assessed during the growth trial. Digestibility of the
experimental diets Wibe conducted after the growth trial. Proximate analysis of feed ingredients has
been done and feed formulation and preparation are in progress.

Trainingin advanceexperimentatlesign,datamanagemengndanalysisfor ma s t level §iuslents
associatd with AquaFishprojectstaff, andfisheries officers of the Ministry of Agriculture Fisheries
Directorate was conducted in July-28.

09TAPO7PU- Effects of ACRSP and AquaFish CRSP Initiatives and Activities on Aquaculture
Development in Kenya
This sudy has nobegun A student is currently being recruited to work on the study.

09QSDO5PU- Training Program in Propagation and Hatchery Management of tilapia (Oreochromis
niloticus) and catfish (Clarias gariepinus) in Ghana

Fourplanning meetings havekian place in Ghana involving all the project personnel. The two training
venues have been identified and tentative dates set for the training. The first training will be held in
December at the Water Research Institute's aquactdiciliéy at Akosombo, Gana. The second training
will be held in May/June at Kwame Nkrumah University of Science and Technology aquaculture facility
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in Kumasi, Ghana. The training is currently being publicized through the various aquaculture
associations. Project personnel haegunregistering attendees.

PRESENTATIONS & PUBLICATIONS
TableVI-4. Presentations

Title Author(s) Type Event Location

USE OF Moringa oleiferdND Leucaena Sebastian W. Chenyambuga,

Margaret M. Kibodya, Berno V. San
leucocephala TO IMPROVE COST - -
EFFICIENCIES IN TILAPIA Oreochromis Mnembuka, Kajitanus O. Osewe Oral Aquaculture 2010 Dlego, _

Rebecca Lochmann and California

niloticus FEED -
Kwamena Quagrainie

FISH AND MACROINVERTEBRATE

Yaw Ansah, Emmanuel San
ASSEMBLAGES IN RECEIVING Frimpong, Steve Amisah and Oral  Aquaculture 2010 Diego,
STREAMS IN THE VICINITY OF Gifty AnaneTaabeah California
EARTHEN PONDS IN GHANA y
RELATIONSHIP AMONG MANAGEMENT San

PRACTICES, POND WATER QUALITY, Emmanuel Frnpong, Steve
AND RECEIVING STREAM INTEGRITY Amisah and Yaw Ansah
IN CENTRAL GHANA

Oral  Aquaculture 2010 Diego,
California

POTENTIAL EFFLUENT QUALITY AND

MICROBIAL LEVELS IN EARTHEN Yaw Ansah, Emmanuel Frimpon o o o0 gfg‘ o
PONDS AND RECEIVING STREAMS OF  and Steve Amisah q Cali?‘ania
CENTRAL GHANA
MARKETING FARMED FISH IN KENYA:  Charles C. Ngugiand Judith M. -~ 5 . o0 o gfg‘ o
OPPORTUNITIES AND CHALLENGES Amadiva q 90,
California
EFFICIENT POND DESIGN STRATEGIES Charles C. Ngugi and Kwamena oral  Adquaculture 2010 S?en o
FOR A VARIETY OF ENVIRONMENTS Quagrainie q 90,
California
HETEROGENEOUS PREFERENCES AND san
CONSUMER PURCHASE BEHAVIOR IN Kwamena Quagrainie Oral Aguaculture 2010 Diego
THE NORTH CENTRAL LIVE FISH 9 q 90,
MARKET California

TableVI-5. Publications

Quagrainie, K.K., C.C. Ngugi, and S. Ajsdalsfsln
far mer s AguacltwelltanationalPublished online at
http://www.springerlink.com/content/32052u1u36436471/

Quagrainie, K. K., S. Ami sah, and C. C.-Sddlgkistp i
Far mer s: T h e AQGuaculure Rdéseafgch #0a2009: 1514522.

Amisah, S.,D. AdieBoat eng, K. A. Obi ri kor addamaipedn HeavK
metal accumulation in whole soft tissues of Galatea paradoxa (born, 1778) from the Volta es
G h a nlaternational Journal of Fisheries and Aquacultufg2) 2009: 014921.

Amisah, S. A.B. Gyampoh, P. Saifitensah, and K.K. Quaagri ni e. #ALi veli hood
Cli mate Change in Forest Fri nge J@opmScubEnviron.
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Manage 13(2) 2009: 5 15.

Adiei-rBoat eng, D. , S. Ami sah, and K. K. Q reslymvater i
clam (Gal atea paradoxa/ bor n African 8yurnafof om t h
Microbiology Research3(7) 2009: 39699.

ChepkirutBoit, V., Ngugi, C.C., Bowman,J., Oya@dkoth, E., Rasowo, J., Mugdundi,J. and Cherop,
L. Growth performace, survival, feed utilization and nutrient utilization of African catfStaias
gariepinug larvae cefed Artemiaand a micrediet containing freshwater atyid shringgridina
nilotica) during weaning. Aquaculture NutritioR010: 18
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LEAD USUNIVERSITY : UNIVERSITY OF ARIZONA

DEVELOPING SUSTAINABLE AQUACULTURE FOR COASTAL AND TILAPIA SYSTEMS IN THE AMERICAS

PROJECT SUMMARY
The aquaculture industry in Central and South America is dominated by shrimp and tilapia culture.
While these industrielsave generated thousands of jobs, millions of dollars of exports and improved
household nutrition, we feel that great strides can be made to make aquaculture more sustainable and
profitable in the region. We believe that through the use of polyculturesstimation of native species,
and integration of aquaculture with agriculture, aquaculture can produce fewer environmental
externalities while at the same time improving production efficiencies and increasing profits.

The team from Mexico, Guyana and tbeiversity of Arizona feel that we have made solid progress in

the first phase to address these issues and expect to build upon these successes. We believe that we can
further expand our outreach to additional audiences, further improve the skills oivihbsse worked

with in the first phase, and conduct additional trials to develop more cost effective diets, improve
environmental sustainability of aquaculture in Mexico and Guyana, and raise the profile of the AquaFish
CRSP and URAID as critical supposrs of sustainable aquaculture in these countries.

In the first phase of the Developing Sustainable Aquaculture for Coastal and Tilapia Systems in the
Americas project our group had several notable achievements. Advances were reported on the
reproductivebiology of the snook. With captive broodstocks and induced spawning, we hope to
eventually have the capability of stock enhancement and replenishing the overfished stocks of snook in
the Gulf of Mexico. The advances in husbandry of two native cichlid§,ehkuayaca (P. splendida) and
Castarrica (C. urophthalmus), are equally impressive. The potential that both of these fishes could be
restocked and domesticated as food fish are well on the way to fruition with captive spawning and
transfer of the technigs to the private sector. The problem of hormone residues escaping from
hatcheries using methyltestosterone, was addressed with directed bacterial degradation and through the
use of titanium dioxide. In Guyana, a number for locally available ingredienésexamined for use in

fish diets. The proximate and mineral analyses allowed us to develegffsasive practical diets for use

on local farms. The experimental diets are now being tested with replicated trials of fingerlings and adult
fish.

The outreah portion of the project has been equally successful. The Eighth International Symposium on
Tilapia in Aquaculture had over 500 participants and the Ninth ISTA to be held in Shanghai China should
have over 1000 participants, including many of our Aqua€idleagues. The number of training

sessions, workshops, field days, conference sessions and presentations and symposia completed exceeded
our expectations and we hope to further that success. An intern program between Mexican universities

and US tilapiadrmers proved to be especially useful for almost a dozen interns and the US and Mexican
tilapia farms. We expect to also direct our workshops and training efforts to serve women to increase

their participation in aquaculture and preparation of healthyedaf

Our projectaddresseseveral critical issues of special concern to aquaculture producers in Mexico and
Guyana. One is the use of locally produced protein sources for the replacefigmnedlin tilapia,

pacu and shrimp diets. Another is the mamagnt of YY supermale and GIFT strain tilapia stocks. In
both cases the project will assist by providing nucleus breeding centers and support for pedigreed
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selective breeding programs. We will also evaluate these strains with others already availahle to lo
growers.

The integrated aquaculture and agriculture (hydroponics, vegetables, and field crop culture) research has
garnered enormous interest. Several groups have requested collaborations ranging from small farmer
cooperatives, to government agen¢iddFAP, EPA), NGO's (Farmer to Farmer, Partners of the

Americas), the Peanut CRSP, and even the investment firm Goldman Sachs. Integrated aguaculture
agriculture may be one of the most long lasting contributions of the project. Demonstration and research
result supported outreach could help the Western Hemisphere aguaculture producers develop an
industrial version of the smadicale integrated fish, rice, and vegetable production common across

eastern and southern Asia. This could contribute to a quamgypnicsward in productivity and

sustainability, vastly improving the quantity, quality, and profitability of both crops and seafood.

Increased farm efficiency and training in handling of aquaculture products should improve household
nutrition, income andwerall welfare. These improvements in the welfare of the rural poor will help both
the residents of the host country and reduce the need for citizens of the host countries to migrate to other
countries in search of improved circumstances.

PROJECT PERSONNEL

Delaware State University
DennisMcintosh- US Collaborator

Department of Fisheries, Guyana
PamilaRamotar- HC CoPI
Vivek Joshi HC Investigator

Shanghai Ocean University, China
TingTing Zhou- HC Collaborator
Liping Liu- HC Collaborator

Texas Tech UniversityLubbock
ReynaldoPatino- US CcPI

University of Guyana
Lawrencel.ewis- HC Collaborator

Fish Farmacy
Jason DLicamele- US Collaborator

Universidad Autonoma de Tamaulipas, Mexico
PabloGonzalezAlanis- HC CoPI
Mauricio A. Ondarza- HC Investigator

Universidad Juarez Autonoma de Tabasco,
Mexico

Wilfrido Contreras-Sanchez HC Lead PI
Alfonso Alvarez-Gonzalez HC Investigator
Mario FERhandezPerez HC Investigator
Arlette Hernandez Franyutti- HC Investigator
UlisesHernandezVidal- HC Investigator
GabrielMarquez Couturier - HC Investigator
Rosa Marth@adron-Lopez- HC Investigator
SalomonParamo Delgadillo HC Investigator

University of Arizona
Kevin Fitzsimmons US Lead PI
EdwardGlenn- US Investigator

Shrimp Improvements Systems
TraciHolstein- US Collaborator

INVESTIGATION PROGRESSREPORTS
Printed as submitted by Kevin Fitzsimmons, US Lead PI

09TAPO1UA- Agquaculture & Fisheries CRSP Sponsorship of the Ninth International Symposium on

Tilapia in Aquaculture to beheld in Shanghai, China

Fitzsimmons traveled to Shanghai in June 2010 to meet with other conference organizers at the Shanghai
Ocean University. We outlined the program, visited the conference hotels, developed the plans for the
trade show, discussed thanting options, reviewed the websites, and toured the meeting rooms and trade
show spaceFitzsimmons also met with Liping Liu in Phuket Thailand on Sept 22 and 23 to futher
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discuss the ISTA 9 plansFitz also developed plans for Intervet SP to jbie conference as a Gold
Sponsor with a $10,000 contribution.

The call for papers has been prepared and will be distributed at conferences in Kuala Lumpur and China
in October and November.

09SFTO3UA- Expansion of Tilapia and Indigenous Fish Aquaculture in Guyana: Opportunities for
Women

Ramotar came to visit Arizona in March 2010 to discuss project progress and to observe facilities and
practices at University of ArizonaShe also visitethe campus and bagan application proceedures

for MS program at Arizona.

In August Fitzsimmons and Licamele traveled to Guyana to meet with Aquaculture staff at the Ministry
of Agricultureand discuss project progresg&itzsimmons also presented a guesture at the University

of Guyana and prepared an MOU between University of Guyana and University of AriZone.

faculty member has since requested to spend his sabbatical at Arizona.

A three day workshop was then held at Bina Hill, near Anndegion 9. This workshop was directed
towards the indigenous Amerindian community in the inland region of GuyEraworkshop focused

on production of native species and included capture and feeding of broodstocks, pond construction and
maintenance, pparation of local ingredients for a fish diet, formulation and manufacturgeddients

into a diet. We also discussed harvest, processing and marketing of the locally grown fish to nearby,
domestic, and even interantional markd®epresentatives fromany villages were invited and hosted to
attend the workshopsThe representatives will serve as trainers to extend the information with their
respective village members.

The final two days were spent trying to develop processing, shipping and irdeahatéarkets for farmed
fish and shrimp from Guyana to seafood markets in Trinidad and Florida.

Have alsa@ontinued working with Pamila to get her accepted into Master's program at University of
Arizona with tentative start date 4fJan 2011.

09QSDO02UA- Sustainable Integrated Tilapia Aquaculture: Aquaponics and Evaluation of Fingerling
Quiality in Tabasco, Mexico

A demonstration project has been started in the village of GueriEne.village is in the mountains of
southern Tabasco and cannot be reddby road. Two suspension walking bridges are used to get all
materials to the communityAn integrated fish and vegetable project is expected to improve nutrition and
wlefare for several of the families in the villageish tanks and plumbing haveeddy been walked in

and assembled on site.

Two workshops with farm visits were conducted in August and Sept of 2ZHdfirst workshop, led by

Dr. Dennis Mclintosh from Delaware State and Kevin Fitzsimmons, from Arizona. focused on integrated
aquacultue agriculture. The primary goals were to describe the benefits and sustainability of using
aquaculture effluents to irrigate and fertilize grain and vegetable cAgpects of plant nutrition, soil
science, water chemistry, fish nutrition, fish husbgntarvest techniques and marketing were

covered. The demonstration project in the village of Guerero was visited on AugusThd fish tanks

and plumbing were examined and the suggested garden site was paced off and shigsyedions

focused orwater and nutrient delivery, drainage, sun angles, shade problems and harvest plans.

A second workshop was held Sepd @t UJAT for farmers, hatchery managers and university staff and
students.The focus was on hatchery management and use of biofloserimp and fish
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hatcheries.Traci Holstein, recent graduate from University of Arizona led the workshogei and a
colleague from her new position at Shrimp Improvement Systems in Florida met with hatchery staff to
discuss biofloc proceedures an@deomic and husbandry benefitSue to heavy rains and flooding she
was not able to visit the demonstration farm site.

Dr. Ed Glenn served on the graduatencdittees of Kyle Vanderlugt and Rafael Martinez who both
worked on this investigation.

09INDO5UA - Consolidation of Native Species Aquaculture in Southeastern Mexico: Continuation of

a Selective Breeding Program for Native Cichlids and Snook Reproduction in Captivity

Native cichlid breeding program has continued to make progress with continuedrgpaiifll and F2

stocks. A pedigreed breeding program is being designed to better guide the selective breeding
processes.Interest from the Regal Springs Farm in Chiapas suggests that a major commercial producer
may be interested in producing the fisheowery large scale with royalities to be returned to UJAT.

The snook have resumed spawning over the summer and we have succeeded in rearing some of the fry to
juverile stage A mix of natural feeds and formulated diets were finially successful in gétenfish

through larval and fry stagefhe hatchery facilities have been further upgraded and the UJAT
administration has purchased additional adjoining lands for future expansion.

Dr. Edward Glenn served on the graduate commitee for Rafael Martinewaghovloved with somef
this research.

