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Program activities are funded in part by the United States Agency for International Development
(USAID) under CA/LWA No. EPFA-00-06-0001200 and by participating US and Host Country
institutions.

The mission of AquaFish Innovation Lab is to enrich livebds and promote health by cultivating
international multidisciplinary partnerships that advance science, research, education, and outreach in
aqguatic resources. Bringing together resources from Host Country institutions and US universities, the
AquaFishinnovation Lab emphasizes sustainable solutions in aquaculture and fisheries for improving
health, building wealth, conserving natural environments for future generations, and strengthening poorer
countries’qgowemi ity to self
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The contents of this document do not necessarily represent an official position or policy of USAID.
Mention of trade names or commercial products in this report does not constitute endorsement or
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originality of work presented in this document are the responsibility of the individual authors.

Theprimary Host Country sites for AquaFish resegrabvided in the2016— 2018Implementation Plan
arethe same locationg@sented in the013— 2015 Site Descriptionrdocument; thereforéhe contents of
this documentvere notchanged and is reflective of what was submibtgd\quaFish Principle
Investigatorsn 2013.
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INTRODUCTION

TheFeed the Future Innovation Lab for Collaborative Research on Aquaculture & Fisheries (AquaFish
Innovation Lab, or AquaFish) is one of several agricultural Innovation Labs supported by the US Agency

for International Development (USAID) under the authooityitle XII of the International Development

and Food Assistance Act of 1975. Its mission is to enrich livelihoods and promote health by cultivating
international multidisciplinary partnerships that advance science, research, education, and outreach in
aquaculture and fisheries AquaFish is tasked by USAID to “devel
ecological and socially compatible, and economically viable aquaculture systems and innovative fisheries
management systems in developing countriesthaticent t ¢ t o poverty alleviatio

The site descriptions included in this document provide detailed information on research locations for the
five current AquaFish projects f@016— 2018 Implementation Plamcluding infrastructure, facilities,

and other relevant capabilitieBhe sitespresented in this document are the saitesincluded in the

2013- 2015 Site Descriptions document; therefore, the contents of this docafiectwhat was

submitted by AquaFish Principle Investigators in 208 descriptionspaneight countries ahinclude

10 Host Country (HC) institutions in formal funded partnersHipsre than60 aher institutions

collaborate in informal partnershifSive research projects feature 24 investigations that are outlined in
the2016— 2018 Implementation Plan

Data for AquaFish sites that are no longer active can be accessed in earlier editions of Site Descriptions
on the AquaFish website dtttp://aquafish.oregonstate.edu/
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ADVANCING AQUACULTURE SYSTEMS INNEPAL FORMORE SOCIAL AND ENVIRONMENTAL
SUSTAINABILITY

NEPAL
(Information provided by Dr. Jamé&idana, US Project PI, in 2013)

Geographically, Nepal is divided into three ecological regions: the mountain zone in the northern portion
of the country, the central hill zone, and the southern Terai, or plains. In contrast to high altitudes found in
thefirst two regions, average elevatiin the Terai ranges from 186B00mabove sea level. Climate in

the Terai is tropical and subtropical, and soils in this region are the most fertile in Nepal. The Terai holds

70% of the countryi’tse algakicrugd twpr adnllyanlds% defs pNepal?’

Residents of Nepal depend on fish and meat consumptiontfdgramy especially for protein ancertain

vitamins and mineral§.he country has majorgblems with food availabilitand as a resujt41% of the
children are stunted in growth. Total fish production in Nepal is 54,357 mt, with about 60% originating
from aquaculture, mainly in the Terai region. Pond culture is the most popular method of aquaculture, but
annual pond yield averages onlg3t/yr. Carps are popular wanmater fish for culture in Nepal,

contributing more than 99% of aquaculture production in the country. Dramatic improvements in pond
production are possible without addition of much inputs to make pond culture more efildidet.
experiments have been done to incorporate sahar, tilapia, and small indigenous species into the carp
polyculture system, so far aquaculture remains dominated by carp polyculture. Current research in
aquaculture is concentrated at the Agriculture Borstry University in Rampur, and a number of
government labs also support research and sixteof aquaculture practiceEhe government is

interested in increasing aquaculture production, especially targeted at increasing food for poor, small
scale famers. While some political instability exists in the country, we have collaborated with researchers
in Nepal for over ten years and have now developed a mature and stable relationship.

The primaryHost @untry site for he AquaFish research in Nepaltig tAquaculture Farm at Agriculture
and Forestry University (AFU), which will be described in more detail belowfa®n research will be
conducted at private farms located in Chitwan and Neaawafj. In additionpne private farm located at
the Center or fuaculture Research and Production in Kathar, Chitmituserveas thesite for testing
improved culture protocols

In addition topartners atniversity of Michiganlocatedin theUS and AFU, other collaborating partners
of the Nepal projectare locagd atOregon State University in the US athé NepalAgricultural
Research Council and the Directorate of Fisheries Developmaiapal
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Map of Nepalindicating thelocation ofAgriculture and Forestry Universifyhe Nepal Agricultual Research
Council and the Directorate of Fisheries Development in Nepal.

AGRICULTURE AND FORESTRYUNIVERSITY (AFU)

General Location

Rampur, Chitwan, Nepal. AFU is located in the Terai southwest of Kathmaedum@ap of countyy
near the town of Narayangarh, in the south
of Kathmandu.

Nepal is a small country with a diverse climate, from the highest peaks in the world with alpine t
to low-level plains with a tropical climate. AFU is situated in the plains of Nepal, where 94% of fi
ponds in the country are found, making this aaldocation for conducting aquaculture research.
DESCRIPTION OF AREA/REGION

Climate

Humid subtropical, weanddry type, with distinct dry and rainy seasons

Temperature

Annual average: 24.TC

Range of monthly average: 18.30.6°C

Absolute minimum: 7.8C

Absolute maximum: 37.8C



Precipitation

0.6—626.5 mm per month and an average of 2,323 mm annually; low month is January, with ar
average of 1.5 days of precipitation; high month is July, with an average of 29 days ofgirecipi
Humidity

A warm and humid atmosphere prevails throughout the year, with an annual mean relative hum
85%.

Seasonality

Nepal has clearly defined wet and dry, hot and cool seasons, with wide temperature variation
throughout the year. Thainy season is from June to October, the cool dry season is from Noven
to February, and the hot dry season is from March to May. The hottest month is generally April,
the coolest is January.

Topography

Geographically, Nepal is divided into threeological regions: the mountain zone in the northern
portion of the country; the central hill zone; and the southern Terai, or plains. In contrast to high
altitudes found in the first two regions, average elevation in the Terai ranges from 100 to 38@&m
sea level.