PRESENTATIONS & PUBLICATIONS
Table VF6. Presentations

Title Author(s) Type Event Location
GLOBAL TILAPIA PRODUCTION: SUSTAINABLE Kevin Fitzsimmons Oral Cowenand New Yok,
SOURCE OF SEAFOOD Associates NY

POSITIVE EFFECTS OF DIETS SUPPLEMENTED
WITH NUTRAFITO PLUSTM ON THE GROWTH OF
PACIFIC WHITE SHRIMP Litopenaeus vannamei: A
REVIEW

Mario HernandeAcosta*,
Rodrigo Otero, Kevin Oral WAS 2010 San Diego
Fitzsimmons

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

Hernandez and Fitzsimmons Oral WAS 2010 San Diego

THE POTENTIAL OF ANTIBACTERIAL ACTIVITY

AND GREEN WATER PRODUCED BY

GENETICALLY SUPERMALE INDONESIAN Sidrotun Naim Oral WAS 2010 San Diego
TILAPIA IN REDUCING VIBRIO ATTACK AND

STIMULATING IMMUNE SYSTEM OF SHRIMP

UTILIZATION OF LOCAL FEED INGREDIENTS

FOR FRESHWATER AQUAGTLTURE Kevin Fitzsimmons Oral WAS 2010 San Diego

TILAPIA: 2009 STATE OF THE INDUSTRY Fitzsimmons, Naim,

REPORT Alghanim Oral WAS 2010 San Diego

EFFICACY OF GROWSTONE AS A FILTER MEDIA Tekie Anday and Kaolin Oral WAS 2010 San Diego
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FOR AQUACULTURE APPLICATIONS Young

Rafael MartinezGarcia*,

Raul Ponzoni , Nguyen

Nguyen Hong , Khairul Rizal Oral WAS 2010 San Diego
Abu Bakar , Stephen Nelson

and Kevin Fitsimmons

EFFECTS OF SALINITY ON GROWTH AND
SURVIVAL OF GIFT TILAPIA Oreochromis niloticus
AND RED HYBRID TILAPIA Oreochromis niloticus x
Orechromis

TILAPIA: THE AQUATIC CHICKEN AND ITS Fitzsimmons Oral AllTech Lexington
ROLE LEADING THE AQUACULTURE INDUSTRY KY

Table V7. Publications

Allen, G., Fielder, S., Fitzsimmons, K., Applebaum, S., and Raizada, S. 20@ter 36. Inland saline
aquaculture.pp. 11191147. In: Burnell, G. and Allen, G. (ed®ew Technologies in Aquaculture
CRC Press and Woodhead Publishing.

Stevenson, K., iEzsimmons, K. and G.2010. Integration of aquaculture and arid lands agriculture fo
water reuse and reduced fertilizer dependertoyperimental Agriculture46:1-18.

Yuan, D. Yi, Y. Yakupitiyage, A., Fitzimmons, K. and Diana, J. 20Hifects of adition of red tilapia
(Oreochromis sppat different densities and sizes on production, water quality and nutrient
recovery of intensive culture of white shrimgtbpenaeus vannamdin cement tanks. Aquacultur
298: 226 238.

Young, K. 2009. Omegé (n-6) and omega® (n-3) fatty acids in tilapia and human health: a review.
International Journal of Food Sciences and Nutrition 60(S5)2203

Allen, G., Fielder, S., Fitzsimmons, K., Applebaum, S., and Raizada, S. 20@ter 36. Inland saline
aquacilture. pp. 11191147. In: Burnell, G. and Allen, G. (ed®)ew Technologies in Aquaculture
CRC Press and Woodhead Publishing.

Licamele, J. and Fitzsimmons, K. 2009. Aquaculture In Guydilapia, Pacu, Shrimp Raised With
Plant Crops. Global Aquaculel Advocate 12(2):884.

Fitzsimmons, K. Alghanim, K., and Naim, S. 2009. Tilapia Production, Market RePootuction,
Consumption Increase Despite Economic Downturn. Global Aquaculture Advocate 1-2(@):67

Fitzsimmons, K. 2010. Tilapia update 201lhe Practical Asian Aquaculture 1(2):32.
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LEAD USUNIVERSITY : UNIVERSITY OF CONNECTICUT

DEVELOPMENT OF ALTERNATIVES TO THE USE OF FRESHWATER LOW VALUE FISH FOR
AQUACULTURE IN THE LOWER MEKONG BASIN OF CAMBODIA AND VIETNAM : [MPLICATIONS FOR
L IVELIHOODS , PRODUCTION AND M ARKETS

PROJECT SUMMARY
In the Mekong region, many capture fisheries resources have been largely overexploited and, as a result,
development of aquaculture has been encouraged to provide the protein, income, employmenttand expo
earnings for some countries. Such a development trend implies that sufficient feed for aquaculture
production will be available. One source of feed is low value/trash fish (Low value/trash is defined as fish
that have a low commercial value by virtualodir low quality, small size or low consumer preference).
There is increasing demand and trade in the lower Mekong region of Cambodia and Vietnam for low
value/trash fish for (1) local consumption (e.g. fresh, dried); (2) direct feed (e.qg. livestdtkahig
species aquaculture); (3) fish meal production (e.g. poultry, aquaculture); and (4addéaceproducts
(e.g. fish sauce).

The price of low value/trash fish has tripled since 2001 and it is predicted to continue to rise as
aquaculture expands (FEAAPFIC 2005). The use of artificial fish based feeds and/or fresh fish resources
have further increased pressure on wild fish stocks. Inevitably, a dangerous spiral has evolved where the
demand for low value/trash fish for aquaculture feed has suppadeshsed fishing pressure on already
degraded resources. It is predicted that as aquaculture grows in the region, it will be difficult to meet the
demand for low value/trash fish. There is a general concern that the rapid expansion of aquaculture may
ultimately be constrained by the dependence on low value/trash fish and fish meal, popularly referred to
as the "fish meal trap". The AsRacific countries may need to increase imports of fish meal from the
global market for the aquaculture industry, or repldmese with other feed materials. There is a need to
address the increasing demand for low value/trash fish by aquaculture by improving feeds for aquaculture
through changing over from direct feeding to pellet feeding and reduction of fish meal content by
substitution of suitable ingredients in pellets.

There is also increasing conflict between the use of low value/trash fish for feed and for human
consumption. In some cases, such feeds are comprised of fish species traditionally used as cheap food for
people and this allocation of fish resources to aquaculture may result in negative impacts of food security
and livelihoods. It is the economics of the different uses of low value/trash fish in different localities that
direct the fish one way or the oth@here are also tradsaffs between direct food benefit and the indirect
employment and income generation opportunities afforded by feeding to aquaculture. It has been argued
that it would be more efficient and ethical to divert more of the limited supglyr@n food, using

valueadded products. Proponents of this suggest that using low value/trash fish as food for domestic
consumers is more appropriate than supplying fish meal plants for an export, income oriented aquaculture
industry, producing highvalusommodities. On the other hand, food security can also be increased by
improving the income generation abilities of poor people, and it can be argued that the large volume of
people employed in both fishing and aquaculture has a beneficial effect. Ebis same important

guestions regarding the social, economic and ecological costs and benefits of aquaculture, its
sustainability and future trends.
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The focus of this project is equally on the aquaculture of carnivorous fish and the management of lower
value/trash fish. Investigations 4,dnd 6 address the uses and bioecological characteristics of low
value/trash fish. Investigations 1,d@hd 3 address alternative feeds for freshwater aquaculture and feed
technology adoption.

The vision of this projeds for sustainable freshwater aquaculture development in the Lower Mekong
basin region of Cambodia and Vietnam, taking into consideration the balancing of social, economic and
environmental/natural resource needs and implications. This vision takesdatmathat the main driver

of this project is the continued expansion of aquaculture and its dependency on capture fisheries for low
value/trash fish for feed. It also takes into account that: capture and culture fisheries continue to play an
important roé in the food security, poverty alleviation and economies of both countries; the strong
interdependency between capture fisheries and aquaculture; management of theseséstmsibannot

be carried out in isolation of each other; there is increasirgrnegional trade; and there is increasing
competition and conflict between the use of low value/trash fish for feed and human consumption. This
project will address this issue through six separate but complementary investigations on the management
of low valuef/trash fish fisheries; development of alternative feeds and feeding strategies; outreach and
feed technology adoption; market and trade development; anda@dieel product development.

To date, the project has made considerable progress in acddngplise objectives set forth in the first

phase. Developed weaning methods so that small, hatoteamgd snakehead can be quickly adapted to
pelleted diets. Determined that Channa striata snakehead survive as well on pelleted diets in which up to
50% ofthe fish meal has been replaced by soybean meal as they do on pelleted diets made purely of fish
meal. Development of best practice compared between traditional product and modern product of
fermented fish product, then determine the issues related tealow fish processing practice and value
added product development, market and trade to recommend policies and strategies to address the
identified problems and issues in order to ensure high quality, safe and nutrition low value fish products
for local ard international trade, and to support vabdegled product development. Information was

collected about issues on snakehead farming in the region. Market research has revealed a range of
markets in the region for the processed products from low value fish.

The work undertaken through this activity will be sustained after the life of the project by the partners in
Cambodia and Vietham and through partnerships developed with other regional organizations such as the
Network of Aquaculture Centers in Asia (NAQAhe Southeast Asian Fisheries Development Center
Aquaculture (SEAFDEEQD), and the WorldFish Center. Additional funding to continue the work

started through this project has been or will be secured through such sources as Australia Center for
Internatonal Agricultural Research (ACIAR), International Development Research Center (IDRC), US
Agency for International Development country missions, and funds from each country. Future activities
associated with the project are the development of feed andidestdategies for other fish species,

further onfarm trials of feed formulations, policy and technology for trade and asdded product
development for low value/trash fish, development of farm made feeds, improved management strategies
for capture fishries, and policy development for sustainable aquaculture and capture fisheries. The
project has allowed strong partnerships to be developed between IFREDI and Cantho University
researchers which are expected to continue in the future. The exchangens&iito and knowledge is
ongoing and will continue.
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PROJECT PERSONNEL

Can Tho University, Vietnam University of Connecticut-Avery Point
Tran Thi ThantHien- HC CoPI Robert SPomeroy US Lead PI
SinhLe Xuan- HC Investigator SylvainDe Guise US Investigator

TessaGetchis US Investigator
IFReDI, Cambodia

NamSo HC Lead PI University of Rhode Island
Navy Hap- HC Investigator David A. Bengtson US CcPI
SochiviKao- HC Investigator Chong M.Lee- US Investigator

SomanyPrum- HC Investigator

INVESTIGATION PROGRESSREPORTS
Printed as submitted by Robert Pomeroy, US Lead PI

09SFTO1UC- Alternative feeds for freshwater aquaculture species in Vietnam.
The objective of the investigation is the development ofeffsttivealternative feeds for carnivorous
freshwater species to replace or reduce the dependence on low value/trash fish.

Activities Completed during this Period:

1. Reviewed related literatureReview of all relevant literature regarding the situation of using fee
for snakehead culture in the Lower Mekong Basin and snakehead requirements. The review was
aimed to use the knowledge on existing aquaculture technology to transform into the printed
media for dissemination to the project sites.

2. Orientation within teanmembers A team of 3 members has been established in CVigtnam
to internalize team members to make them aware of the project document and to understand the
requirements needing to be accomplished by the members in the process of project
implementation.

3. Consultation meeting between investigationiis investigation is implemented along with
investigation 2 and 3 in both IFReDI and CTU. The consultation is made with different team
members from two investigations in CTU (1 & 5) and with those in IFR2[31 8) for
synchronizatiorof the preparation and implementation of related activities. The consultation is
also to establish a link of each investigation in terms of its activities, planning, and
implementation. The consultation was conducted to infoariegam members of the rules,
policies, and procedures of AquaFish.

Three experiments of the Investigation 1 have been finished. In addition, 7 students in CAF who were
partially funded by this investigation were graduated and 10 are studying.. Mo&Otfenmers in
Mekong Delta raised skahead fish by formulated fe@gere suggestion.

09INDO2UC- Sustainable snakehead aquaculture development in the Lower Mekong River Basin of
Cambodia and Vietnam

January i March 2010

In Cambodia:

- Selected resear@ssistants who will be responsible for snakehead domestication breeding and
weaning snakehead with formulated diets at Freshwater Aquaculture Research and Development
Center (FARDeC), and they will receive training on snakehead domestication breeding and
weaning, and snakehead feed nutrition and formulation at CTU.

- Discussed with these research assistants to draft a plan for snakehead domestication breeding and
weaning, with different kinds of diets (live feed, low value fish feed and formulated diets from
different plant proteins.
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- Set up a hatchery at FARDeC for domestication breeding of snakehead, including broodstock
ponds, nursing/weaning ponds, and live feed production ponds/tanks.

- Consulted with provincial fisheries officers and fishers in Kampong @myrPursat and
Battambang provinces to inform and make them understanding the objectives, expected outputs and
activities of this investigation, and to buy good quality andtadatured snakehedmtoodstock in
order to develop snakehead broodstock at BAR.

- Consulted with CTU in Vietnam researchers to make them understanding objectives, expected
outputs and main activities to be accomplished in Vietham, and to arrange training and technology
transfer from CTU to IFReDI and FARDeC researchers on snakehead

- Domesticatiorbreeding and weaning, and snakehead feed nutrition and formulated diets at CTU.

In Vietnam:

- Selected researcher assistants to work on the (1) training and technology transfer on snakehead
domestication breeding and weaning,and snakeheddfagiton and formulation, (2) water
quality, and (3) shakehead fish diseases.

- Prepared a plan for the above traning and technology transfer at CTU to transfer the above
knowledge and technology from CTU to FARDeC and IFReDI.

- Conducted water samples foater quality analsysis (e.g. temperature, pH, DO, NH4 , NH3,

- NO2, NO3¢é) from three snakehead earthern ponds
Delta: Can Tho, Dong Thap and An Giang provinces.

- Conducted fish disease surveys and collected sarfigpldsease study (e.g. parasites, fungi and
bacteria diseases) from three snakehead earthern ponds in each of the three provinces in the
Mekong Delta: Can Tho, Dong Thap and An Giang provinces.

April - June 2010
In Cambodia (IFReDI)

- Developed anakehead hatchery, including major facilities such as broodstock ponds, nursery
ponds, breeding cement tanks, hatching tanks and moina production cement tanks at Freshwater
Aquaculture Research and Development Center (FARDeC).

- 30 pairs (60 individuals) ahature broodstock of murrel snakehe@tdnna striath were collected
and bought from Tonle Sap Lake and stocked in broodstock ponds at FARDeC for inducing
spawning in July 2010.

In Vietnam (CTU)

- Organized an othesite training course on snakeheaddoliag and weaning, including hatchery
set up, broodstock development, feed formulation, and feed strategies for FARDeC staff/Project
assistants (126 June 2010).

- Water quality analysis: water quality parameters including temperature, pH, DO, NH4 , NH?3,
NO2, and NO3 were sampled 5 times from each of 6 snakehead earthen ponds in Dong Thap (3
ponds) and An Giang (3 ponds) provinces. The sampling was conducted every month. Water
quality analysis is ocigoing at CTU laboratory.

- Snakehead diseases study: Fishues were sampled from each of the six snakehead earthen ponds
in Dong Thap and An Giang provinces for studying parasite, fungi, and bacterial diseases. The
sampling was conducted every month. Laboratory analysisi®iog at CTU.

July - September 2010
In Cambodia (IFReDI)
- The CTU researchers Dr. Bui Minh Tam and Mr. Nguyen Hong Quyet Thang to visit FARDeC in
Cambodia to assist FARDeC researchers in setting up snakehead hatchery and inducing snakehead
spawning experiments.
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The CTU researchers Dr. TrahiTThanh Hien and Mr. Nguyen Hoang Duc Trung to visit

FARDeC in Cambodia to assist FARDeC researchers to set up snakehead weaning facilities and
equipment, and weaning experiments.

The first domestication breeding of murrel snakeH€&idhnna striath was onducted at

Freshwater Aquaculture Research and Development Center

The 3day old fish larvae were fed witloinafor 5 days

The 8day old larvae were fed witlloinareplaced 70% per day by freshwater srs@dked fish for

3 days, and then 100% freshwatewldlrsized fish were fed until day 20

The 28day fry were fed with freshwatersmalli zed fi sh replaced by 5%,

and 100% pellet feed (Protein 41%) each for 3 days.

Larvae were stocked in H0tanks with stocking density of 5 fish/Lh& fish were fed to satiation

by hand twice daily. The remaining feed and faeces were siphoned out before feeding.

Daily records were kept on mortality, food consumption and water quality, such as temperature, pH
and dissolved oxygen. Larvae were weighed measured at biweekly intervals.

In Vietnam (CTU)

Water quality analysis: water quality parameters including temperature, pH, DO, NH4 , NH?3,
NO2, and NO3 were sampled 5 times from each of 6 snakehead earthen ponds in Dong Thap (3
ponds) and An Giang (@onds) provinces. The sampling was conducted every month. Water
quality analysis is oigoing at CTU laboratory.

Snakehead diseases study: Fish tissues were sampled from each of the six snakehead earthen ponds

in Dong Thap and An Giang provinces for studyparasite, fungi, and bacterial diseases. The
sampling was conducted every month. Laboratory analysisi®iog at CTU.

09TAPO3UC- Development of alternatives to the use of freshwater low value fish for aquaculture in
the Lower Mekong Basin of Cambdaland Vietnam: implications for livelihoods, production and
market.

Organizecconsultation meeting with district fisheries authority and commune council members on
snakehead fish farmers selection criteria for experimental group.

Selected 30 podrousehold snakehead fish farmers (12 females and 18 male) for experimental
group for new feed technology adoption pilot.

Coordinate with Investigation 1 to conducted

Feedo of new devel opend GCRER oFee KeTeegpd mmgo IMeg yh oad 0

snakehead fish culture farmers in Lvea Em District, Kandal Province, Cambodia on June 27, 2010.
Training materials translated into Khmer language for the trainees.

All Trainees were given a notebook for rec&eaping of their fish culture data such as: pond size,
number of fingerlings, date of stocking fingerling, fingerling size, price of fingerling, number of

fish death after stock, method of feeding, type of feed, and amount of feed.

To follow up the recoravith fish farmers, one staff was involved and offey8ar fisheries student

t

1

r

(bachel or) was engaged to carry out the researc

CRSP Home Made Feed for Snakehead Fish in Cambodia.

09FSV01UC- Maximizing the utlization of low value or smaikize 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.

Review the result from thiirst phase complied with desktop survey to better understand of

fermented fish paste best practice processing in Cambodia and fermented fish processing guideline
from other countries (from 631/01/2010)

Field Observationfocus group discussion, and kejormant interview and observation using some
guide question to the processors to study the processing practices on the processing plant/chain and
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areas of fermented fish paste product and to identify problems and issues related to food safety,
processingand valueadded product development (from 01/02 to 30/04/2010).

- Organize the Women Fermented Fish Paste Group/Associaffoom 01/02 to 30/04/2010).

- ldentified and analyzed the composition of nutrition fact, microbiological and chemical hazard of
the productsthrough getting simples from the women processor group and then send it to the
accreditation laboratory to check and analysis it (froAR30/05/2010).

- ConducedConsultation workshop/meetings with processongo are primarily women, on the best
pradice of fermented fish paste product quality and safety guideline, packaging, and labeling
standard (from 01/06 to 30/09/2010).

- Revising and finalizing guideline, packaging and labeling standaridprahocproduct (from 01/10/
2010 to 30/02/2011).

1 Completediterature review

1 Conducted field observation and key informant interview

1 Selected and organized women fermented fish paste group in Siem Reap Province.

1 Conducted site visit monthly to see how is the process of the women group work in order to
check @ their product quality and safety through the primary testing of their product by sending
the samples to both national and international laboratories to analyze the biological, chemical and
physical on product for food quality asdfetyto human consumjmn before applying the
guideline, packaging, and labelirggandard for their product.

1 Produced the first draft of the fish paste product guideline and consult with the relevant
stakeholders through the workshop on last 14 June 2010 in the Apsara Angioinksiem
Reap province.

Participant of the workshop are representative from the Central Fisheries Administration (all department
and institution under), all 24 Provincial Fisheries Cantonment, processors, traders, consumers, local
authority andepresentative from the ministry of Mine industry and Energy (MIME), Ministry of
Commerce (MoC), Ministry of Public Health (MOH) and Ministry of Agriculture Forestry and Fisheries
with all representative from all department under).

Obijective of thisvorkshop are 1) to consult with the relevant stakeholders on the Fish Paste Guideline in
order todevelop it as a formal one to improve quality, safety, and market of the product in Cambodia. 2).
to identify the SWOT analysis in order to develop the sgratéevelopment plan for the women
association.
f Revising and reviewing the guideline, packaging and labeling standard for fish paste product and
processing through the recommendation of the participants from the national consultation
workshop had been conded last June in order to finalize by next year 2011.

09MERO04UC- Value chain analysis of snakehead fish in the Lower Mekong Basin of Cambodia and
Vietnam
The value chain analysis of snakehead fish in LMB consists of the follows:
1 A function analysis:in this analysis the number, type and function of actors will be determined.
The approach focuses questions on the inputs and outputs of production as well as the mechanisms
by which value chain actors maintain control productibocus not only those @ictly involved in
the value chain, but also those within a broader network, providing economic, policy and social
support to actors. The data is then presented
domestic channels, proportional outputs anddggon of the key functions.
1 A map of the material and financial flows from input suppliers to markétis approach
calculates the main expenses and net profit margins of production for the actors and consolidated
the expenses and margins from the oéshe chain. The analysis emphasizes the percentage value
added to the fish at each transaction in the value chain, calculated as the selling price minuses
buying pricenot taking into account fixed or variable costs of each actor. For-gubfarmers,
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total cost include the cost of buying fingerlings and the added costs involved in the growing cycle.
All the costs and added value will be computed per kg of fresh fish equivalent.

1 A set of recommendations to support development of a policy frameworksauidye

aquaculture/capture fisheries interactions, the sustainable development of snakeheads in the lower
Mekong basin, and human food security issues.

Conclusions

The data collection of the Investigation 1 was finished in September, and data analysiswplased in
November while the country reports have been prepared in December. The final country reports and the
final combined report of Investigation 1 are expected to be submitted in August 2011. A total of 4 master
students and 06 bachelor student€AF who were partially funded by this Investigation were graduated.

2 master students and 5 bachelor students will be funded for their theses in 2011. Two publications were

released.

For continuingthe 2nd phase of Investigation #1, the money shoutdalnsferred asoonas possible in
association with the correction of contract in which the salaries of Dr Sinh was not included.

09MNEO04UC- Developing Management Recommendations for Freshwater SyBakd/Low Value
Fish in the Lower Mekong Region of Cabodia and Vietnam
This investigation will start on January 2011.

PRESENTATIONS & PUBLICATIONS

TableVI-8. Presentations

Title

REPLACEMENT OF FISHMEAL BY
SOYBEAN MEAL WITH ALPHA-
GALACTOSIDASE IN DIETS FOR
SNAKEHEAD Channa striata

MARKET CHANNEL AND TRADE OF
FISH PASTE FROM SMALLSIZED
FISH IN CAMBODIA

SMALL-SIZED FISH PASTE
PRODUCTION TECHNOLOGY IN
CAMBODIA'S MEKONG RIVER BASIN

ROLE OF FISHING ACTVITIES TO
THE HOUSEHOLDS IN FIOODED
AREAS OF THE MEKONGDELTA

ROLE OF FISHINGACTIVITIES TO
THE HOUSEHOLDS IN FIOODED
AREAS OF THE MEKONGDELTA

TableVI-9. Publications

Author(s)

Tran Thi Thanh Hien, Ly
Vu Minh, Nguyen Hoang

Duc Trung, Chong M. Lee

David A. Bengtson

Nam So*, Sophea Un, Sy

Vann LengRobert
Pomeroy

Nam So*, Chakriya
Norng, Sy Vann Leng,
Robert Pomeroy

Huynh Van Hien, Le Xuan

Sinh & Nguyen Duy Can

Huynh Van Hien

Type

Oral

Oral

Oral

Oral

Oral

Event

Aquaculture 2010

World Aquaculture
Society 2010

World Aquaculture
Society 2010

National Workshop of
students and research
in Aquaculture &
Fisheries

National workshop of
Students & Research,
2010

Location

San Diego,
CA, USA

San Diego,
CA, USA

San Diego,
CA, USA

Cantho
University,
Cantho City

Cantho City,
Vietnam

So, N (2009)Snakehead Aquaculture in the Mekong Delta, Vietm@ambodiaFisheries Magazine: No

13.

Le Xuan Sinh & Do Minh Chung (2010). Current situation and challenges for snakehead farming
(Channa micropelteAND Channa striatus)n the Mekong Delta. Journal of Agriculture & Rural
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Development (in Viethamese, Accepted, May 2010).

So Nam (2009)Snakehead Aquaculture in the Mekong Delta, Vietham. Brief Communication. Carnr
Fisheries Magazine No. 13. Fisheries Administration,odfh®Penh, Cambodia

Un Sophea, Pomeroy Robert, 8lam and Chhany Kongkea. Market Channel and Trade of Ferment
SmallSized Fish Paste in Cambodfsccepted by International Society of Environmental and
Rural DevelopmeniSERD)

So Nam, Norng Chakriya,dng Sy Vann & Pomeroy Robe®mallSized Fish Paste Production
Technology In Cambodia's Mekong River Bastubmitted.

Huynh Van Hien, Le Xuan Sinh & Nguyen Duy Can (2010). Role of fishing activities to the househ
in flooded areas of the Mekong Del&cientific magazine of Can Tho University, Special issue:
June 2010 (in Vietnamese, published).

Tran Thi Be, Tran Thi Thanh Hien, 201Replacement of fish meal protein with soybean meal proteil
with or without phytase supplemetion in diets $oakeheaChanna striatq Scientific Journal of
Can Tho University (published)

Tran Thi Thanh Hien, Le Quoc Toan, Tran Thi Be, Nguyen Hoang Duc Trung. Réplacing fish meal
by soybean meal in giant snakehé@tanna micropeltegjiets Scientific Jounal of Can Tho
University (submitted, accepted)

Un S, Pomeroy R, So N & Chhay K (2010). Market Channel and Trade of Fermentecs&mdlFish
Paste in CambodidJERDT International Journal of Environmental and Rural Developmént 1
145151

Le XuanSinh, 2010. Aguaculture Economics. Text book for undergraduate and master students in
Aquaculture & Fisheries. Cantho University Publication.
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LEAD USUNIVERSITY : UNIVERSITY OFH A WA | A@ HILO

HUMAN HEALTH AND AQUACULTURE : HEALTH BENEFITS THROUGH |IMPROVING AQUACULTURE
SANITATION AND BEST M ANAGEMENT PRACTICES

PROJECT SUMMARY
The projectdéds research, training and outreach act|
development and training to existing integrated coastal zone management programs for three large
estuarine complexes in Mexico and Nicaragua. Designeafebearch activities is based on extensive
prior needsaassessments, whidhclude feasibility studies, management plans and previous research
findings. The overall goal is to increase capacity to implement best management practices in aquaculture
sanitaton as a means to improve human health through disease prevention and product quality and safety.
Improving food security through multiple strategies is also a theme for this work. These efforts aim to
develop bivalve culture as a means of increasing atiin of indigenouspecies, whiclare low on the
food chain, have low technology requirements and have high value. Bivalves also provide valuable
ecological services and require improved management of their fisheries throughout Latin America and the
Carribbean. For this continuation of current efforts, we have chosen to focus on continuing research to
determine the effectiveness of a commuigged cemanagement effort for the black cockle fishery in
Nicaragua, which may serve as a model for the othabked bivalve fisheries in Latin America.
Additionally, efforts to develop native bivalve species for culture will continue through developing
hatchery methods and continuing extension to oyster farming groups in two Mexican States. The
members of these gups are largely women, or extended families. Additionally, we will continue work
sponsored by the ACRSP and the USAID SUCCESS project to develop a native fish species ("chame”,
Dormitator latifrons) found throughout LAC that holds tremendous potentialfizaculture. Expected
outcomes include: 1) information critical to decisimaking and planning for coastal communities and
economic development; 2) increased capacity for extension agents and researchers to work in bivalve
culture, fisheries managememtcbshellfish sanitation; 3) improved extension services benefiting coastal
communities; 4) developing the basis for shellfish sanitation plans and classification of shellfish growing
waters; 5) improved food quality and safety for shellfish and other aljuaeproducts; 6) improved
prices and markets for products; and 7) reduction in the incidence ebéwod illnesses related to
aquaculture. Issues of basic food security are also addressed through development of native species that
are suited for aquatture by poor, coastal residents.

Improving the health andell beingof stakeholders is the fundamental justification for aquaculture
development. Aquaculture can affect human health through a wide variety of direct and indirect causal
pathways, includig but not limited to: the relationship with environmental quality; use of natural

resources (e.g. water, land, inputs); consumption of safe, high protein food products; increased household
revenues to improve food security; and involvement of women, ymdhmarginalized groups.

The ways in which users and resources are affected by and affect aquaculture are complex, not
completely understood, and are dynamic in nature. Workers in this area must constantly update their
knowledge and understanding of fh@cesses involved, new technology and the changing

socioeconomic framework. CRSP stakeholder and expert panel meetings of the Africa, Asia and Latin
America/Caribbean regions (2002) reveal two critical trends; 1) research and development of new
aquacultue technology has been effective in laying the informational basis for development of

subsistence aquaculture; and 2) the ability of researchers and extension agents to transfer and implement
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the outcomes of research and development has not kept packewitte of technological innovation nor
the rapidly changing socioeconomic milieu of most developing nations and their communities. It is not
uncommon for technology transfer to lag technology development in any economic sector, but an
opportunity existsd significantly strengthen the collective CRSP and associated stakeholders' ability for
technology transfer in human health themes.

Similar issues affect the egoing, communitybased coastal management efforts on the Pacific Coasts of
Mexico and Nicaraga. There are three ayoing coastal management initiatives in these countries that
this work will support through carrying out specific recommendations in each area's management plan
related to aquaculture, fisheries and development of alternative ligdh@he coastal management
initiatives that this work will support are located at: 1) Santa Maria Bay, Sinaloa, Mexico; 2) Boca de
Camichin, Nayarit, Mexico; and 3) Aserradores Estuary, a part of the Estero Real Protected Area and
RAMSAR site. This works also linked to work conducted as part of the USAID SUCCESS program, EU
fisheries management programs and other international initiatives.

We are using to use support from CRSP to build on current coastal and aquaculture management efforts
to: 1) contine an emphasis on bivalve culture, sanitation anRth@pagement as a means to diversify
aquaculture and improve food security; 2) research aquaculture methods and fisheries dynamics for a new
fish species with high potential; 3) provide extension suppabmemunities to assure adoption of

technologies and best management practices developed during Phase | of this project; and 4) improve
access to key information for decisiaraking and planning through publications, outreach, extension and
exchanges.

Two types of aquaculture have been selected for their potential to divagsi@culturethose that have

direct impact on food security and minimal impacts on the environment. Firstly, since becoming part of
the CRSP network in 2003, efforts have focusedrompting culture of native species of bivalves as a
sustainable form of aquaculture with low technology requirements and minimal environmental impacts.
The health aspects of aquaculture and links with the environment have also been researched, particularly
shellfish sanitation. To date, accomplishments in this area have included the classification of shellfish
growing grounds, development of depuration and relaying methods, increased culture of the native oyster
species and transfer of culture technologld® current work will solidify accomplishments and continue

to advance in certain key areas, including developing hatchery methods to assure the supply of larvae,
now the major constraint to future progress by community groups culturing shellfish. Sredotiuk

theme of developing native species which can substitute for introduced species and which offer potential
to directly supply food for poor, rural people with minimal impacts, the CRSP and SUCCESS projects
have been working to develop the chamh {Sormitator latifrons), which is found along the entire

Pacific Coast of the Americas, from California to northern Peru. The chame is euryhaline and
omnivorous, and has the habit of ingesting detritus. This fish was once abundant in many areas and with
the exception of certain indigenous groups, has been largely distained despite its high quality flesh. Trials
in Ecuador under the SUCCESS program demonstrated that it could be successfully cultured using low
protein locally sourced feeds and have rapidwginoates. Researchers in Mexico will undertake research

to determine the nutritional requirements of fingerlings, methods to induce spawning and assess the
population dynamics of the wild populations.

This work aims to further current efforts to deveiogigenous species in Mexico and Central America
focusing on bivalves such as clams, oysters and scallops asmapawet alternative to shrimp aquaculture
and to more directly benefit poor coastal communities. A thriving bivalve fishery and aquaculture
industry in Mexico and Nicaragua that yields safe, high quality products will create jobs, improve food
security and reduce the incidence of sheltfigiine illnesses. Development of the chame fish will add an
easilycultured native species to the array o§gibilities for small scale fish culture along the Pacific
Coast of Latin America. Training and extension in general food safety and quality for all aquaculture
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products will build capacity among producers and vendors to reduce risks and improve thoé tvedine
products. Additionally, this work will contribute to improving national capacity in Mexico and Nicaragua
by training professionals (including one graduate student) to increase their knowledge in these fields.
Findings will be disseminateglobally through peereviewed publications, accessible website material
and presentations at international meetings.