Geology/Soils

Chitwan is a valley surrounded by Silwalik Range in the north and Churiya Range in the east, w
and south.

Soil and Water Data

Soils in the Terai are the most fertile in Nepal, and the region accounts for 70% of thercguh s
agricultural lands despite making up only
Layout of the Site
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DESCRIPTION OF SITE

Map Coordinates Elevation

27°38”14.1” N and 84°21252ZMm. 2" E

General Background

The AFU,Rampur campus occupies an area of about 210 ha near the town of Narayangarh, sot
of Kathmandu. AFU’s research pond complex
Aquaculture and Fisheries Departmeraciities at AFU include laboratories for analysis of water
chemistry and fish body composition; ponds and tanks for experiments; infrastructure for safety
protection of experimental materials; and an aquaculture laboratory with ovens, a muffle, fuwatac:
distillation equipment, an autoclave, a centrifuge, an electronic balance and deionizer column, &
consumable chemicals. AFU has 38 earthen ponds ranging from 100 to i#5fz@ and 18 concrete
tanks (24 meach), along with drainage canalsefidis also an area for growing terrestrial crops thi
may be of interest for fish feed components as well as an area used for rearing livestock and pc
(ducks) that can be used in integrated aquaculture research. The Research Farm is fenceddvitl
wire and cement poles and is supplied with electricity. The covered hatchery facility includes inc
tanks and a wellvater supply system.

Water Supply

Supply of water for the AFU pond complex comesrfronderground water that hagld of 8.3 and
total alkalinity of about 130 mg/L as Ca&O

Soils

Sandy loam

Support Facilities

The Nepal Agricultural Research Council (NARC) collaborates with the main site at AFU. NARC
operates several Fisheries Research Centers throughout the cbefkguaculture Farm of AFU at
Rampur and a private farm at the Center for Aquaculture Research and Production (CARP), Ka
Chitwan, will be sites for testing of improved culture protocAlsof these stations have access to
ponds for experiments; labsrfphysical and chemical analyses; and other facilities, such as local
cages, and additional experimental apparatus.

The Directorate of Fisheries Development (DoFD) is the development/extension wing for aquac
and fisheries of the DepartmeritAygriculture, Government of Nepal. The DoFD operates several
Fisheries Development Centers throughout the country. The DoFD collaborates in demonstratic
projects at the Bhairahwa fisheries statio
reseachers

Primary Affiliations

In-Country us

Agriculture and Forestry University University of Michigan
Department of Aquaculture and Fisheries School of Natural Resources and
Environment

Rampur, Chitwan, Nepal Ann Arbor, Michigan, US
Current Contacts

In-Country usS

Dr. Madhav Shrestha Dr. James Diana

Agriculture and Forestry University University of Michigan
Department of Aquaculture and Fisheries School of Natural Resources and
Environment

Rampur, Chitwan, Nepal Ann Arbor, Michigan, US
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IMPROVING FOOD SECURITY, HOUSEHOLDNUTRITION, AND TRADE THROUGH SUSTAINABLE
AQUACULTURE AND AQUATIC RESOURCEMANAGEMENT IN CAMBODIA AND VIETNAM

CAMBODIA
(Information provided by Dr. Robert Pomer®$ Project Pl, in 2013)

The vision of the Cambodia fisheries sector as described in the National Fisheries Sector Policy

and the Strategic Planning Framework for Fisheries: 2QA@M9 (SPFR20162 01 9) is t hat “ Man
conservation, and development of sustainable fish
security and to socioeconomic developmentinotder enhance people’s 1iveliho
p r o s p &he devejopment approach of the Royal Government for the fisheries sector is based around

three fundamental pillars: (1) Fisherynland and marine; (2) Aquaculturanland and marine; and (3

Post harvest and trade.

To support these pillars, a strong foundation of appropriate and enabling regulation is required, coupled
with effective regulatory framework and service provision. The pillars themselves support the people in
the fisheries seot and the overarching outcomes of food security, poverty allevjanheconomic

growth. Direct actions will be taken under the SPF across each of the three pillars, as well as in relation to
development of the regulatory framework and service provision

Inland capture fisheries form the overwhelming bulk of current produatidmustbe maintairedand,
wherever possible, improgeBut there is a limit to the capacity of the natural resource to sustain a
growing population, so growth of aquaculturessential. At the same timgork is necessarp improve
the quality and standards of the fish and fish productsatkabnsumedind tradd if real improvements
are to be achieved both livelihoods and exports.

Fisheries and other agquatic resourtelse investigated are major sources of food and income for the
population living along the Lower Mekong RivBasin of Cambodia. The lower Mekong River basin is

an ecological significant site, representing one of the most fish productive basins irrliheraviked

second after Amazon River basins in terms of aquatic biodivets$igyprimary Cambodia Lower

Mekong River Basin site is representative of the ecological zone of fisheries and other aquatic resources;
the primary site could serve as the activgihucleus of a scientific network for information and

technology transfer and exchange, depending on the fishery resources to be inveBtigdteanore,
Cambodia is one dhe largest fish eating countriégpprox. 63 kg/person/year on average), Slodfiies

and aquaculture production are crucial for all Cambodians in terms of food and household income.

The primary host country siéor the AquaFishiesearctarethelnland Fisheries Research and
Development Institute (IFReDI) and Freshwater Aquaculture Research and Development Center
(FARDeC) Bothfacilities will be described in greater detail below.addition topartners located at the
University of ConnecticufA\very Point in thaJS, IFReD|, and FARDeCothercollaboratingpartners are
located athe University of Rhode Islarehd Oregon State Universiity the US.
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INLAND FISHERIESRESEARCH ANDDEVELOPMENTINSTITUTE (IFREDI), PHNOM PENH

Inland Fisheries Research and Development Institute (IFReDI) building, located in Phnorfié?®@néind IFReDI
laboratories(right).



General Location

FisheriesAdministration, 186, Navxdom Blvd., Phnom Penh, Cambodia

DESCRIPTION OF AREA/REGION

Climate

Koppen classification Aw: Humid tropicgloup (A), tropical weanddry type (w). Distinct dry and rainy
seasons are observed.