SUCCESS is the global Sustainable Coastal Communities and Ecosystems program of EGAT/USAID,
working since 2004 on sigpecific (Nicaragua, Ecdar, East Africa) and global activities related to
natural resources management and alternative livelihoods. The University of Hawaii Hilo and the
University of Rhode Island were the lead partners. SUCCESS, along with CRSP, sponsored the initial
work on bivalve sanitation and emanagement, as well as the development of chame.

PROJECT PERSONNEL

CIAD, Mexico Universidad Autonoma de SinaloaCuliacan,
OmarCalvario Martinez- HC CoPI Mexico

EladioGaxiola Camache HC Lead Pl
CIDEA -UCA, Nicaragua Lorena IrmaCamacho HC Investigator

CarlosRivas Leclair- HC CoPI
Nelvia Hernandez DelSocorro- HC Investigator  Universidad Autonoma de SinaloaMazatlan,

Erik JoseSandoval Palacios HC Investigator Mexico

Juan Ramomravo- HC Investigator GuillermoRodriguez Dominguez HC CoPI
OlgaZamudio Armenta- HC Investigator

Louisiana State University GustavaRodriguez Montes De OcaHC

JohnSupan US CcPI Investigator

Jose CristobdRoman ReyesHC Investigator
Ohio State University
KonradDabrowski- US CGPI University of Alaska
QuentinFong- US Collaborator
University of Hawaii at Hilo
Maria Haws- US Lead PI

INVESTIGATION PROGRESSREPORTS
Printed as submitted by Maria Haws, US Lead PI

09INDO1UH - Developinghatchery methods for the mangrove oyster, Crassostrea corteziensis for the
Pacific Coast of Mexico

The native "Pleasure OysteCtassostrea corteziensis the preferred oyster species on the Pacific Coast
of Mexico. For the last 30 years, it has beegdar cultured in the State of Nayarit, with most production
coming from the Boca de Camichin Estualost of thisseed is obtained througlllection of wild

spat. Although normally this & preferred method, being less costly and easier than hatebdncpon,

the need for a hatchery has become clear. Justification for a hatchery is the following: 1) storms and
hurricanes often make spat collection impossible and affect farming; 2) the recent finding that Perkinsus
marinusis present on the Pacific @st has led authorities to prohibit move meraadlt oysters anspat

which prevents increasing the geographic range in which C. corteziensis could be culture; and 3) there is a
need for more research and development for this species, which requiiabla salurce of larvae

andspat, thusecessitating hatchery.The other oyster species cultured along the Pacific Coast of
Mexico is the Pacific Oyster (C. gigas) which is cultured in the States of Sinaloa and Sonora, as well as
on the BajaPeninsulaThe CRSP work aims to promote culture of the native species and to reduce
reliability on foreign seed sources. Much of the C. gigas seed used for Mexican farms comes from U.S.
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companies based in the Northwest, which are suffering from drastic declineslutton as a result of
ocean acidification.

The CRSP work entails establishing a small research and training hatchery at the Marine Science Center
(FACIMAR), located in Mazatlan, Sinaloal he lead researcher on this project is Olga Zamudio

Armenta, a sgcialist in bivalves and algae cultur@rs. Maria Haws (UHH) and John Supan (LSU)

traveled to Mazatlan in January 2010 to assist with biosassys, hatchery desigrugmd ket were
accompanied by Roberto Quintana (UHH Hatchery Manager) and David Nslveer and Operator of
Goosepoint Oyster, Inc). The latter assisted with the design aspects. The team also visited Bahia Santa
Maria and Altata in Sinaloa to work with producer groups on goatdetails which influence hatcher

and nursery operationg.he team also provided training to the UAS personnel in spawning methods and
microalgae production.

After the initial version, Olga Zamudio continued to-sptthe hatchery and began to train CRSP students
and personnelHatchery, nursery and microalgaboratory seup work continuedWork experimenting
with maturation of broodstock also continuegiome delays in this work were encountered as new
administrators at FACIMAR delayed signing of the new MOU, which delayed transfer of funds. UAS
continued verking on this investigation as much as possible given the delays in funding. The MOU has
now been signed so that transfer of funds can move forward.

09INDO3UH - Stock assessment of "Chame" Dormitator latifrons in Nayarit and South of Sinaloa
México

Thiswork has been delayed due to the delays in signing the MOU between UHH and-uwd. could

not be transferred due to this delay. The MOU has now been signed and funds will be transferred.
Meanwhile, HC CePI Guillermo Rodriguez has completed planningthis work and will begin

executing it as soon as funds have been transferred. The CRSP students for this work have also been
selected.

09INDO4UH - Induced spawning and larval rearing of the "chame" Dormitator latifrons in laboratory
conditions

Objective 1: Induced spawning and spermiation using synthetic analogues of luteinizing hormone
releasing hormone (LHRHa)

A total of 29 spawns were achieved using several delivery techniques for synthetic analogs of the
hormone LHRHa. A preliminary trial with 9 fere, 3 per treatment (mean weight 1469) treated with

either Desglyl@la6 LHRHa injected at 20 pg/kg as priming dosage and 40 pg/kg as resolving dose, 2
injections of Ovaprim® at 0.5 ml/kg or a single implant of 75 ug (Ovaplant®), showed a 100% success as
oocyte final maturation and releasing agents within 72 hours after treatments in the Ovaprim® and
Ovaplant® treated females.

Thereafter a second experiment was conducted with 12 females divided into the following groups: control
group (0.5 ml/kg 0.9%aline solution), Desglyt@laé LHRHa injected at 40 pug/kg as priming dosage

and 80 pg/kg as resolving dose, 2 injections of Ovaprim® at 0.5 ml/kg or a single implant 75 pg
(Ovaplant®), using 1 year captive and newly collected females in all groups sad@dbo success ratio
within 24 hours for the ovaplant group and 100% spawning ratio for the LHRHa and Ovaprim groups
within 48-72 hours. Only one natural spawn was observed for all females either within the experiment
and for all collected fish. Obtainegawns allowed determining oocyte size as 300 um and a relative
fecundity of 80,000 to 100,000 cells per gram. Apparently, only partial spawns were recorded for all 29
spawns within both trials, as well as other females induced with Ovaplant® for furtla foduction.

With regards to males, all LHRHa delivery treatments were effective to induce spermiation in volumes
from 0.5 to 10 ml per male (DesglyXla6 LHRHa injected at 40 pg/kg, Ovaprim® at 0.5 ml/kg or a
single implant 75 pg (Ovaplant®); howeweveral males released sperm naturally up to 1 ml throughout
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the reproductive season. Obtained data indicates that sperm activation time is close to 4 minutes, and
overall concentration is within the range of 1 to 2X109 cells per milliliter. No sperniatakres were
recorded as chame sperm viscosity probed to high in undiluted sperm.

Objective 2. Effect of water salinity on fertilization, egg incubation and hatching success.

As optimal salinity values, both for fertilization and egg incubation, owlteeifndicate that there is no

sperm activation above 5a of salinity; similar dat
hatching was observed above the same salinity value. Therefore all fertilization and incubation trials were
conducted il um filtered, UV sterilized fresh water. Extensive data has been recorded on incubation

time at 2628°C asl14 hours, hatching size of larvad (4 mm), time for yolk absorption (Z& hours

post fertilization hpf) and eye and mouth appearance timd@3pf).

Objective 3: Effect of water salinity, food type and availability on larval survival and growth after

yolk sack absorption.

Several feeding trial have been conducted. First experiment consisted of several types of dry food along
with a mixture of 5880,000 cell/ml ofChlorellaandScenedesmuss freshwater phytoplankton and 50um
filtrated water (510 ml/day) from a rotifer8rachionus rotundiformigearing tank; such feeds were as
follows: micropowdeiSpirulina<20 um (Mackay Marine®), algamac 30@®ewer’s yeast,

microparticulate MPz < 70um (Mackay Marine®) and Epicin G2 (probiotic) as bacterial and biofilm
promoter with four replicates per dietary treatment and a larval density of 0.5 larvae per ml. Larvae from
this experiment survived for 6 dayest fertilization, with 100% mortality afterwards.

A second trial was conducted, using a combination of two of the above mentioned feeds, all including
mixture of 5080,000 cell/ml ofChlorellaandScenedesmuss freshwater phytoplankton, 50um filtrated
water (510 ml/day) from a rotifer8rachionus rotundiformisearing tank and 5 mg/I twice a day of

Epicin G2 (probiotic) as bacterial and biofilm promoter as base diet and etiher a mixture of Algamac 3000
(1 mg/l) plus brewer’s yeast (3 mg/l), Algamac 3000 (1 mg/l) plus micropd®giarlina<20 um

(Mackay Marine® (3 mg/l) or brewer’s yeast (3 mg/l) plus micropow8pirulina<20 um (Mackay

Marine®) (3 mg/l) with four replicates per feeding treatment at a larval density of 0.25 larvae per ml.
Similar results were observed in terms of 0% survival at 120 hourg/afkesack absorption. For this
experiment, several larvae (n=16) per experimental unit were collected and processed for gut content
with a solution of 1% potassium hydroxide, finding no evidence of food intake and/or intestinal content
within two hoursafter first feeding of the day 96 hours after yolk sack absorption.

A third and fourth trials were conducted in rearing tanks with a promoted biofloc and biofilm using shade
cloth strips as substrate; tanks were maturated for a 8d period tank withuoastadding of a mixture of
50-80,000 cell/ml ofChlorellaandScenedesmus freshwater phytoplankton and Epicin G2 plus honey

as carbon source to promote bacterial growth and biofilm. In both trials the presence of at least two large
sized protozoans (#tunder taxonomical identification) terminated all larvae within 48 hours after tank
was stocked with aprox. 5000 larvae in four 45 L tanks (rearing density 0.1 larvae/ml).

At this moment a fifth and sixth feeding experiments are underway, using aemtbi80,000 cell/ml

of ChlorellaandScenedesmuws freshwater phytoplankton and Epicin G2 (5 mg/l) twice a day,

experiment #5 includes different volumes of 35 pum filtrated Greater originatedin 250 L tanks

tilapia (Oreochromissp), as well as dier a mixture of Algamac 3000 (1 mg/l) plus brewer’s yeast (3

mg/l), Algamac 3000 (1 mg/l) plus micropowdgpirulina<20 um (Mackay Marine®) (3 mg/l) or

brewer’s yeast (3 mg/l) plus micropow@pirulina<20 um (Mackay Marine®) (3 mg/l) with four

replicaks per feeding treatment at a larval density of 0.25 larvae per ml. Experiment #6 includes a gradual
increase of water salinity 2.5 a per day, increas
the time using the same feeding treatmentsrdssd above, with the only exception that all replicates are
inoculated equal amounts 85 pum filtrated Greetwater, having as pending results, checking for larval
survival at 120 h after yolk sack absorption, gut content and sizing.
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09HHIO1UH - Co-management and bivalve sanitation for black cockles (Anadara spp.) in Nicaragua

A synthesis report on the cockle-omnagement and bivalve sanitation work from March 2@@éch

2010 was completed in Spanish. This report was submitted to government agethgiagraers. The

Ministry of the Environment is reviewing the report as part of their efforts to determine whether the use of
communitybased ndake zones can be adopted as a legal alternative to the current closed season, which
is largely ineffective. Meawhile, maintenance was conducted for the cockieake zones (i.e. the areas

had their boundary markers replaced). CIDEA/UCA personnel continued outreach to the community to
foster continued compliance with the-take areas. Overall this effort is goimgll with continued strong
support from the communityCockle populations will be sampled in the upcoming quarter.

CIDEA/UCA personnel also met several times with the Aserradores community members to make
progress on cockle sanitation and to structhiesatdminstrative committee for the Depuration Center.
Although community members continue to use the open water area for depuration, CIDEA/UCA has
additional funding from the EU to install a solar electric depuration plant for the commirhityis

viewed as a model for other areas of Nicaragua and MExico where remote communities cannot use relay
and depuration methods since water areas close enough to monitor are too contaminated and where lack
of electrical power makes standard depuration plants infges3ihis work, if successful, may help the
situation at Boca de Camichin, Mexico, where open water depuration was shown not to be feasible in the
previous CRSP work.

CIDEA/UCA personnel are also working on replicating the successftdkecockle zoneis other
communities.An agreement was recently signed with the Foundation of Friends of Rio San Juan
(FUNDAR) in southern Nicaragua) to replicate thetake zonesWork will proceed with FUNDAR, the
Autonomous University of Leon, LIDER Foundation, Maistry of the Environment, Ministry of

Forestry, the Mesoamerican Biological Network and Conservation Chapter of Nicaragua to organize an
event called, "Forum for the defense of mangrove ecosystems, guaranteeing the biodiversity and food
security of theancient cockle collecting communitiesThis event is intended as a planning workshop to
develop joint strategies to protect biodiversity and offer alternative livelihoods. This event is scheduled
for Oct. 21 and 28, 2010.

Training was also conducted:
1) workshop for Aserradores cockle collectors, "Requirements for food safety and quality”. March
19, 2010.
2) workshop for Aserradores cockle collectors, "Requirements for commercialization and export".
March 27, 2010.
Visits were also made to sixteen communitid®re cockle collection is a major livelihood to document
the socioeconomic condition of these communities and to conduct outreach on the utskefzomes
for cockle fisheries management.

09HHIO2UH - Capacity building in aquaculture, fisheries managemt and coastal management for
coastal women. Workshop: Opportunities for Coastal Women in Fisheries, Aquaculture and Coastal
Management

Planning for this activity is underway. The workshops are expected to be held in May and June 2010.
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PRESENTATIONS & PUBLICATIONS
TableVI-10. Presentations

Title Author(s) Type Event Location
CONCENTRATION OF OR®NIC )
MATERIAL IN OYSTER (Crassostrea givr;ﬁn NLIJeCz ((); . (F:{gﬁ/g?igel\jlartinez Xvourgjculture San
corteziensisGROWING WATERS AT LB Cgrona' st E. Goaxiala Ol Sgciet Diego,
BOCA DE CAMICHIN, NAYARIT, Carnocho : Meetiny . CA
MEXICO ’
DEVELOPMENT OF THE PACIFIC FAT I(\S/Igflt:‘g’ ﬁ'asv‘;‘g[ﬂﬁ:rzm'\g'sg d(r)i"uez World San
SLEEPER Dormitator latifrons FOR D Elad}o Gaxiola C Ale'andrg Oral Aquaculture Diedo
DIVERSIFICATION OF AQUACULTURE o =20 Rt = G‘uer | Society c Ag '
IN LATIN AMERICA . ' y Meetings

Guevara, Francisca Cotera

TableVI-11. Publications

Haws, M.C., B. Crawford, S.C. Ellis, N. Jiddawi, A. Mmochi&axiolaCamacho, G. Rodriguez
Dominguez, G. Rodriguez, J. Francis, C. Rila€lair, A. SaborieCoze, N. Hernandez, E.
Sandoval, K. Dabrowski, M.C. Portella and M. Jaroszewska. 2010. Aquaculture research an
development as an entppint and contributor taatural resources and coastal
managementCoastal Management Journg@ubmitted)

Crawford, B.C., M.D. Herrera, N. Hernandez, C. Ria€lair, N. Jiddawi, M. Semba, M.C. Haws.
2010. Small Scale Fisheries Management: Lessons from Cockle HarveMNararagua and
Tanzania. Coastal Zone Management Journal. 38:32195
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LEAD USUNIVERSITY : UNIVERSITY OF MICHIGAN

IMPROVING SUSTAINABILITY AND REDUCING ENVIRONMENTAL |IMPACTS OF AQUACULTURE
SYSTEMS IN CHINA , AND SOUTH AND SOUTHEAST ASIA

PROJECT SUMMARY
This project contains a collaboratively defined series of studies with host country counterparts in China,
Nepal, Thailand, Bangladesh, and Vietham. The experiments listed were defined largely by the host
country scientists, in consultation with theniversity and government colleagues in each country. The
priority of each experiment or study is exemplified by the fact that of all possible studies to be done, each
investigator believed this was the most important one, currently.

Investigation #1@9BMAQ3UM) is the next step of our continuing work in Nepal. We have done
experiments testing various species combinations in polyculture, and this experiment adds tilapia and
sahar, a highly valued local fish, to the mix. It intends to use sahar asgidabkcontrol to limit natural
reproduction of tilapia, producing a cash crop of its own as well as allowing for tilapia culture without
extensive hatchery systems to produceresersed fish.

Investigation #2 (09BMAO04UM) tries to use recirculatieghnology from indoor shrimp systems to
improve water quality and reduce the effects of effluents and solid waste from outdoor pond systems on
the local environment. Shrimp culture is very important to China for internal food uses as well as export.
Howe\er, water quality is equally important, given the difficult state of many natural waters there. This
system, if successful, should create a cost effective way for small scale farmers to adopt recirculating
technology without a large investment in wateatment systems. It is also related to Investigation #5
(0O9BMAOQO5UM).

Investigation #3 (09QSD03UM) returns the AFCRSP to Bangladesh with work on prawn culture in
Bangladesh, this time using polyculture of prawns with mola, an important indigenous fishs Rraw

quite valuable and can produce high economic value, but most farmers rely on their ponds for household
consumption as well. Adding mola to prawn ponds should provide a food resource for the household
along with a cash crop, and allow small scalentens to benefit nutritionally as well as economically.

This study is also related to Investigation #7 (09BMAO6UM).

Investigation #4 (0OMNEOQOL1UM) continues our work on invasive species, this time looking at the invasion
dynamics of red swamp crayfish in @hi This species has caused problems in many areas, because it is
often introduced by aquaculture systems but escapes and becomes a damaging invasive species. This
study will apply genetic techniques, along with population dynamic studies, to evaluakécihie

sources, and routes of invasion of the crayfish in China. This study relates to Investigation #8
(OSMNEO5UM) as well.

Investigation #5 (09BMAO5UM) is another study on improving shrimp aquaculture systems, this time
using indoor recirculating tecblogy in China. The study will conduct experiments in a commercial

indoor recirculating system, and look at various water treatment options as well as existing technology to
determine their effects on water quality and shrimp production. In additiomsttiaig will continue our

work on microcystins in pond aquaculture by evaluating a number of natural shrimp ponds and other
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systems for the existence of microcystins in algae blooms, and the limnological characteristics associated
with these blooms. It is miilar in nature to Investigation #3 (09QSD03UM).

Investigation #6 (0OMNEO3UM) continues the work from the last work plan on life cycle assessment of
shrimp production in China. This study applies other techniques, including mass balance models,
economic aalyses, and best management practices to evaluate the environmental effects of various
culture options, and in doing this to assess the likely outcome of some practices from an ecological,
social, and economic perspective. It has some related elemémigstigations #3 and #5.

Investigation #7 (09BMAO6UM) continues work from our earlier surveys in Thailand, Bangladesh, and
Vietnam on prawn culture systems. This study is a workshop to inform practitioners in Thailand on
various management practices usethe country, the economic analyses of their success, and other
aspects of aquaculture practice for prawns. It will also encourage exchange of information from
participants, especially farmers, in an attempt to better educate each other on sustaihahain

culture.

Investigation #8 (09MNEO5UM) will refocus our work on biodiversity in reservoirs and the effects of
introduced species on native fauna. Our studies to date have been on larger reservoirs with numerous
introductions and large fisherieAlhile these systems are interesting, they are very difficult to evaluate
guantitatively. This study will use surveys of a number of small irrigation reservoirs, as well as local
studies on several of these reservoirs, in an effort to better defineabts eff introduced fishes on the
native fauna.

Finally, investigation #9 (09MNEO6UM) will convene a symposium to review the interactions between
semtintensive aquaculture and biodiversity. Participants will include CRSP scientists as well as other
recogiized experts in this field. The effects of aquaculture on biodiversity is controversial, and needs
better resolution and broader analysis in order to gain a better perspective on what aquaculture should do
to minimize these deleterious effects. This syriyoswill focus on semintensive aquaculture to deal

more effectively with the CRSP mission as well as utilize our experiences in research, and also to help
understand the factors involved in srredhle fish farming.

Overall, these nine investigationsaspa wide variety of university participants, countries, subjects, and
methodologies. This breadth is very important to the aquaculture community as well as to the vitality of
our research group. We believe that these studies will help provide furthenarimn to fine tune
aquaculture systems throughout the world, and will result in considerable improvement in aquaculture
practice as well as published literature to expand the impact beyond the boundaries of this region.

Photo in Vietnam courtesy ofnd Diana
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PROJECT PERSONNEL

Bangladesh Agricultural University Shanghai Ocean University, China
Mohammed AbduWahab- HC CaPI Liping Liu- HC Lead PI

Min Jiang- HC Investigator
Hainan University, China Dai Xilin - HC Investigator

QiumingLai- HC CoPI
University of Michigan

Huazhong Agricultural University, China James SDiana- US Lead PI
WeiminWang- HC CoPI
ZexiaGao- HC Investigator World Wildlife Fund in Asia

Flavio Corsin- US Collaborator
Institute of Agriculture & Animal Science,
Nepal Wuhan University, China
Madhav K.Shrestha HC CoPI Biyu Song HC CoPI

Network of Aquaculture Centres in AsiaPacific Nong Lam University, Vietham

YuanDerun- HC CoPI HungLe Thanh- HC CoPI
HoaNguyen Phu HC Investigator
LuongVu Cam- HC Investigator

INVESTIGATION PROGRESSREPORTS
Printed as submitted by James Diana, US Lead PI

09BMAO3UM - Incorporation of tilapia (Oreochromis niloticus) and Sahar Tor putitora ) into the

existing carp polyculture system ifdiousehold nutrition and local sales in Nepal

Two experiments were proposed for this study. The first was on station at Institute of Agriculture and
Ani mal Science (I AAS) , Rampur, and the second on -
experiment is ongoing at IAAS Aquaculture farm. Twelve earthen ponds averaging $&@ 1115152

m?) are being used for this experiment. The experiment ieslfolr treatments with three replications:

carp polyculture (7000 fish/ha) (Treatmehntcontrol); carps (7000 fish/ha) tilapia (3000 fish/ha)
(Treatment2); carps (7000 fish/ha) tilapia (3000 fish/ha) Sahar (500 fish/ha) (Trea8)esdrps (7000

fish/ha) tilapia (3000 fish/ha) Sahar (1000 fish/ha) (Treatrd@nEpecies combinations for carp

polyculture is 30% silver carp, 20% bighead carp, 25% common carp, and 5% grass carp, whereas rohu
and naini were 10% each. The fingerlings were stocked in pontig duly 2010. Ponds are fertilized

weekly. Locally made pellet feed of about 20% CP is prepared from rice bran, maize flour, mustard
oilcake, and soybean oilcake at 2:2:1:1 and is offered on alternate days at the rate of 2% total fish body
weight betwee®-10 am. About 10 % of the fish were sampled on 16 August for growth sampling.

Feed requirement for the second month was calculated on the basis of average weight calculated during
growth check. This experiment continues as planned.

09BMAO4UM - Study o the effectiveness of a portehsed recirculating system for shrimp culture

From March 2010 to present, two €ha earthen ponds have been selected as treatments felgee
recirculating systems of shrimp culture in the Haoshideng shrimp farm. Twoaseponds with the

same size of 0.3 ha have been used as controls. Water is not recirculated in the control ponds, but
exchanged at a fixed rate throughout the culture period. Stocking density in each pond is 1,000,000 PL/ha.
For comparison of water quiy and production performance in recirculating and closed; non

recirculating shrimp culture ponds, water quality in each pond has been recorded biweekly. Water quality
analyses include total suspended solids, total ammonia nitrogen, total nitrogero{@Nyhosphorus

(TP), COD, nitrite, active phosphorus, total bacteria density, and Vibrio density, following standard
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methods. Dissolved oxygen, pH, temperature, and salinity have also been measured. The number and
weight of seeds, feed, and the amounvafer exchange have also been recorded.

The shrimp were harvested in July 2010 and the experimental data is currently being analyzed. By
comparing the shrimp growth rate in treatment ponds and control ponds, we found that shrimp grow
slower in the treatemt ponds, mainly due to poor water quality. Without water exchange, treatment
ponds have higher particle organic matter and COD values, but lower pH value and dissolved oxygen
concentration, which may negatively affect the appetite of shrimp and jeapatdimp growth. A

possible explanation is that the stocking density of shrimp in the treatment ponds is too high. Based on
this experiment, we plan to repeat the experiment at reduced stocking densities next year.

09QSD03UM- Development of polyculturéechnology for giant freshwater prawndfacrobrachium
rosenbergii) and mola (Anblypharyngodon mola)

An experiment has been carried out since July 2010 to identify the effects of the addition of mola at
different densities to giant freshwater prawn productind to compare the growth and production
performance between all male and female giant freshwater prawn culture. There are five treatments
(numbered sequentially): all male prawn 1mola/m2, all male prawn 1.5 mola/m2, all male prawn 2
mola/m2, all male i@awn alone, and all female. Prawn stocking densities were 3 juvenites il

treatments. Major water quality parameters are being measured fortnightly, and fish are weighed monthly.
The water quality parameters were within the suitable range for @magvmola culture during 60 days of
observation. All male freshwater prawn showed better weight gain (7.69g) than all female prawn (3.739)
and all male prawn with 1.5/m2 mola (T2) demonstrated better growth than prawn with 1 and 2 mola/m2.
The research isiiprogress.

09MNEO1UM - Invasion of the red swamp crayfisfiProcambarus clarkii) in China: genetic analysis

of the invasion and the impacts evaluation

Two experiments comprise this study. The first involved collections of samples of red swamp crayfish.
Cadllections in 38 sampling sites from Chongging, Anhui, Hubei, Hunan, Jiangsu, Jiangxi, Shanghai, and
Zhejiang provinces have been completed. In order to better evaluate and understand the sources, extent,
and routes of this crayfish in China, collections also being done in the natural range for this species,
including Louisiana, Texas, Florida, California, Kentucky, Pennsylvania, as well as in Saitamaken, Japan,
which will serve as an outgroup for the genetic analysis.

The second experiment is an ealan of genetic structures of different red swamp crayfish populations.
DNA extractions have been conducted. MicrosatellitesGyidare being used as markers. A total of 34
microsatellite primers have been synthesized. Results of polymorphism anétygise microsatellites

have shown that 21 microsatellites are polymorphic. Continued experimentation will focus on obtaining
genotypes and Cyt b sequences and performing software analysis to evaluate the sources, extent, and
routes of red swamp crayfist China.

09BMAO5UM - Development of indoor recirculating culture systems for intensive shrimp production

in China

Litopenaeus vannamei culture in the Shanghai stagéed more than 20 days later than previous years
because of bad weather and low tengpure A lab was established in an experimental farm so

researchers could track the aquaculture process more precisely. Indoor experiments have been delayed
because construction of the greenhouses is still in progress, so outdoor ponds with fout widfieren
management systems have been investigated first.

Ponds with the size of 50m (L) x11m (W) x1.5m (H) were used for the experiments. Water quality was

analyzed biweekly. Different water quality conditions were observed in ponds with differenteinéatm
models. Water quality in model 1 ponds was the worst with the lowest DO, variable pH, and the highest
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COD, nitrite and ammonia values. An algae bloom occurred in one model 1 pond. Models 2, 3, and 4
were much better with lower concentrations of COD,2N\Q and NH3N, higher and stable DO, and
stable pH which provided an appropriate environment for shrimp. The water quality analysis will
continue until harvest season, and then food quatitjuding flavor of shrimp, will be monitored for

each differenmodel.

Microcystis aeruginosa is found wonldde in fresh, brackish and marine water environments and its
blooms occur especially in eutrophic freshwater bodies. Its metabolites, namely microcystins, are the
most common and dangerous group of cyanotoaimd have been proven to cause damage to aquatic
animals. In our research, larvae of crayfish Procambarus clarkii were exposed to different concentration
of Microcystis aeruginosa (1.0x106 cells/ml, 5.0x106 cells/ml, 1.0x107 cells/ml, and 2.0x107 xadls/ml
investigate the algaeds impact on survival and he,
time, adult crayfish were exposed to different concentrations of Microcystis aeruginosa(1.0x106
cells/ml?5.0x106 cells/ml and 1.0x107 cells/mipdotal hemocyte counts density (THCs), content of
hemocyanin in the serum, superoxide dismutase (SOD), peroxidase (POD), phenol oxidase (PO) and Na
/K -ATPase in the gill filaments were determined. The results showed(fatlicrocystis aeruginosa
cansignificantly reduce the survival rate of crayfish larvae. When algae cells reached 5.0x106 cells/ml,
the survival rate was only 68.33%, which was significantly lower than the control group(p<0.05.
Additionally, the 1.0x107 cells/ml group had significgridwer survival (61.67%) than the control group
after 19 days (p<0.05). (2) The hepatopancreas of larval crayfish became darkened and hepatopancreas
cells were observed to be damaged under transmission electron microscopy. (3) THCs of the adult
crayfish ncreased significantly and stayed at high levels after being exposed for one day. The content of
hemocyanin was not significantly affected at the beginning but decreased after 5d(p<0.05). The activity
of T-SOD in serum was inhibited after one day, and adivated to a high level on the fifth day. The

activity of POD and PO showed fluctuation trends. The activity of Na&/KP in gills dropped

significantly after one day(p<0.01), then increased and stayed at a high level. The results indicated that
Microcystis aeruginosa had a negative impact on the survival of juvenile crayfish and affected immunity
of adult crayfish, which may cause poor grout of crayfish in culture systems.

09MNEO3UM - Integrating environmental impacts, productivity, and profitabiliof shrimp

aguaculture at the farmscale as means to support good aquaculture practices anecedification

The case study was conducted in Hainan Island, China to optimize shrimp aquaculture systems in terms
of environmental sustainability, economi@ility, and social acceptability. There were three

components in this study, including mass balance modeling, economic analysis, and social analysis. Data
were collected at shrimp farms on Hainan Island during the summer and early fall of 2010 ans snalysi
ongoing.

For mass balance modeling, one intensive shrimp farm with 6 ponds (about 0.33ha/pond) and-one semi
intensive shrimp farm with 6 ponds (1 ha/pond) were selected. Water quality, shrimp growth, and farm
management of each farm were monitoradgekly throughout the entire culture cycle (about 90 days),

from early April to July. Shrimp podarvae (PL) were stocked at the density of 150 PL/m2 in intensive
ponds and 30 PL/m2 in sedimtensive ponds. Commercial feed was applied as the main safurce

nutrients for each farm. Average FCR was 1.6 in intensive ponds and 0.95-imtsgsive ponds. Three
models of N, P, and C will be developed to evaluate nutrient dynamic changes in the ponds over time.
Differential equations for N, P, and C dynamia$i be formulated based on mass balance and nutrient
sources, and sinks. The models will be used to evaluate the impact of variation in water exchange rate (0
100%) and stocking density-@D0 m2) on water quality by predicting the concentrations of Ngriel C
metabolites, and phytoplankton in the water column. This analysis is expected to be completed by winter
2011.
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For economic analysis, two sets of questionnaires regarding cost, benefit, and disease risk were developed
for shrimp monoculture and peulture. There were mainly three types of shrimp farming in Hainan

Island, including intensive, sermtensive, and polyculture. To better understand the differences of each

type, they were further divided into the groups Intensive Commercial, Intdfesimity, Semiintensive

Family, and Polyculture of Shrimp and Grouper. Ten farms of each type at different scales were selected
and interviewed in late August 2010. This economic analysis will assess production costs and system
profitability under differentnanagement strategies to determine how stocking density, farm size, and
disease may affect profitability. This analysis is expected to be finished by winter 2011.

For soci al anal ysi s, anot her two s e tasdthe potemfialse st i on
of treating farm effluents were developed for shrimp farmers and other villagers around shrimp farms.

Fifty shrimp farmers and 50 other villagers were randomly selected and interviewed in August 2010. This
substudy will examine if quatly of life of farmers is improved by shrimp aquaculture, and probe

farmerso6 attitudes on effluent treatment. This an,

09BMAO6UM - Identifying best practices to improve the giant river prawn industry in Tlaad

This workshop is planned for the summer of 2011, so no substantial progress has been made to date.
Preparation for the workshop is under way, including gathering background papers, identifying
participants, and finalizing schedule.

09MNEO5UM - The impact of fish stocking on wild fish populations, fish production and the

ecosystem of irrigation reservoirs in South Vietnam

We have selected eight irrigation reservoirs in two provinces for survey and data collection. Also, three
master's students hakeen selected to carry out their theses in the project.