Temperature

The temperaturesre remarkably and uniformly warm throughout the year and subject to small varia
due to elevation, season, and maritime influences. Temperatures are high except during the early
the northeastern monsoon when occasional outbreaks of coolnaicémiral Asia sweep over the land.
Cool spells occur during December and January, and the weather is hot and dry from the end of F
to the break of the monsoon. These conditions last until the southwest monsoons commence in M
minimum temperare is 22°C in the area. Monthly average highs in Phnom Penh rang&30C, and
average lows range 2224 °C

Precipitation

The rainfall is generally plentiful, but it is unevenly and seasonally distributed and largely depends
geographiorientation. Annual average precipitation is 2,6)000 mm in the low mountains of the
northeastern region and 1,402,600 mm in southwestern coasts. About 90% of the annual precipita
falls between May and October (i.e., the wet or rainy seashe)average number of wet days varies fr
less than one day a month in December and January to more than 12 days a month in August and
September. The monthly average precipitations range from 7.6 mm in January to 251.5 mm in Oct
Humidity

The relatve humidity is highesn the monsoon seasanslightly more than 80% and lowest in March ¢
just over 60%.

Seasonality

All of Cambodia has clearly defined wet and dry seasons, with little temperature variation throughao
year. The rainy seasonfiem May to October, the cool dry season from November to February, and
hot dry season from March to May. The hottest month is generally April, and the coolest is January
Topography

The area is part of Camb o djplain’(tke Mekorg or Mekong Deltd y
Plain, which extends through Vietnam to the South China Sea through several tributaries and throt
canals that have been constructed in Vietnam to regulate flooding). The area is located at the conf
the Mekong, ®nle Sap, and Bassac rivers. These rivers provide potential freshwater and other resc
Geology/Soils

Influence of the Mesozoic sandstone and its weathering products is attenuated by Tertiary and Ple
igneous geology and by Pleistocene andobiehe sediments that mantle a considerable proportion of
major rice growing parts of Cambodia. Recent and Pleistocene alluvial/colluvial sediments that nov
the parent material for most of the agricultural soils of Cambodia are substantiallyldeviaethe
weathering and erosional products of the Mesozoic sandstone. However, low hills from felsic ignec
intrusions particularly in southern and southeastern Cambodia also have supplied siliceous sedime
the recent and older alluvial/colluvi@rraces. In the northeast and west of Cambodia, basaltic lava fl
of the Pleistocene cover significant areas of older alluvial terraces. Finally, the sediments deposite
Mekong River along its floodplain and in the basin of Tonle Sap mean tlcataheentral Cambodia is
dominated by recent alluvial/lacustrine sediments derived in part from the Mekong River basin and
from the immediate basin of Tonle Sap.

Soil and Water Data

At IFReDI, the soils are quite acidic, with an average pH vafue9. Sand content averages 40%, silt
35%, clay 25%, organic C 7.2 mg/kg, and total N 0.7 g/kg.
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Layout of thdnland Fisheries Research and Development Institute (IFR@Dbdratory complex

DESCRIPTION OF SITE

Map Coordinates Elevation

11°33 51 N and 104° 55' 28m ' E

General Background

IFReDI ocupies an area of about 0.5lbaated in the catal city of Phnom Penh. IFRel under the
supervision of the Fisheries Administration and is comprised afigisions listed as follows:

Biological Division

Laboratory Division

Socioeconomic Division

Technology and Information Transfer Division

Kandal Stung Fisheries Research Station

Administration Division

Presently, IFReDI has four denresearchers with dtaratesin biology, development communication,
and rural/community development from abroad (i.e., Belgium, Japan, Philippines, and Vietham). Tl
12 staff members holding MS degrees in fisheries biology, aquaculture and aquatic resources mar
natural resources management, watershed management, agricultural economics, development
communication, and rural planning and development from both foreign (Australia, Malaysia, Philipf
Thailand, and Vietnam) and national universities. There are dlstaf members holding BS degrees it
fisheries science, aquaculture, and fisheries economics.

= =4 -8 —a -8 9

The IFReDI staff have extensive experience in fisheries biology and ecology, aquaculture developi
fisheries policy development and planning, fisheries ness, development, management, and
conservation, socieconomics and livelihoods, and participatory fisheries resources management.

The IFReDI laboratory complex houses instruments for measurement of the biological, physical, ai
chemical parameters of purtance in fisheries and aquaculture.

Water Supply

Supply water for IFReDI laboratory comes from public/city water taps and ground water wells.
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Soils

The soils at IFReDI are quite acidic, with average pH value of 4.9. They have sand contents avera
40%, silt 35%, clay 25%, organic C 7.2 mg/kg, and total N 0.7 g/kg.

Support Facilities

Laboratories and personnel at IFReDI are available to the AquaFish project.

IFReDI has a rich fisheries library, networking with the Food and Agricubuganization of the United
Nations (FAO), Mekong River Commission (MRC), WorldFish, and other libraries in the world.

IFReDI research and development activities are funded by the Royal Government of Cambodia, At
MacArthur Foundation, MRC, Asian Delopment Bank (ADB), Oxfam, WorldFish Center, Danish
International Development Agency (DANIDA), Swedish International Development Agency (SIDA),
FAO, Southeast Asian Fisheries Development Center (SEAFDEC), Network of Aquaculture Centre
Asia-Pacific (NACA), Internatioml Union for Conservation of Nature, Agriculture Centre for
International Agricultural Research (ACIAR), United Nations Environment Programme, Japan
International Cooperation Agen¢JICA), World Wildlife Fund, Conservation InternationallfyONagao
Natural Environment Foundation (NEF&pan, and the European Union.

IFReDI has close cooperation with the following universities and research institutes to strengthen r
and exchange knowledge and information:

1 US(7): University of Conneatut, University of Rhode Island, Oregon State University,
University of Washington, Texas A&M University, Florida Museum of Natural History, and
Princeton University
Australia (2): Queensland University of Technology and Murdoch University (Perth)
Europe(9): Swedish University, Bejer Institute and Stockholm Resilience Centre, and Royal
Swedish Academics of Sciences (Swed&a}holieke Universiteit LeuveandGhentUniversity
(Belgium); University of Toulouse and University of Paul Sabatier (France);l Reyerinary and
Agriculture University Institute for Fisheries Management and Coastal Community Develop
(Denmark); and The Natural History Museum (United Kingdom)

1 Asia (18):Living Aquatic Resources Research Cemated the National University of Laos (Laos
Research Institute for Aquaculture 2, and Can Tho University (Vietriéasgtsart University,
IFReDI/Department of Fisheries, Ubon Ratchathani University, Srinakharinwirot University,
Maejor University, and Aquaulture and Aquatic Resources Management, Asian Institute of
Technology (Thailand); LGFS/University of Tokyo, Japan Water Research Center, and Kyu
University (Japan); University of Saint Malaysia (Malaysia); and Royal University of Agriculi
Prek Lep National College of Agriculturgampong Cham National School of Agriculture, an
Royal University of Phnom Penh (Cambodia)