Southeast Vietham is characterized by uphill geography. To support agriculture in this area, more than 50
small reservoirs (from 10 to 50 ha) and about 10 medium reservoirgl(®0Ba) were builtdr irrigation.

We will estimate the degree and extent of damages on fisheries and biodiversity of indigenous fish
species due to the introduction of cultured fish species in 8 small reservoirs. These reservoirs include 3
without stocked fish (Bau Um, Subai, and Hung Phu Revervoirs in Binh Phuoc Province) and 5 with
aquaculture practices (Dong Xoai, Sa Cat Reservoirs in Binh Phuoc Province, and Cau Moi, Da Ton and
Gi a Ui Reservoirs in Dong Nai Province),Donfhe rese!
Xoai, Sa Cat, Cau Moi, Da Ton, and Gia Ui are 60, 30, 18, 450, 45, 320, 350, and 320 ha, respectively.
Bimonthly surveys were carried out in Dong Nai Province since July 2010 and Binh Phuoc Province

since August 2010 to estimate the total catchfesfidspecies composition at studied reservoirs. In

addition, bimonthly field sampling was also carried out at Cau Moi Reservoir since July 2010 and Bau
Um Reservoir since August 2010 to measuring water quality and to estimate the biomass (in dry weight)
of natural food chains including phytoplankton, zooplankton, benthos, detritus, terrestrial plants, and main
fish species groups. At the end of the sampling year in August 2011, Ecopath 5.0 models will be
constructed to evaluate the stocking rate and fish@arrying capacity for each reservoir. Since the

studied reservoirs vary in characteristics such as area, fish species composition, fish stocking, hydrology,
morphology, physice@hemical conditions, and management regimes, we will have to adapt the fiel
sampling and surveys at each reservoir to take these differences into account.

09MNEO6UM - Evaluating the relationship between sefimitensive aquaculture and natural

biodiversity

The effects of aquaculture on biodiversity have been the subject ofrewertit debate, but most of this

debate focuses on two particular aquaculture systems: shrimp and salmon. However, these are not among
the most common species grown in aquaculture, nor the most common systems used. Many aquaculture
systems ussemiintensiwe culture to produce fish at a lower level of intensity and using more natural

systems, often in ponds or other containers. Setansive aquaculture has a very different potential impact
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than intensive aquaculture, and the specific impact in this assadhdeen well defined. The role of
intensification in aquaculture and agriculture is the subject of much debate today, so this is a good time to
consider the relationships between lower intensity aquaculture and biodiversity as a part of that debate. Thi
symposium is proposed to provide evaluation of the main impacts ofistemsive aquaculture on

biodiversity, and to seek means of reducing these impacts of aquaculture expansion on natural communities.
Planned speakers include: Jim Didn@verview, Drector, Michigan Sea Grant, Professor, School of Natural
Resources and Environment, University of Michigan. Gabrielle Canonico Hfects of Invasive Species,
RegionalCoor di nat or , NOAAGs I ntegrated Ocean Observing
Effects of Invasive Species, Professor, Dept. of Coastal Sciences, Fisheries Ecology, University of Southern
Mississippi. Todd Slack Effects of Invasive Species, Curator, Mississippi Museum of Natural Science.
Claude Boyd Effluents and Eutrophicatip Professor, Auburn University. Melba Bondddantasa

Diseases and Parasite, Fisheries Department, F&Elipe C. Cabelld Effects of antibiotics, Professor,

New York Medical College. Ling CaioEnvironmental Performance, Ph.D. student, Schoblattiral
Resources and Environment, University of Michigan. Marc VerdégEmvironmental Performance,

Senior Lecturer and Study coordinat@nimal Sciences, Aquaculture and Fisheries, WU. Albert Tdcon
Use of Feeds, Technical Director, Aquatic Farms Kimhrad Dabrowski Use of Feeds, Professor,

Schod of Environment and Natural Resources, ThedO$tiate University. Robert Pomerbysocial and
Economic, Impacts, Professor, Connecticut Sea Grant Extension. RichisatP&ocial and economic
impacts (not confirmed yet), Professor Emeritus, University of Rhode Island

09WIZ03UM - Improved cages for fish culture commercialization in deep water lakes

Eutrophication and concomitant algal blooms are a frequent occuire@béna. Nutrients released from
aquaculture operations are a contributing factor to eutrophication in freshwaters. This study assessed the
impacts of improved commercial freshwater aquaculture cages designed to reduce nutrient waste inputs
into the wate column. The study took place on Longtan Reservoir in southern Guizhou Province, China.
These experimental cages feature a sediment collector under the cages, which allows for the removal of
feces and waste feed from the water column. The new cagestaekedswith catfishiftalarus

punctatu3 and also feature an outer cage stocked with bigheadidgpophthalmichthys nobilis),

common carpQyprinus carpid, and tilapia Qreochromis niloticusthat feed off plankton in the water

column and improve wateuality around the cages. A phosphorus mass balance model was created to
guantify the nutrient releases from aquaculture cages. The experiment began in June 2010 and data
collection will continue until October 2010. Fish weight and length were measuteganonth to

establish growth rates. Fish carcasses, feces, and fish feed were analyzed to determine the percent
phosphorus of these components for the model. The sedimentation rates were also measured by sampling
the sediment from the sediment collecifater chemistry data was also collected:sN@O,, TN, TP,

TSS, pH, Chla, NH,, temperature, and Secchi depth. Samples were collected inside each cage, and 1 m
outside the cages at depths of 0.5, 5, and 15 m. Additional samples were collected 1 kmm @psirea
downstream of the cages, as well as in the bay where the cages are located. These samples were used to
determine the background levels of phosphorus in the reservoir, independent of the experimental cages.
An additional digestibility experiment wile conducted at the University of Michigan in fall 2010. Using

fish feed from China, the fraction of digestible phosphorus will be determined for the feed and used in the
mass balance model. The fish will be harvested in October 2010 and data will hatimtut model and

final results created in winter 2011.
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PRESENTATIONS & PUBLICATIONS

Table VF12. Presentations
Title

ADVANCES IN OPTIMIZING POND CULTURE SYSTEMS

DR. YANG YI: AMEMORIAL

LESSONS FROM ASIA FOR RICEEISH CULTURE IN MALI
IN WEST AFRICA

EFFECT OF THE Microcystis aeruginosa ON THE WATER
FLEA Daphnia magna AND THE RED SWAMP CRAYFISH
Procambarus clarkia

Nitrogen and phosphorus budgeiritensive pond culture of
Litopenaeus vannamei in Hainan, China

LIFE CYCLE ASSESSMENT OF SHRIMP FARMING IN
CHINA TO SUPPORT MORE ENVIRONMENTALLY
SUSTAINABLE AQUACULTURE

ELIMINATING MICROCYSTINS-PRODUCING ALGA
Microsystis aeruginosa BY USING CHITOSAN AND PAC
MODIFIED CLAYS

PREY FORAGING HABITS OF MARBLE GOBY (Oxyeleotris
marmoratusFINGERLINGS TO DIFFERENT PREY TYPES

INVESTIGATING ECOSYSTEMLEVEL IMPACTS OF
SHRIMP FARM EUTROPHICATION IN THAILAND
THROUGH STABLE ISOTOPE RATIO ANALYSIS, AND AN
EVALUATION OF ECO-CERTIFICATION'S POENTIAL TO
SUPPORT RELATED BEST MANAGEMENT PRACTICES

POLYCULTURE OF SAHAR Tor putitora WITH MIXEESEX
NILE TILAPA Oreochromis niloticus

GENETIC DIVERSITY, POPULATION STRUCTURE, AND
PHYLOGENETICS OF YELLOWCHEEK CARP Elopichthys
bambusa AS REVEALED BY MICROSATELLITES
MARKERS AND CYTOCHROME B SEQUENCES

EFFECTS OF DIFFERENT FEEDING METHODS ON
PERFORMANCES OF INTENSIVE POLYCULTURE OF

WHITE SHRIMP Litopenaeus vannamei AND RED TILAPIA
Oreochromis spp.

Table VF13. Publications
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James S. Diana, Yang
Yi

James S. Diana, C.
Kwei Lin

Liping Liu, Derun
Yuan, James H.
Bowman, Yang Yi,
Héry Coulibaly, Hillary
Egna

Liping Liu, Kang Li,
Taoying Chen, Yang
Yi, James S. Diana

Lai Qiuming

Ling Cao, James S.
Diana

Biyu Song, Yang Yi,
James S. Diana

Nguyen Phu Hoa, Yang
Yi

Sarah Kempke, James
Diana, Dhirendra
Prasad Thakur

Madhav Shrestha, Ravi
Sharma, Keala Gharti,
Yang Yi, James Diana

Zexia Gao, Khalid
Abbas, Weimin Wang

Derun Yuan,
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Yakupitiyage, Yang Yi,
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Oral

Oral

Oral

Oral

Oral

Oral

Oral
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Cao X., and Wang, W. 2010. Anatomical and histological characteristics of the intestine in the top
culter Culter alburnu$. Anatomia, Histologia, Embryologi&AHE-06-09-OA-094.R2.

Cao, X., and Wang, W2010. Haematological and biochemical characteristics of two aquacultured
carnivorous cyprinids, topmouth culteilter alburnu$ and yellowcheek carge(opichthys
bambusi Aquaculture Research0.1111/j.1365109.2009.02421.x.

Ling, Z. Jinliang, L., andQiuming, L. 2010. Studies on embryonic development, morphological
development and feed changeoveEpfnephelus lanceolatlarva. Chinese agricultural science
bulletin, Vol.26 No.1(Serial No.199).

Yu Gending, Jiang min, Xmbin, Dai Xilin, Gu Deping, Hu Weigua2010. Relevance analysis of
organic pollutants parameters in pinds of Litopenaeus vannamei culttiieghwater Fisheries,
2010,40(2): 6%69. (In Chinese)

Liping Liu, Taoying Chen, Kang Li, Xilin Dai,Yi Yangaines S. Diana2010. Effects ofMicrocystis
aeruginosaon the life history of water fleBaphnia magnasubmitted to Toxicon.

LIU Liping, LI Kang, YUE Yaling, YAN Jun, YANG Yi, James S. Dian2010. The Dangers of
Microcystins in Aquatic Systems, aRdogress of Research into their Detection and
Elimination. submitted to World Aquaculture.

Xiaoyun Zhou, Khalid Abbas, Mingyun Li, Libao Fang, Su Li, Weimin Wang. 2@6mparative

studies on survival and growth performance among diploid, triploidetraploid dojo loach
Misgurnus anguillicaudatusAquaculture International 18:34359
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LEAD US UNIVERSITY : OREGON STATE UNIVE RSITY

ASSESSING THEIMPACTS OF CRSPRESEARCH: HUMAN CAPITAL , RESEARCH DISCOVERY, AND
TECHNOLOGY ADOPTION

PROJECT SUMMARY
This project characterizes and assesses AquaFish CRSP's Phase {1R@DDRinvestigations. The
assessments will include the investigations' Phase | (2R0@9) histories to the degree that work from
Phase | is being materially carried forward int@&#ll. The present proposal is to be distinguished from
the AquaFish CRSP Synthesis Project presently underway (Evaluating AquaFish Accomplishments in a
Systems Framework), in which preliminary assessments of the CRSP's 38 Phase P(@3)7
investigatons are being conducted by topic category: Integrated Production Systems; Human Health,
Food Safety, and Valuadded; Technology and Policy Adoption; Marketing, Trade, and Risk
Assessment; and Watershed, Coastal Management, and Environmental Impatioklitiga

The Synthesis Project focuses, like the present project, on a central problem encountered when assessing
CRSP and many other agricultural research projects: the wide variegyndfcomplex systems

relationships amongCRSP investigations and c@ugient problems in characterizing and assessing the
investigations as a whole. Investigation heterogeneity in the AquaFish CRSP is manifold. It includes the
variety of investigation goals (human capital formation, research, outreach), the variety ofesutcom
(aquaculture profitability, human health, ecosystem quality), and the variety of their technological and
cultural settings. Such variety complicates issues already present in CRSP program assessment, in
particular the evepresent data and conceptudfidulties in distinguishing CRSP program influences

from other factors affecting a fish farm setting.

AquaFish CRSP assessment faces the additional challenge that the structure for collectirgpemject
assessment data, and resources to suppdricallection, have not been built into the CRSP investigation
workplans and must be added after the investigations have been partially completed. Opportunities for
collecting some relevant baseline (m®ject) data thus are lost, and resources for gathether data

are unavailable. Because situations of this nature are often unavoidable, an effective assessment plan must
take into account the data that will feasibly be available. See, for example, the recent review of
assessment methods at CGIAR cen(@@GIAR Science Council 2009), and CGIAR current impact
assessments of scientific and polmyented research (CGIAR Science Council 2008). The current
synthesis project has succeeded in: (a) conducting a detailed examination of AquaFish CRSRutoject
investigationlevel settings, objectives, and goals; (b) provided assistance with DTAP terminology
definitions; (¢) assembling a list of the quantifiable study inputs and outputs of each AquaFish CRSP
project and investigation; and (d) conducting a nevié the literature on probability elicitation and

Bayes probability updating, useful for developing the methods we will use to elicit investigations'
probabilistic output information; (e) opening communication with the AquaFish Pls in order to assemble
investigations' input data.

Besides deepening our analysis of AquaFish CRSP's inputs and outputs (Investigation # 1,

09BMAO70R), we will assess the economic, environmental, and gender impacts of those study outputs
(Investigation #2, 09TAPO50R). The Tradieahalysis and MinimurrData methodologies already have

been developed as part of the Soil Management CRSP that ended in 2007. They have been widely applied
and disseminated. Further details are available at www.tradeoffs.montana.edu. We also plan
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(Investication #3) to hold a planning meeting in which HC participators will discuss data and methods of
evaluating research productivity and project impact assessment.

Besides introducing the work described under Investigations #2 (09TAPO50R) and #3 (09TAPO60R),
Investigation #1 (09BMAO70OR) will add to current synthesis project in two ways: (a) it will allow
attention to the CRSP's 2002011 activities, while the synthesis project can address its-22009
activities; (b) this project includes development@fen investigation case studies, one for each of the
AquaFish projects.

This project is part of the investigators' career interest in science and technology assessment, project
impact, and economic development. We plan to conduct fallpwesearch on pject inputoutput

relationships and impact evaluation in developing countries, possibly with support from the Bill and
Melinda Gates Foundation. Our focus will be on constructing assessment methods that are economically
rigorous but capable of implementatiin low-data and heterogeneous settings.

PROJECT PERSONNEL

Oregon State University Montana State University
SteveBuccola US Lead PI JohnAntle- US Co-PI
RobertoValdivia- US Investigator

INVESTIGATION PROGRESSREPORTS
Printed as submitted byteve Buccola, US Lead PI

09BMAOQ70R- Assessment of AquaFish CRSP Discoveries
FY 2010 accomplishments were:
1. Our oneday First AnnuaProject Meetindgor hostcountry investigators was held in conjunction

with the 2010 AquaFish Annual Meeting in San Diegol March 2010.Thirty-one AguaFish
host country investigators ad@ norhostcountry (US Pls, AquaFish and USAID staff, and
visitors) individuals attendedl' he meetingfocused on methods of research discovery and impact
assessmentDiscovery methodscluded procedures for measuring research accomplishment,
expressed in terms of the difference between t
findings. Although the example problems were drawn from the 209 investigations
which are spafic to our Synthesis project they werehelpful for sharpening understanding for
the presenproject as well, which covers only the 2002011 investigations.

2. Afour-page questionnaire allowing specification of each research investigation's inpstadynd
conditions was drawn up and circulated among AquaFish investigators for comrhent.
guestionnaire has now been distributed among host country investigators and thetitlling
process begun.

3. Similarly, a Bayesiabased questionnaire was formuthte enumerate each investigation's
treatments, settings, and information outputsvas sent to US and HC investigators for
comment, revised several times, and is now final fotnwasslated for further testingt our
October 4 7, 2010 Project Me#tg (see Investigation #3 reportye have decided not to
employ scoring rules in prigorobability elicitation.

4. Once the relevant host country investigator(s) have completed the input and output questionnaire

for each researetype 2009 2011 AquaFik investigation, we will pool the input and output data
to estimate a quantitative model of the factors affecting research sugtiessSynthesis Project

9C



AquaFish CRSP 2010 Annual Report

will cover the 2007 2009 investigations, employing the same modBlievelopment of the
structureof that model, and identification of the types and sources of data in the output and input
guestionnaires necessary to estimate it, occupied a substantial portion of our FY 2010

effort. Those questions are now solved and we are ready for estimatiorherdad are

assembled.

5. The wide variety of AquaFish research investigations makes it difficult to pool their output and
input data into a single quantitative framewoke demonstrated our questionnaires' flexibilities
in accommodating thamter-investigation variety by testing them with hastuntry investigators
in all seven AguaFish projectd.he tests included both controlledperiment and statistical
survey studies.

6. A similar difficulty arises in determining how to assemble tha daelf. AquaFish projects are
conducted in 14 countries and differ in research variety and geographic compléxity.
significant part of our work this year was to develop an administrative structure for data
collection that accommodates those variedwrnstancesThat structure is now in placé
contact individual in each of the seven projects, responsible for delivering the completed input
and output questionnaire data, has been tentatively identifiedare ready to contract with these
individuds to deliver the data by March 1, 2010.

7. Focus on the above issues has left inadequate time to meet ttstuchsdeadlines stated in our
proposal.Most of the work toward assembling a case study for each AquaFish project is
therefore being postponed the latter half of FY 2011.

8 Work toward these goals was facilitated by Ste
Vietnam, and Philippines from August 23 through September 15, ZlHé project site visits
were especially helpful in gathering lgcound information for the case studies planned under
this project.

09TAPO50RAssessment of AquaFish CRSP Technology Adoption and Impact
All items in the FY 2010 work plan were accomplished as planned.
1. A oneday First AnnuaProject Meetindor hostcourtry investigators was held in conjunction

with the 2010 AquaFish Annual Meeting in San Diego on 1 March 20hdty-one AquaFish
host country investigators and twelve rloostcountry (US Pls, AquaFish and USAID staff, and
visitors) individuals attended.he meetingfocused on methods of research discovery and impact
assessment (IA)A PowerPoint presentation on 1A was made, and was also made available on
the Tradeoff Project web sitenfyw.tradeoffs.oregonstate.gduMeetings were held with
investigators from each project to discuss potential 1A activities for their projects.

2. The TOAMD software was adapted for use with agricuktacpiaculture systems.
Documentation was updatedn application to an aquaculture system in Malawi was developed
and used to test the software.

3. AquaFish projects were reviewed in preparation for the project meeting held Ociblier 4
Seattle. At this project meeting, participating investigators were preditlrther details on data
needed for IA, the TOMD software and documentation, and a working example of 1A
analysis.Plans were made for investigator collaborations to implement the IA.

4. A paper on the IA methodology was prepared and submitted to tleeidem Journal of
Agricultural Economics for publicationt was in revision for publication as of October 2010.
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09TAPO60R Project Planning Meeting on AquaFish Technology Discovery and Impact Assessment
Preparations were made for the October74201Q0 A Assessing the | mpacts of
Meeting in Seattle, WAPreparations included:

1. In conjunction with the US and HC Pls in each project, identifying whichdmsttry
researchers would attend the Meeting.

2. ldentifying a Meeting site iBeattle, and working with the hotel staff to provide meeting
arrangements and accommodations.

3. Assisting prospective attendees with travel and visa arrangements.

4. Developing (or in certain cases adapting) research procedures and materialsdouhtrgt
attendees to use during the Meeting.

5. Formulating a fowday agenda providing for breakit as well as plenary sessions.
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Aquatic Resource Use and Conservation for Sustainable
Freshwater Aquaculture and Fishees in Mali

Mali Project Third Annual Report
October 1, 20®@ 1 September 30, 2010
Cooperative Agreement # 688-00-07-0004400
Leader with Associates Award EPPA-00-06-0001200

INTRODUCTION

TheMali Project, AfAquatic Resour c eSustaimbleFreshwaiepAggaeultuveandi o n
Fisheries in Mali, 0 operates through an award rec:
Associateso (LWA) award that establ desplaenddspahe Aqua
of three years (1 Octob2007 through 30 September 2010t was approved for a@onth necost

extensionNCE) at the end of the fourth quarter (on September 15, 2010). The NCE will allow the project

to complete a final training and a final report.

The overall goal othe prgect isimproving the productivity and income of producers in targeted areas of
Mali through facilitation of access to technologies and building the capacity of stakeholders involved in
freshwater fish farming and capture fisheries management. It is wdrkihree thematic areas to:
91 Facilitate access and adoption of improved aquaculture production technohagiegeted areas
to increase and diversify the incomes of farmers,
Build the capacity of the Government of Mali to develop and disseminate reteghnologies,
Identify appropriate strategies for the implementation of integrated rice and fish farming in target
areas,
91 Help develop an appropriate fisheries management plan to ensutetongiability and
sustainability of capture fisheries in tlagdet area, and
1 Help establish linkages useful for further development of aquaculture and fisheries in Mali.

1
1

The Mal.i Project 6sThhr e ojl-prenged spproabhAcsvards gacilitating
the development of sustainable aquaculturegout! fisheries management in Mali is being applied
through work in these thematic areas:
1 PondCultured Advancing Sustainable Freshwater Aquaculture Practices and Technologies
(Theme Leaders Charles Ngugiéry Coulibaly andMr. Boureima Traorg
1 RiceFishd Promoting Sustainable Ridéish Aquaculture in Irrigated SystertiEheme Leaders
Liu Liping, Héry Coulibaly andMr. Alassane dit Sandy Toyré
1 Fisheries Planning Building Community and Consensus towards a Fisheries Management Plan
(Theme Leaders Mrs. Nancy Gitongdéry Coulibaly andMr. Soumaila Diarra)
Theme | is working to identify, develop, and promote approppatel culture systenfsr
implementation in Mali. Theme Il is working to introduce appropriate adaptations afmmiog-fish
systemsbased on experience in China, into irrigated systems of the Niger River delta in Mali, and Theme
Il is seeking to involve locadtakeholderen theprocess ofleveloping sound fisheries management plans
(co-managemeit working initially at Lake Sélingué
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South-South Approach: TheMali Projecttakes a Soutsouth approach to developmey, bringingthe
scientific expertise and practicaxperience of CRSP partndrem host countries with more fully
developed aquaculture indussrite bear orthethreeprimary themeareasof the project.

PRIMARY COLLABORATING INSTITUTIONS AND PERSONNEL:
AquaFish CRSP, Oregon State University, Corvallis, Oregon, USA
(Lead US Institution)
Hillary Egna, Principal Investigator
James BowmarRroject Coordinator
Dwight Brimley, Business Manager

Direction Nationale de | a P°cheagmakgiMali st r
(Lead Mali Institution)
Héry Coulibaly, Principal Investigator and Theme Leader for Thepies& 111 (Pond Cultue,
Rice-Fish & Fisheries ManageménDirection Nationale de la Péche
Boureima Traore, Collaborator, Theme |
Madi M. Keita, Collaborator for Theme I
Alassandlit Sardy Touté, Collaborator for Theme II
Soumaila DiarraCollaboratorfor Theme Il

Ministere de | 6 £l evage et de | a P°che, Bamako,
Mme Diallo Madeleine BA, Minister

Kenyatta University, Kenya (Theme | Lead Institution)
Charles Ngugi, Theme Leader, Theme |

Shanghai Ocean University, Shanghai, China (Theme Il Lead Institution)
Liping Liu, Theme Leader, Theme I

FishAfrica, Nairobi, Kenya (Theme Ill Lead Institution)
Nancy Gitonga, Theme Leader, Theme Il

OTHER COLLABORAT ORS
Network of Aquaculture Centres in Asia-Pacific (NACA)
Derun YuanAssistantTheme Leader, Theme Il

FisheriesDepartment, Government of Kenya, Nairobi, Kenya
Peter Nzungi, Frame Surveypllaborator Theme Il

Mwea Aquafish Farm, Kenya
Charles NgugiTheme Leader, Theme |
James Mugo, Assistant Trainer, Theme |

PROGRESS MADE AND RESULTS ACHIEVED
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Pond Culture

Workshops
Charles Ngugi travelled to Bamako b January 20100 lead two workshops supporting -®Barm

Trials conducted under the Pond Culture theme. The first was-dagn@orkshop held to evaluate the
success of technologies and practices adopted by farmers in the first sefafr®rials, which had
been rurfrom July 2009 to January 2010, and the second was anothdagmweorkshop to set up the
second set of ORfarm Trials, which ran from January to June, 2010).

Farmer 6s regi st r at iFarm TrialmElaluatioraWorkshopdookf plaae ort MomriiayO n
January 2010Farmers selected for participation in the evaluation workshop included those that were
involved in the first OrFarm Trials plus an additiahthree farmers. During the evaluation, it was noted

that stocking of the ponds, which had been scheduled for 15 July through 31 July 2009, had been delayed
because the irrigation canal whose walerfarmerslepend on for filling their ponds was undepair.

However, DNP staff reported that 6 farmers were able to successfully stock their ponds in time and
harvestingpeganin early January 2010. All farmers who were in the firstkamnm Trials had harvested

their fish by February 2010.

Charles again treeled to Bamako o8 May 201Q to conduct two more workshops. The first was a one
day workshop on 10 May for DNP technical staff to train them on how to conduct a third séaaion
trials. The second was the postponed workshop on record keeping, bysamedevelopment, and
marketing of farmed fish, using models developed under AquaFish programs in Kenya and Ghana but
modified and translated for the Mali project. A wrap meeting was held at the end of the workshop on
Friday14 Mayto talk about thehird set of offarm trials and future projections of Theme 1.

On-Farm Trials

Two sets oOn-Farm Trialswer e pl anned a s PopdaCultureleme durlmgthegoursg e ct 6 s
of the project. The first set of trials was begun in-gutly 2009, and raantil mid-January 2010. Ponds
involved in the trials were monitored and sampled monthly by DNP personnel and our student participant
Ahmadou Nouh Sowfromthe Institut Polytechnique Rural de Formation et de Recherche Appliquée
(IPR/IFRA) (Rural Polytechmi Institute for Training & Applied research), Katiboug&@ampling for

growth was done periodically through the trial period and harvesting took place in January and February.
Sample and harvest data were summarized for the evaluation carried out ah#t@Barkshop in

January. Presentation of the harvest data was done by Boureima Traore, with other technical staff also
providing input on data that they had presented to the DNP. Production from these trials ranged from
1,352 kg to 9,090 kg for one crdpat took 6 months which translates into 2,704 to 18,180 kg/ha/yr.

Records presented during this workshop were from six farmers who were among the 15 farmers initially
selected for the trials. The results show that for these 6 farmers there has beendotrisimerease in
production per unit area, moving up from the 1,500 kg/ha/yr estimated at the beginning of this project to a
high of 9,090 kg/ha/6 months recorded during the trials (extrapolated this would be just over 18,000
kg/halyr).

During the firstset of oafarm trials Mamadou Kane, a dedicated DNP extension officer who had been
trained in Kenya last year, died and so his farmers experienced a setback in their trials.

The second seif On-Farm Trialswas initiated in January 2010, with stockifglee ponds occurring in
February. Sampling for fish growth was scheduled for approximatelynomeh intervals in March,

April, May, and June. Following the May workshops in Bamako, Chaltggyi, Boureima Traore, and
other DNP staff visited two of the fizipating sited the Jigiya Association ponds in Kaygmmono and
MofaF o f afarm @esr Baguinedato assess fish stocking and growth. It was observed that the pond
sizes in this set of efarm trials ranged from 49.50%to 6,300 M. At Kayo, where fislwere stocked on
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February 2%, sampling revealed average lergytiil5 to 16 cm and weidgh of over 80 g. At Mofa

Fofana6s farm the fish had been s tn¥pokdaddabont5Januar:
MT of fish in a tilapia pondCatfishsampled ranged from 28 to 33 cm, tilapia ranged from 15 to 23 cm.

In June a fourth sampling of the ponds in this set of trials was carried out and all ponds were harvested.
Evaluation of the results of this second set of trials and preparé&tioashirdset were ongoing as of the

end of this reporting period.

This pondnear Bamakavas selected for the second One of the Il arger fish sampl e
set ofOn-Farm Trialsand stocked with African rearingtanks near Baguineda.
catfish Clarias gariepinus.

Spinoff Activities
Since his training under this project, both in Mali and in Kenya,3dgdouT oé was not only
instrumental in the construction of the hatchery at the Sotuba training centesishlgoconstructed a
smadl hatchery facility at hisswn farm in Banco and begun producing catfish fingerlings for sale. To date
he has sold all the fingerlings he has produced. Mr. Toe has also conducted a number of other trainings
around the countngtarting with the trainingfalO young people in Bougouni (approximately 160 km
south of Bamako) in the techniques of pond construction and management in early No@Gthwgver.
trainings he has dorneclude the following

9 Training of 40 producers in pond construction in Ségou in Jgra@d.0

9 Training of 35 producers in pond management in Sanankoroba in February 2010

1 Training of 5 leading producers in pond construction in Gao in May of 2010.
Addi tional information about Mr. Toe is provided

| > T R e & SR
Pand construction in Bougouni (Ségu Toé)
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Following the wrapup of the first set obn-Farm Trialsin January, the Malian and Kenyan theme
leaders decided to set apd ruma third set of trialsThese trials werstarted near the end of the planned
project periodAugust/September 201Mutwill be monitored and evaluated beyond the project period
by DNPstaff. Ponds for those trials were selected in June.

The DNP reported that two new Koulikofarmers took up fish farming during the fourth quarter of the
year.

A new fish pond in Koulikoro (Tandiacoro).

: ‘: .
African catfish raised at the Tandiacoro farm.
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Rice-Fish Culture

Workshops
Three ricefish related workshops were held during this reporting year. Two of these were held in

November and the third in January. Theme leader Lipingdlang withYuan Derun and Sun Tao
visited Mali in November to conduct two workshops as well dmtwest the fouBaguineda areRice-
Fish Demonstration plots that were setimuguly 2009.

The first wor k Appmopriate AgWsloultukesPbslarpest dachnologiesd was hel d i n
Baguineda on 134 November. There were 24 participants in skshop,including fishers, fish

farmers, fish tradefmarketersprocessors, government officers responsible for aquatic food quality and
safety, and researchers. The objectives of the worksiogto examine the current status of pbatvest
procesgig practices, review the technologies available, identify constraints and problemstlianpest
processing, and recommend appropriate technologies for smalgesist businesseguan Derun
reviewed guaculture posharvest technologgnd itsroles in aquaculture development, poverty
alleviation, food security, safety and aquaculture tradd this wagollowed by Sun Tads presentation
coveringthe details opostharvest technologiescluding @oling, drying and saltinggndsmoking fish
Alassane Towreviewedcurrent practices of aquaculture postrvest processing in Malfter that, Liu
Liping introducediVe fishand fish larvadransportatiotechniques. Althe participants then discussed
issues and constraints of rifish culture in Mali. The experts gavasefultechnical solutions to the
workshop attendees.