Primary Affiliations
In-Country us

= =

Inland Fisheries Research and Development University of Connecticuf\very Point
Institute (IFReDI) Fisheries Administration #186 Agricultural and Resource Econ/CT Sea Gra
Norodom Blvd. Phnom PenlBambodia Groton, Connecticut, US
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Current Contacts
In-Country usS

Mr. Cheng Phen/Dr. So Nam Dr. Robert S. Pomeroy

Inland Fisheries Research and Development University of ConnecticutAvery Point
Institute (IFReDI) Fisheries Administration #186 Agricultural and Resource Econ/CT Sea
Grant

Norodom Blvd. Phnom Penh, Cambodia Room 380 (Mariné&cience Building)
Tel/Fax: +855 23 221485 1080 Shennecossett Road

E-mail: chhengp@yahoo.com Groton, Connecticut 063468048 US
or so_nam@hotmail.com Tel: 1-860-4059215
Website:.www.ifredi.org Fax: 8604059109

E-mail: robert.pomeroy@uconn.edu

12
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FRESHWATERAQUACULTURE RESEARCH ANDDEVELOPMENT CENTER (FARDEC)

Freshwater Aquaculture Research and Devel opment Center
(left), and a domesticatedr oodst ock pond for AquaFisho6s snak
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Layout of the FreshwatekquacultureResearch and Development Center (FARDeC)

DESCRIPTION OF SITE

Map Coordinates Elevation

11° 16’ N and 104° 17" Em

General Background

The Freshwater Aquaculture Research and Development Center (FARDeC), previously known
Fish SeedProduction and Research Station, is located along the bank of Tonle Toch (small) Rive
the Mekong basin in Bati village, Peam Ro district, Prey Veng province, about 68 km from the ¢
city of Phnom Penh by National Road 11. It has a total landodueaout 13 ha.

FARDeC is the second largest of a series of aquaculture centers supervised by the Fisheries
Administration (FiA) of the Ministry of Agriculture, Forestry and Fisheries. It has major
responsibilities in fingerling production of freshwatedigenous species such as river catfish, walki
catfish, climbing perch, silver barb, giant freshwater prawn, and snakehead, plus exotic species

13



tilapia, Chinese carps, and Indian carps for distribution to fish farmers. In addition, the center he
experience in operating a series of experiments on hatchery, nursery, armlgpesformances of
both indigenous and exotic species, especially river catfish and giant freshwater prawn. It also
training and technical assistance to fish farméhe center consists of offices, a biological laboratol
a training and workshop building, a library, a dormitory, a storage building, one pump station, a
commercial pellet feed mill, a hatchery, and a complex of experimental tanks and ponds for
broodsto&, nursery and growut. There are a total of 73 ponds, including eight ponds off080—
300m? ponds, and 15 600 ntponds with concrete, five 606°ponds, and 15 2,000m?ponds. The
12— 300 m?ponds have been assigned to the AquaFish project
Water Supply
The water is pumped by a dieggwered hydraulic pump from Tonle Toch (small) River and direc
supplied by gravity to the ponds, whereas tanks are supplied by groundwater fromsitenwail. The
power is supplied by a generator and spknel and expected to connect with electricity in the nea
future.
Soils
According to M. C. Nandeesha (1991), the major problem with the center soil is its high percent
sand and low percentage of clay. The water holding capacity of thevithilsigh sand content is poo
The infiltration rate of the center soil is expected to be more than&n/day.

Coarse sand (%): 28.8

Fine sand (%): 38.0

Silt (%): 13.4

Clay (%): 15.4

pH: 5.5

Avg. N (kg/ha): 454.7

Avg. P205 (kg/ha): 45.2

Avg. K20 (kg/ha: 100.8

Zinc (ppm): 0.48

Copper (ppm): 0.77

Manganese (ppm): 28.0

Iron (ppm): 8.6

Boron (ppm): 0.16
Support Facilities
Students from The Royal University of Agriculture (RUA), Prek Leap National College of Agricul
(PNCA), and Kampong Cham Natiorathool of Agriculture (KCNSA) in Cambodia conduct thesis
research at FARDeC and the AquaFish site (e.g., snakehead domestication and breeding and t
pond characterization) and assist in various activities in the center. A pellet feed mill andtariabo!
are available in the center. A variety of agriculturajjpgducts (e.g., corn, rice bran, wheat bran,
soybean meal, etc.) are available from the various mills. Inorganic fertilizer is agatadgricultural
supply stores andrganic fertilizers a available from local farms at low cost. The water quality
laboratory of the Ministry of Agriculture in Phnom Penh has been used for water analysis. FARL
has worked and is working with various local, regional, and international organizations andsagel
such as PADEK
(1993-1997), World Bank’s Agricul t ur e2004) breshwatel
Agriculture Improvement and Extension Project/Japan International Cooperation Agency (2005
2010), AIMS/MRC (2005- 2010), Aquaculture anéisheries Collaborative Researalport Program
(AquaFish CRSP2010-2011), and Department for International Development (2011).
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Affiliations
In-Country

us

Inland Fisheries Research

and Developmerinstitute (IFReDI)
Fisheries Administration

Phnom Penh, &nbodia

Current Contacts

In-Country

University of ConnecticutAvery Point
Agricultural and Resource Econ/CT Sea Gr
Groton, Connecticut, US

us

Mr. Chheng Phen/ Dr. So Nam

Inland Fisheries Research and Development
Institute (IFReDI) Fisheries Administration #186

Grant

Norodom Blvd. Phnom Penh, CAMBODIA
Tel/Fax: +855 23 21485

E-mail: chhengp@yahoo.com

or so_nam@hotmail.com
Website:.www.ifredi.org
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Dr. Robert S. Pomeroy
University of ConnecticutAvery Point
Agricultural and Resource Econ/CT Sea

Room 380 (Marine Science Building)
1080 Shennecossett Road

Groton, Connecticut 06346048 US
Tel: 1-860-4059215

Fax: 28604059109

E-mail: robert.pomeroy@uconn.edu
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VIETNAM
(Information provided br. Robert Pomeroy, US Project PI, in 2013)

Located in the south ofietnam, the Mekong Deltais considered an area of interest for aquaculture and
fisheries. The Mekong Delta haser 1 million ha of water surface, over 700km of coastline, hundreds of
islands and has darge ara of exclusive economipone. Annually this area produces over 70% of total
aquaculture production and 20% of fisheries productions of the whole country. Beah@010, the
Mekong Delta haadver 769000 ha of aquaculture area and ove345000 tons of aquaculture products,
corresponding t4,095,618 haand2.742.88&ons for the whole countrjain aqiaculture species in the
Mekong Delta are marine shrimmollusg cat fish, giant freshwater prawn, tilapldnereare26,894farms

in the regionwhich is the &rgest number compared to other o&gin the country. For fishing, there are
16,699 fishing boatin the region and over 128,449 fishing boathia@ whole countryCapture production
reached 487,841 tons over 2,226,600 tons of the whole country. There are imaibtenancatations in

the region. For aquatic processing, there are 206 factories in the region, over 564 factories in the whole
county.