The s econdWakshogkos Training ané Extension Capacity for Ritgh Culture 6 f ol | owe d
immediately after the first on 380 NovemberThere were 27 participaniis this workshop(including 7

government officials), whichimedto build training and extension capacity for government extension

officers, university teachers, and others working to develogisbeculture techniqued.he topics

coveredhistory, relevace, status, and development trenflgce-fish culture andrice-fish culture

systemgincluding ghysical structure and constructjdish componentspecies choiceseed production,

grow-out in rice fieldsandfeeds and feedingYraining and extension methods were also preseated

help build training and extension capacity

The third shorcourse wasaforday st akehol der workshop on fiBest Ao
Aquacul ture Pol i cy DNPfoNaadroximately 80rpgricipants, eaudibgyfisherd) e
fish farmers, middlemen, fish traders, government officers responsible for aquatic food quality and safety,
and researchers fro81 Januaryto 3 February 2010The objective of the workshop was to getera
recommendations regarding development and implementation of BMPs for Mali aquaculture through
careful review of the current status of aquaculture practices and policies in Mali, critical examination of
the existing guidelines and standards, and corultavith multiple stakeholders and expeffhie

workshop was led by Theme leaders Liping Liu (Shanghai Ocean University) and Alassane Tour
(Direction Nationale de la Péche), with assistance from Tang Jianye ($tdivorkshop covered
international priniples for responsible aquaculture practmguaculture status, practice and future
development trends in Makurrentpolicy and regulations oaquaculture in Malicode of quality and

safety management for aquaculture in Chauaglelinesfor drug usen aquaculturgtolerance for residue

of drugs in seafoodntegrated pest managemeamd tilapia culture and practicdswasfollowed by

group discussion and brainstarmm on aquaculture in Mali. Jeff Dorsewho works in the Niono area

and had contacteus during the previous quartattended the workshop and talked about-figke culture

in Mali. Finally, a Frenchranslation ofa document on fisheries standards in use in Chimatandard

industriel de la poissonnerie dans la République populdér€hinewas discussed and recommenttad
submssionto the DNP as a reference for work Mali. That document was included in our report for the

2" quarter.
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Rice Fish Demonstrations

As reported earlier, folRice Fish Demonstrationsad been started during the previous reporting year
duringthe month of JulyOn 19November 2009 he fish were harvestddom the firstrice field, that of
MamadouSamakeMr. S a ma kavestvasobservedy the participants of the Theme Il training
workshopandMr s . Di all o Madel eine BA, MinisteMoreof t he Mi
than 106 kg of fish were harvested from a field of approxima&4dynr (0.176 ha) in area. The harvest

of 106 kg extrapolates to just ovER60kg per hectare. This result was very appealing to Mr. Samake
because of thadditionalincome he was able to receive by selling the fish. His results have also generated
a great deal of interest among other rice producers in the Baguineda area, andrgieaiwhom began

to make plans for going into ridesh culture after the water supply was restored. All four demonstration
sites were harvested between Novembérafl 229, Students Fadima Keita and Bocary Diarra

continued to assist with the ri¢ish demonstrations right through the harvests.

SpinOff Activities

After seeing rice far mer M a Riee-Hish Den®rRstmationst ast25 ucc e s s
new Baguinedarea rice farmers chose to adapt their rice fields for fish productiamgduh i s rigee ar 6 s
production seasorhis is a5X increase over the four farmers winaunteered tgarticipate in our first

set of ricefish demonstrations. Several new designs for the layout of fish sump and access channels in the
fields are being ted, andDNP technical officers have been monitoring the preparation and stocking of

their fields, and with assistance from the OPIB, rice was planted into all of these fields in late June and

July. Fish were then stocked and harivegts planned for Deamber 2010 and January 200RSP

trainee Al hassane Toure fASandyd c oThericefishdasmerso be a
of the Baguineda area have also formed a cooperative to better organize themselves for sharing and
spreading this newechnology.

Two additional farmers in the Mopti area have also taken up this technology, bringing the total of new
farmers for this year to 23.

The DNP has been collaborating with otbeganizationssuch as the IICEMnd the Farmeto-Farmer
Programto share information and set trpining anddemonstrations in areas such as Moptainees
were producers, technical staff in Mopti and NG@® areinvolvedin the Tombouctou and Gao
regions

Fisheries Planning

Lake Sélingué Frame Survey

Last year (FY09) a Frame Survey of Lake Sélingué was carried out by the Fisheries Planning team from
16-19 February, subsequent to holding two short training sessions for those who would be assisting with
the survey (supervisors and enumerators). A database systatewedsped for storing and managing the
survey data in early April 2009, and a report on the survey reRd{soft on Laké&élingué-rame

Survey of February 200%vas submitted to the DNP in May.

For maximum benefit to stakeholders and to Mali, and ws@tmanagement of the lake to conserve its

fishery resources as the goal, the results and implications of the Frame Survey needed to be shared and

di scussed with all stakeholders. Two stakehol der s
Themelll activities, and these workshops were conducted in FY 10.

Stakehol dersé Workshops
The two stakehol dersd workshops conducted this ye:
management team and another at the ODRS offic8glinguéfor Lake Sélinguéfishers. A PowerPoint
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presentation for reporting on the Frame Survey at these workshops was prepared by the workshop leader
in Kenya prior to traveling to Mali in May 2010. This presentation touched on theS&lkeyuéfisheries
database and how iperates, the results of the 2009 Frame Survey, and recommendations for the
sustainable management of the resources of the lake, based on the survey results. The agenda for the
stakehol der sd6 wor ks h-mailsonsuliasonsthetveeanFragveyt ekperoPetgrh e
Nzungi, Theme Il leader Nancy Gitonga, and DNP Direktéry Coulibaly.

Stakeholders Workshop for the DNP Fisheries Management Team

Two days (May 1®and1"2010) wer e given to the Bfislekee hol der s 6
management team held at the DNP offices. During the two days the Frame Survey expert presented the
results of the Frame Survey, the La&@inguéfisheries database and how it operates, and draft
recommendations on sustainable management oéduairces of the lake based on the Frame Survey

results for discussion. This was done through an interpreter. Lively discussions ensued and the

participants were happy with the results. They came up with several other recommendationgevenich

included n the finalsurveyreport.

Stakeholders Workshop for Lakélinguérishers

Another two daysi2-13 May2010) were given for the stakeholders workshop held at the ODRS offices

in Sélinguéfor Lake SélinguéFishers. During the workshop the Frame Surveyeeixpresented the

results of the Frame Survey and draft recommendations on sustainable management of the resources of
the lake based on the Frame Survey results as well as additional ones suggested by DNP management.
Again this was done through an intexfar. Just like the meeting with the DNP fisheries management

team, a lively discussion followed the presentations and again the participants of this workshop were
happy with the results. They also came up with several other recommendations which hael uneh

in the final report. There were 33 participants in this second workshop.

Preparation and Dissemination of Final Frame Survey Report

After the stakehol der so6 wexpeltrastuineditsKenyaandimmgediatalyh e Fr a
began preparing the final LagglinguéFrame Survey report, which was submitted to the CRSP project
coordinator James Bowman, DNP Director Héry Coulibaly, and Theme Il leader Nancy Gitonga. In the

report, the Frame Suryexpert incorporated the views and recommendations obtained from the

participants in the two stakeholders' workshops. The recommendations in the report are &xpected

facilitate "Sustainable Utilization and Development of L&é&inguéFisheries Resoursed

Lake Fisheries Ganagement Training

On evaluation of the activities conducted under this project through FY 09, DNP Director Héry Coulibaly
requested that we not hold a third Pond Culture training session in Kenya as planned, but focus those

resourcs on additional Fisheries Planning training instead. At the team leaders meeting following the

AquaFish CRSP Annual Meeting in San Diego, it was agreed that it would be in the best interest of the

project and of fisheries development in Malito respondfava bl y t o t he DNP director
USAID agreed the project could substitthe refocused training

The focus of this new training was on how fisheries management, and specdifteaignagement, has

been successfully applied at Lake Victoria, i&nThe training, conducted out of Kisumu, on the shore

of Lake Victoria, thus took the form of a study tour, looking dishjeries cemanagement, 2)

monitoring, control, and surveillance systems, and 3) the formation and roles of Beach Management Units
at Lake Victoria, Kenya. Through the addition of tesdradays, it was also possible to expand the

trainingin Nairobito include the use of computer software for data storage, management, and analysis.

The DNP, FishAfrica, and the OSU Management Offiaeconsiderable effort into planning this revised
training course during the®3and 4" quarters of the year, with dates for thaning eventually set for2
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September through 3.Octoberrmaximize the benefits of theffort for Mali, four participarg were sent
rather than two. The four participants departed MaRke&eptemberarriving in Kenya or27
Septemberand returned to Mali o October The results of this study tour will be presented in a
workshop to Sélingué, and the documentation cltén Kenya will be used to develgpidelinesfor
the wise use of thigssheriesresources of Lake Sélingué. A full report on the training and its initial
impacts will be included in thignal report.

Other Project Activities

Activities of the DirectiorNationale de la Péche (DNP)

The DNP has been very active this year, participating in all work plan activities but also conducting
follow-up/complementary activities for the three project themes and carrying out some supplemental new
activities. Examplesfdollow-up work related to our themes are the initiation of a third s@neffarm

Trials (Pond Culture) and providing advice to Baguineda farmers leading to at least 21 new rice farmers
investing in ricefish technology during the present crop seasoogRish). In addition, the DNP has

engaged a local studio to videotape many of the field and classroom events that have occurred this year
and will be producing several short videos to promote the aquaculture and fisheries activities that we have
beeninvb ved i n. The DNP has also taken responsibilit:
USAID sponsorship of our work. The Project Management Office assisted the DNP by creating the

design for the signs using appropriate logos.

Mali ProjectMeet i nhg, Annual AquaFish CRSP Meeting, and th
ifAquaculture 201006 ConferenceMarchhban Di ego, Cali for |
Project team members in attendance at the Annual Meeting of the AquaFish CRSPfeAdghe a c ul t ur e

2 0 1 é»nference (World Aquaculture Society) in San Diego, California, fresrMarch 2010, took the

opportunity to meet to discuss project issues. DNP Director Héry Coulibaly was joined by Theme Leaders
Nancy Gitongaliu Liping, andCharles Ngugi, and by Oreg&tate University Pls Hillary Egna and Jim
Bowman for this meetindJ S Al D/ Mal i 6s AOTR Gaoussou Traore was
to a schedule conflicalthough CRSP AOTR Harry Rea attend€his was a very productive meeting,

involving the DNPDirector, all three of theheme leadersand the OSU Pldt provided an opportunity

for the team tahoroughy review progress made and to plan for the remainder of the project,period

adjust theactivity schedules of the three theme areasl discuss potential activities fille future And

as reported above, an important part of the discu$stused on the idea ocbnverting adreplacing a

Pond Cultureworkshop with one focused dfisheries Planning

At this meeting CRSP Director Halty Egna invited Héry Coulibaly to serve as leader for the CRSP West
Africa Regional Center of Excellence (RCE). This will further connect Mali into the CRSP framework
while providing a way for Héry to bring his own networks in as well. In the entire Asju&FRSP

membership of 300 participants, there are only 4 RCE leaders, including Héry, so his role as RCE leader
will be an important one. This recognition and role is projected beyond the life of the current Mali

Project.

This also providedis withanotler opportunity to interact with participants in the wider AquaFish CRSP,
both from the US and from participating Host Countries. Participation iAdhaculture 2010

conference brought all of us once again into contact with the global aquaculture comproriting
examples and models of what aquaculture can and does do in other countries and regions.

Participation in USAID/Mali AltPartners Meetings

December 2009

The purpose of this meeting was to provide a venue for USAID/Mali/AEG to describe thercantgof

its economic growth portfolio to its partners and for the partners to share what they are doing with each
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other. DNP Director Héry Coulibaly represented the project at these meetings, making a presentation in
whi ch he out | i ntheme aréasanghigbliphted thedastivittehundertaken and results
achieved to date. No other project team members were able to attend this meetirgrdadule

conflicts at the time.

June 2010

In this meeting USAID/Mali/AEG sought input from its pagta to help it prioritize potential economic

growth programs for support under theed the Futuré ni t i ati ve, with the Govern
National Priority Investment Plafor 20112015 as the starting point. It also provided opportunity for
brainstormh g wi th regard to scaling up those program ar

economic growth. Participants were asked to take a broad view with regard to commaodity prioritization
and not to favor their own areas of interest. Boureima Ti@) and Jim Bowman (OSU) attended

this meeting on behalf of the project team. This two day meeting provided a great opportunity to meet
representatives of the many other USAID/Mali partrzarg to learn about other value chains and their
importance to th Malian economy; unfortunately there was not much time fdejth discussions with
those other partners.

OSU Management OfficActivities

In preparation for the December 2009-Rtrtners Meeting in Mali, the Management Office prepared a
brochure and &ct sheet about the project along with PowerPoint material for the presentation made at
the meeting by Héry Coulibaly. We have also been developing a Mali Page on the AquaFish website,
where project documents such as MOUSs, subcontracts, and quartealyrared reports are posted and
where team members can log in and record indicator data such as numberstefishinetining events

held and numbers of participants attending. We have prepared and submitted four quarterly reports (the
first three have beetranslated to French and the fourth is being translated) and submitted annual
indicator reports both in the USAID/Mali Excel format and through the GFSR M&E system
(http://gfsr.synisys.com/de/We set up at bBest five conference calls between Héry Coulibaly (DNP),
Gaoussou Traore, Karen Ramsey, and Yacouba Santara (USAID/Mali), and Jim Bowman (OSU), and
have had numerous SKYPE discussions with Héry Coulibaly.

As in the previous year the OWanagemen®ffice prepared a poster about the Mali Project for display
at theAquaculture 201@onference. This poster covered tualsof our projectthe approaches taken to
achieve those goaland progress made through January. Two Frésnudpuage copies of the posters were
alsoprepared anthese wersent back to Mali with Héry Coulibaly. The French version was updated in
May and five copies were printed and taken to Mali by Jim Bowman whersitedfor the USAID All-
Partners Meeting June.

Amendments to OSU6s subcontracts with the Directi
University (SOU), and FishAfrica (FA) were finalized and became effective in December 2009, providing
funding for Year 3 activities for these partners. Three additional amendments were later aghe=tbon

budget adjustmenthatneeded to be made for the new fisheries planning workshop in Kenya.

Jim Bowman visited Mali in November 2009 and in June 28&@,Hillary Egna visited in August 2010.

Both were able to visit some of t@x-Farm TrialsandRice Fish Demonstrationsites andhe ponds of

several farmerand farner associatioa Each also visited the Practical Aquaculture Training Center of

Molodo (Niono, Segou area); the Office de Developpement Rural de Sélingué (ODRS), the ODRS

hatchery, and the Carriere fish landing beach in Sélingué; and the hatchery and ponds of the Practical

Training Center for Breeding at Sotuba. Both also had several oppdrtine s t o meet wi t h t h
DNP and USAID partners, as reported in quarterly reports throughout the year. For his November 2009

trip to Mali Jim Bowman was fortunate to be able to pass through Kenya for an opportunity to meet with

Theme Leaders Nandyitonga and Charles Ngugi to discuss project progress and problems, activity
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schedules, and indicator reporting. The meeting was hosted by S#oagain her office at OAU
headqguarters in Nairobi.

The Management Office was intensively involved in plagrand coordinating arrangements for the

Lake Victoria cemanagement workshop, including the preparation of supplemental subcontract
amendments for the DNP and FishAfrica, the two subcontracting institutions most closely involved in this
training.

The Management Office requesta threemonth necost extension (NCE) for the projemtiddevelogd

and submitted twproposas for future collaborative work to be led by the AquaFish CRSP. The request
for an NCE was subsequently granted by USAID/Mali, extendurgoperating time through December
31, 2010 No feedback on the proposals has been officially received although there is indication of
possible interest in continuation beyond the current project end date

Summary of Training Efforts

ShortTerm Trainirg
TheMali Aquaculture and Fisheriéxojectutilizesonfarm trials, field demonstrationand shorterm
training totest, adapt, and transfer appropriate aquaculture and fisheries technoldgitsr¢eed
audiences in the three theme ardaainingactivities reach a wide audience of participants, including
fishers fish farmers, middlemen, fish tradepspcessors, government officeesd researcherslost of

t he p rslojttermo traiiag events have occurred in Mali, but some training has alscéerua out
in third countries, specificallZhina and KenyaDuring FY 10,nineshortterm training activities were
conducted in Mali and one course veasductedn Kenya,assummarized imableVII -1.

W. * ,—" i" * ',',.: S
Theme Il leaders awardesdrtificatesto the participants Farmers and Technical staff visited Ibrahim Mare in

attendingthe November 200Workshop orPost Kalaban Coro during thEheme IOn-Farm Trials
harvestTechnologiesn Baguineda. workshop held in January 2010 in Bamako.

LongTerm Training

Although longterm training is not a major component of this project, three students frdnsttet
Polytechnigue Rural de Forniant et de Recherche Appligué®R/IFRA) (Rural Polytechnic Institute

for Training & Applied researdhKatibougouy continued to receive partial support for participation in
project activities this year. The students Alenadou NoulsSow, who is associated with Theme | (Pond
Culture) ativities, and~adimaKeita and BocaryDiarra, both of whom are associated with Theme Il
(Rice-Fish) activitiesAhmadou NoulSow has been involved in monthly monitoring and sampling of the
Theme | OnFarm Trials and Theme | workshop participation &adima KeitaandBocary Diarrawere
involved in monitoring and harvesting the Theme Il Riégh Demonstrationand participation in Theme

Il workshops.
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