The Fisheries Directorate (2011) reported that the total fisheries productitrmdmreached 5.2 million

tons, of which 3.0 tongerefrom aquaculture; and the export turnover was 6 billion USD that contributes
4% of GDP in 2011. The export turnover of the fisheries sector is ranked as the fourth of the export
commodities oietnam

According to the master plan to the 2020, fisherfesicts aim to contribute 3035%GDP in Agriculture
ForestryFisheries area. Export value will reach t8 8illions USD, total fisheds products achieve 65
7.0tons, of which aquaculture prodacbver 65- 70%.

In order to achieve those objects, thekdng Delta will playavery important role. According to the Master

plan to 2020, aquaculture and fisheries will be the main economic industry in the region, which has large
commercial production scale, highly competing capacity, and highly exported lralhe time coming,

there will be the trends of intensive culture with large scale; aquaculture extension to marine, brackish and
freshwater area; application of new, modern and advanced technology to improve yields, quality, efficiency,
and to protecthe environment. By the year 2020, total aquaculture area in the Mekong Delta will be
550000-600,000ha; capture fisheries stay with sustainable development, natural environment is protected
and offshore fisheries and service are invested.

The Viethnameseggovernment has issued a number of decrees and circulars regarding the strategic
development plans of the fisheries sectors. Especially, fisheries and aquaculture sectors will continue
playing one of the top priority economic sectors for the Mekong Deltzel years to come.

While aquaculture in Vietham and the Mekong Delta particularly is very well known with rapid
development of shrimp farming and catfish farming, it is now facing several serious problewes-of o
development, climate changdiseasesyater pollution, product processirgnd food safetyThe marine
aquaculture is still in very early stag®leanwhile, fishing is characterized with small scale and near shore
catch, and an over exploitation of these vessels caused a serious declidedtiqgro

Theprimary site forAquaFishresearchs Can Tho UniversitfCTU), which islocated in the center of the
Mekong Deltaandhas become a key university of the Mekong Delta. Being the leading multidisciplinary
institution of the region and the catry, the university is providing more than 87 undergraduate courses,
36 graduate coursegand nine specializations for fellow students. In addition to its training responsibilities,
scientific research and technology transfer are considered very pa@sitveynamic activities of the
university. CTU has actively taken part in scientific research projects, applying the advances in scientific
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and technological knowledge to solving problems related to science, technology, econotuies acwl
society in tke region A full site characterization for CTU is included below.

In addition toUniversityof ConnecticiAvery Point located in theSandCTU, collaboratingpartners are
also located ahe University of Rhode Islarehd Oregon State Universit@neadditional support facility
in Vietnamis the Vietnam Fisheries and Agculture Institution Network (WINET).

Country Map

Can Tho University

V

Map of Vietnamindicating thelocationof CanTho University.

CAN THoO UNIVERSITY (CTU)

Can Tho University College ofAquaculture and Fisheries
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General Location

Can Tho University (CTU) iocated inCanTho City, Vietnam, in the center of the Mekong Delta
DESCRIPTION OF AREA/REGION

Climate

The Mekong Delta belongs tammid tropicalgroup (A), tropicalvet-anddry type (w). Distinct dry and
rainy seasons arebserved.

Temperature

The temperatures are warm yeaund and subject to small variations due to elevation, seasonal,
maritime influences. The average temperature ranges fren226C in the Mekon®iver Delta.
During the months of December and January the temperatures are generally lower, while the cl
becomes hot and dry from the end of February until the southwest monsoon begins in May
Precipitation

The rainfall is generally high but varibg season and is unequally distributed depending on
geographic orientation. Annual average precipitation ranges between-1,8#D mm in northeast
part of the Delta and can exceed 2,000 mm on the southwestern coast. About 90% of annual ra
occurs letween May and November (i.e., the wet or rainy season). Heavy rains are common in .
August. The monthly average precipitation ranges from about 8 mm in January (dry season) to
in September (rainy season).

Humidity

The relative humidity ikighest at about 8085% in September and lowest in Marctahout60 —
65%.

Seasonality

The weather in the Mekong River Basin (MRB) of Vietham is divided into two seasons. The rain
season is from May to November, while the dry season lasts froeniber to April. It is hottest in
May and April, but coolest in December and January.

Topography

The MRB of Vietnam is a vast lowland area. The total natural area of about 4 million ha spreads
the Cambodian border to East Sea and the Gdlhailand. It is famous for two floodplains: Dong
Thap Muoi and the Long Xuyen Quadrangle. There are two main branches of the Mekong Rivel
and Tien rivers) with a crossetwork of natural and artificial canals that transport about 500 billior
of freshwater from upstream to the sea every year.

Geology/Soils

There are two major types of soils in the MRB of VietnAtttuvial soils are found along the Tien anc
Hau rivers and cover an area about 1.1 million ha (about 28% of the Mekong Delta). Acid sulph.
soils: occupy 1.59 million ha mainly in the Plain of Reeds and the-Xoiygn-Ha Tien quadrangle.
These are clas$id into potential acid sulphate soils, which cover about 1.1 million ha (28% of th
Delta) and actual acid sulphate soils, which occupy 510,027 ha (13% of the Delta). Saline soils
found along the coastal regions and cover an area of 808,749 ha (Bi@dafita). The remaining
soils are upland and mountainous peat sAllsivial soils are mainly located along the main river
branches (Hau and Tien rivers). Actual acidic soils and potential acidic soils are common in the
floodplains. Hilly and peat sa@ilare mainly observed in the areas along the Cambodia border and
western coast. Saline soils are mostly located within mangroves in the eastern coast

Soil and Water Data

TheMekongR ver’>s water f1ow in nm¥aemoretharRQtimes that af
the dry season @Q0nv¥/s). Water flow in dry season is about 1,#@8s. There are nine provinces ar
cities with between 1.4 1.9 million ha and 9 10 million of people affected by annual floods.
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Layout of the Site

Aerial map of Can Tho University

DESCRIPTION OF SITE

Map Coordinates Elevation

10°2 0 'N, 105°4 70’ 'E Sea level

General Background

The College of Aquaculture and Fisheries (CARLatU was established in 1979. For more than 30
years, CAF has been developing itselfulfil its missions of education, research, and technology
transfer in the aquaculture and fisheries fields. These efforts help meet the demand for manpow
advanced tehnology for development of aquaculture and fisheries in Vietham and the Mekong C

At present, CAF has 107 staff, including 61 instructors and 43 researchers, holding different title
degrees (12 Associate professors, 27 PhD, and 41 MastershaSAdight departments as follows:
Department of Applied Hydrobiology

Department of Aquatic Biology and Pathology

Department of Aquatic Nutrition and Products Processing

Department of Freshwater Aquaculture

Department of Coastal Aquaculture

Department ofFisheries Management and Economics

Center for Aquaculture Promotion

Administration Unit

=4 =4 48 -8 _a_a_°a_-2
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CAF has a system of advanced laboratories, hatcheries, and field stations in both freshwater ar
brackish water areas, which meet the functions of education, resaadctechnology transfer locally
and internationally.

Laboratories

1 Laboratory for water and sediment analysis: analyzing more than 30 environmental para

of sediments

1 Laboratory for fish pathology: analyzing parasites, bacteria, virus, and cytology

1 Laboratory for aquatic animal nutrition and feed: analysis of all feed quality parameters,
ingredients such as protein, carbohydrate, lipid, fiber, mineral, moisture, vitamin C, and 1
acids
Applied molecular biology laboratory: specializing on pi®yogy, nutrition, and pathology
Laboratory of food safety: analysis of residues of drugs and chemicals in water, sedimer
fishery products

E ]

Wet labs
7 Live food production
1 Mud crab broodstock and larval production
1 Reproduction of ornamental fish
1 Showroom for aquatic animal specimens

Two wet laboratories are used for nutrition research (100 tanks of 500 liters and 100 tanks of 1(
liters). CAF also has one small mill (200 kg/hours) for aquatic feed processing.

Experimental stations

1 Freshwater fig hatchery located at the CTU campus has been operating to reproduce fis
species such as common carp, mud carp, tilapia, several catfish species, and some wild
(snakehead, broadhead catfish, snakeskin gourami, etc.).
Marine shrimp and giant freshies prawn hatcheries (basedcampus)
Brackishwater field experimental stations in Vinh Chau, Soc Trang province (with a total
of 15 ha), and Bac Lieu province (6.5 ha)

= =

The university has been establishing collaborations with more than 120 imssitatound the world,
which aids the development of bilateral and multilateral cooperation programs for CTU. From 2(
2011, CTU signed more than 110 memoranda of understanding and agreements with universitit
institutes, and international organizatsorepresenting countries including Australia, Belgium, Canc
Denmark, England, Finland, France, Germany, Japan, Malaysia, The Netherlands, South Koree
Sweden, Taiwan, Thailand, and the United States.

Water Supply

Water for the operation ddboratories and experiments at CAF is sourced from public water taps
a pH of 7.5- 8.0, and an alkalinity of 3050 mg/L.

Water for ponds is sourced from a small Bun Sang canal behind CAF. The main water source o
canal is directly frmn theHau River. Typical water parameters include: pH (67/50), alkalinity (30-
50 mg/L), ammonidN (0.02— 0.05 mg/L), and nitrataitrite-N (0.02 mg/L).

Soils

See abové&eology/Soikection of théDescription of Area/Regioon page 17.

Support Facilities

In collaboration, CAF also has strong relationship with the Vietnam Fisheries and Aquaculture
Institution Network (VIFINET) and more than 30 international universities and organizations.
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Affiliations
In-Country

us

Can Tho University

College of Aquaculture and Fisheries
Can Tho, Vietam

Current Contacts

In-Country

University of ConnecticutAvery Point
Agricultural and Resource Econ/CT Sea Gr
Groton, Connecticut, US

us

Dr. Tran Thi Thanh Hien

Can Tho University

College of Aquaculture and Fisheries
Campus Il, 3/2 Street, Nink Kieu District
Can Tho City, Vietam

Tel: +849 18 39 1916

E-mail: ttthien@ctu.edu.vn
Website:http://caf.ctu.edu.vn/en

21

Dr. Robert S. Pomeroy

University of Connecticuf\very Point
Agricultural and Resource Econ/CT Sea Gr
Room 380 (Marine Science Building)
1080Shennecossett Road

Groton, Connecticut 06348048, US

Tel: 1-860-405-9215

Fax: £860-4059109

E-mail: robert.pomeroy@uconn.edu
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PURDUE UNIVERSITY

X
AQUACULTURE DEVELOPMENT AND THEIMPACT ON FOOD SUPPLY, NUTRITION, AND HEALTH IN
GHANA AND TANZANIA

GHANA
(Information provided by DiKwamena Quagrainie, US Project PI, in 2013)

Ghana is located in West Africa and is boetkon the north by Burkina Fasm) the east by the Cote
D’ T v, and ondhe west biype Republic of TogoThe southern boundary is covered by the Gulf of
Guinea, which provides a rich marine fishery for West Africa in general.

Aquaculture represents a significant alternative livelihood activity in Ghana and remains a formidable
alternative employment for the rural poor. The contribution of aquaculture to thedisihements of

Ghana is fairly restricted; meanwhile harvest fro
imports amount to about US$200 million per annum, an amount that can be reallocated to other sectors of
the economy such as the aquacultodaistry to supplement fish requirements in the country. Ghana has
recognized the 1importance of aquaculture to help
of the country’s fish requirement ursunfanaguacytue nt | y,
development policy to make fish farming a ptatile business venture and not jaistobby. The

government is adopting strategies to address constraints such as quality fish seed and feed, inadequate
extension services and supponidanarketing. The government has increased staff levels and provided

training to improve expertise and skills to assist fish farmers with extension services.

Smallscale farming dominates the industry producing various species of tilapia SDofoabronis
niloticus Tilapia zillii, Sarotherodon galilaeysiemichromis fasciatysieterotis niloticusand the
catfishes Clarias gariepinusandHeterobranchus bidorsalisSudies in Ghana bfquaFishhave
generated information and data on the economic prdityabf fish farming, particularlytilapia
(Oreochromis niloticug and catfisiClarias gariepinug;, and preliminary studies demonstrate that it is a
profitable farm enterpris€agefarming is becoming attractive and a considerable number of cage
farming is proliferating in the Volta Lake, the largest nmade lake in the worldy surface areaAbout

1% of the Volta Lake in Ghana has been earmarked by Government for the produfitioruoéler cage
culture systemsndicatingthe governmeris commitmento enhance aquaculture production in Ghana.

The Ministry of Fisheries (MOF) is the lead agency with administrative control of aquaculture responsible
for planning and development in the aquaculturesadior. The MOF does not offer credit facilities t

fish farmers but promotes the formation of fish farmers associations (FFAs). MOF support the growth of
the FFAs by providing each FFA a D6 bulldozer eyedr credit for the construction of ponds. Because
Ghana is governed by a democratically electe@gowent and the political climate is very stable,
socioeconomic and political conditions are conducive for investment in aquaculture in the country. The
political climate has attracted a number of financial institutions mainly banks from across theglobe t
invest in Ghana. This has made it possible for borrowing and leveraging of funds for various agricultural
activities. It is expected that aquaculture will continue to develop and provide the required data and
information to financial institutions so thidite sector could benefit from support from banks and lending
institutions. An Aquaculture Strategic Framework for the country has recently been fully documented and
disseminated to relevant stakeholders.

The FFAs are responsible for lobbying on behaffah farmers, organizing purchase of inputs such as

seeds and credit, and arranging markets for far me
Council for Scientific and Industrial Research (CSIR) is responsible for aquaculture resézinelman
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The WRI is the major aquaculture research institution in the country, although the universities
Renewable Natural Resources Institute at Kwame Nkrumah University of Science and Technology
(KNUST), Department of Fisheries and Oceanography at Usityesf Ghana (UG), and the Department

of Fisheries and Aquatic Sciences at University of Cape Coast (Ual€) conduct some aquaculture
research. These three universities and one agricultural college offer training in aquaculture as well. Some
limited but informal collaboration exist between the KNUST and the Ministry of Fisheries and it is hoped
that these links will be further strengthened as research and extension capacities are developed further.

Ghana is endowed with abundant renewable naturalress. The country is well drained by many large
rivers, streams and lakes, which makes it a potential location for aquaculture production in artificial
waters in natural lakes and rivers. Although fish constitute 60% of the total animal protein intake in
Ghanathemajority of these resources are of marine origin.

Unfortunately, the increasing human population now means that the marine fishery is no longer able to
sustain the growing demand for fish and fish products. Aquaculture production is catrieduval

Ghana and in some semniban communities in Ashanti and BreAfafo regions of the country. There is

a considerable number of rural fish farmers who are actively involved in fish farming in the rural areas
and whose livelihood depends on itnSoof the major farms in Ghana are Kumah Farms, Tropo Farms,
Crystal Lake Farms, Aqua Farnasd several others that are actively involved in promoting aquaculture
in Ghana.

The primaryHostCountry site for the AquaFish reseaistKkwame Nkrumah Univesity of Science and
TechnologKNUST) located inkumasj Ghanawhich is described in more detail beld@ne additional
support facilitythat will be used as neediedocated at théilot Aquaculture Center of the Fisheries
Commission

In addition topartners aPurdue University located in théS and KNUST ,other collaboratingartners
are located at theirginia Polytechnic Institutend State University)niversity of Arkansas at Pine
Bluff, and Oregon State University theUS, andSokoine Univerigy of Agriculture and University of
Dar es Salaartocated in Tanzania.
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Country Map

s 4
Kwame Nkrumah Universityof Science and Technology

Map of Ghanaindicating the location of Kwame Nkrumah University of Science and Techrinl@hana

KwAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY (KNUST)

T

Department of Fisheries & Watershed Management, Institute of Renewable Natural Resources, KNUST,
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General Location

The KNUST Department of Fisheries and Watershed Management Aquaculture Facility is locatt
roughly 13 km east of Kumasi, in theshanti Region. This area is in the transitional forest zone an
has an elevation that ranges between-2500 m above sea level.

DESCRIPTION OF AREA/REGION

KNUST has laboratory space and limited facilities for analysis of water quality of effluemigish
farms. Laboratories that complement those of the Faculty of Renewable Natural Resources incl
water quality labs at the Departments of Civil Engineering, Chemistry, Biochemistry, and Applie
Biosciences. Where necessary, the Ghana Watep@omKumasi, at some cost, has allowed KNU
to access its water quality laboratories for mutual benefit. KNUST has its own fish ponds that ar
primarily used for teaching and research for both undergraduate and graduate students.

KNUST in Kumasi is stri@gically located in Ghana as far as fish farming is concerned. Kumasi is
strategic market center with the largest open market in West Africa, and is a central hub for Ghe

Climate

KNUST is within the Kumasi metropolis, which falls within the web-gguatorial type.
Temperature

The average minimum temperature is about®®l.5he maximum average temperature is 30.7

Precipitation

Precipitation varies from around 5 mm in the dry season to nearly 200 mm in the wet season. It
varies bylocation, as the drier, northern parts of the country consistently receive less precipitatic
Humidity

The average humidity is between about 60% and 85%, depending on the time of day.
Seasonality

Precipitation and temperature vary significatjyseasonThe hottest and driest periods occur
between October and March.

Topography

Ghanais mostly plains, with a plateau area in the saugthtral part of the country below the massive
Volta Basin.

Geology/Soils

Kumasi falls within the moist sendieciduous Southeast Ecological Zone, with rich soils that are ic
for agriculture. The Kumasi Metropolitan area is dominated by the Middle Precambrian Rock, w
used in the construction industry. There are a few ssnalke mining activities, includg stone
guarrying and sand industries

Soil and Water Data

The major soil type is the forest ochrosol, which is a very rich type used for the production of
agricultural commodities such as vegetables, plantain, corn, and cassava.
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Layout of the Site

LAYOUT OF RESEARCH PORDS OF THE DEPARTHENT 0F FISHERIES AND WATERSHED MARAGEMENT
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Layout of the guaculture teaching and research peridcated at KNUST.

DESCRIPTION OF SITE

Map Coordinates Elevation

6°4 00’''N, 1°3 70' W 250m

General Background

Farmer trainings and workshops have been conducted in collaboratiahevithinistry of Fisheries in
Kumasi using facilities of both institutions, including the Pilot Aquaculture Training Centre in Kui
and the Department of Fisheries and Watershed Management at KNUST.

The aquaculture teaching and research ponds are acoajponent of the farm complex of the
Faculty of Renewable Natural Resources at KNUST. There are 15 earthen ponds of varying siz
which are sprinded. The ponds lie near the River Wiwi, which traverses the university campus fi
the south end. firee of the ponds have a total surface area of 308ight have a surface area of 20(
m?, and four have a surface area of 8¥0The average pH values of the pond waters range from ¢
7.5, while water temperatures range from 252%.2C. There islso a wet laboratory, a storeroom,
small hatchery, and a site for a duck pen.

Current work and research at the fish farm include tilapia and catfggrliimy production, as well as
fish feed and nutiibn experiments to find localgourcedcosteffective feed for fish production for
reducing dependence on imported feed. Most feeds available are razampand this represents a
setback to viable aquaculture production. Research is needed to identify local feeds and formul.
them. Most comercial feeds are imported from Brazil or Israel, but many have questioned the
sustainability of these imports. Efforts are being made to produce extruded feed for the aquacul
industry and the government is backing this fully.

Water Supply

Water suply is from two surface water treatment plants, the Owabi and Barekese headworks loc
10 km and 16 km from Kumasi, respectively. The supplies of water from these headworks serve
Kumasi metropolis as well as surrounding communities. The area ha808 18 storage reservoir
located at Suame and a 1,900aapacity reservoir located at KNUST.
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Soils

The major soil type is the forest ochrosol, which is a rich type used for the production of agricult
commodities such as vegetables, plantain, @rd,cassava

Support Facilities

KNUST collaborates with many international agencies and universities in the UK, US, Canada,
Netherlands, Israel, Germany, South Africa, and several other African universities. It has affiliati
with some new universitgolleges in Ghana to provide oversight as they develop curriculum stant
that meet international requirements. There are several formal and informal linkages with variot
institutions, such as the Council for Scientific and Industrial Research (C8tRhese frequently
offer limited training facilities for both undergraduate and graduate studreaisties of thePilot
Aquaculture Center of the Fisheries Commissidhalso be used as needed.

Primary Affiliations

In-Country usS

Kwame NkrumalUniversityof Science and Technology Purdue University

Kumasi, Ghana, West Africa West Lafayette, Indiana, US
Current Contacts

In-Country us

Dr. Stephen Amisah Dr. Kwamena Quagrainie

Faculty of Renewable Natural Resources Dept. ofAgricultural Economics
Kwame Nkrumah Universityfd&Science and Technology Purdue University

Kumasi, Ghana, West Africa 403 W. State St., Krannert Building
Tel: 23151-60381 West Lafayette, Indiana 47907 US

Tel: (765) 4944200
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TANZANIA
(Information provided by Dr. Kwamena Quagrainie, US Project PI, in 2013)

Aquaculture in Tanzania is dominated by srsathle freshwater fish farming. Farming practices include
both extensive and sesimtensive fish farming butemajority areextensive small fish ponds integrated

with other agricultural activities such as crop and animal production. Fish production activities are found
mainly in Ruvuma, Iringa, Mbeyand Kilimanjaro. Several species are cultured, but mainly dominated

by tilapia (Oreochromis niloticus Other species with potential for use in aquaculture include the milkfish
(Chanos changsthe flathead grey mulleMugil cephaluy, the North African catfishClarias

gariepinug, and shellfish such as shrimppllusks crabs, gsters and mussels. Various species of

seaweed is farmed in Tanzania, mainly in coastal areas along the coastline from Tanga in the north to
Mtwara in the south, and in the islands of Mafia and Zanzibar.

The Fisheries Division is the governmental agaesponsible for the formulation, implementation, and
enforcement of aquaculture policy and legislation. The Division conducts numerous workshops to create
awareness in the communities on sustainable aquaculture, and provides low interest loans apdaa three
tax-free period for investors in commercial aquaculture through the National Investment Center (NIC).
Several institutions are involved in fisheries research, educatiotraining. The Tanzania Fisheries
Research Institute (TAFIMA) has overall resgibility for all the research on fisheries; the Faculty of
Aquatic Sciences and Technology (FAST) at the University of Dar Es Salaam and the Sokoine University
of Agriculture (SUA) are both responsible for carrying out research and training on fisbehies.
governmenfisheriescentersand nstitutes are involved in training as well.

In Tanzaniathe fisheries sector contributes about 10% of the national GDP. Fisheries sector provides
food, incomeand employment for many people in Tanzania. It is estimated that the country's fish and
fisheries products provide about%®f animal protein supply. The supply &ftf comes from two main
sourcesfisheries based on the natural water bodies and frdnidisning. The major areas of fishing are
the shores of LaleTanganyika, Victoriaand Nyasa were about 360,000 full time and occasional
fishermen are engaged in fishing or fisheslated activities.

Although production from aquaculture accounts fioly@ small proportion of total fish produced at the
national level, it provides vital animal protein to the population residing in areas which are located far
away from the major fishery resources or where transport of fish is either difficult or tatsagdn

some regions where protein intake per capita is low and where protein malnutrition prevails, the socio
economic benefit from aquaculture is high. Fish farming in Tanzania is done in dams, ponds and tanks by
commercial farmers, smallholder farmarsd institutions, mostly usindapia species. The species

widely cultured ar®reochromis niloticusOreochromis leucostictuandOreochromis uroleptisFish

farmers obtain fingerlings from government égntersand fisheries institutes.

For the patsthree decades, the government of Tanzania has recognized that the fisheries resources have
been overexploited by local communities and other users. In realization of this, the government developed
a policy and strategies for the fisheries sector in 198&.policy emphasizes the need for change in

attitude towards fisheries resource exploitation practices as well as the necessitgde tha resources
sustainably and toonserve and develop the fisheries resourcethégood and prosperity of all. €h

main goal of the national fisheries policy is to promote conservation, develg@andrdustainable

management of the fisheries resources for the benefit of present and future generations. The policy
recognizes the potential for increasing fish productioough aquaculture to complement the capture
fisheries. The policy has set management principles and guidelines for the development of aquaculture in
order to ensure sustainability of aquaculture production in the country.
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Theprimary Host ©untry site for AquaFish researisdthe Aquaculture Research Facility located at
Sokoine University of Agricultur€SUA) in Tanzania andvill be described in greater detail belo@ther

onfarm experiments will be done in Morogoro, Dar es Salaam, ColHtialja and Iringa regionsf
Tanzania

In addition topartners aPurdue University located in théS andSUA in Tanzaniaother collaborating
partners are located @regon State University/irginia Polytechnic Institute and State Universind
University of Michigan in thdJS, University of Dar es Salaam Institute ohlvhe Sciencedocated in
Tanzania, and Kwame Nkrumamiversityof Science and Technology located in Ghana.

Country Map

Sokoine University of Agriculture

Google Earth

Map of Tanzania anthdicating the location of Sokoirigniverstiy of Agriculture
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SOKOINE UNIVERSITY OF AGRICULTUREAQUACULTURE RESEARCHFACILITY

Sokoine University of Agriculture Aquaculture Research Facility

General Location

Sokoine University of Agriculture is situated 3 km from the center of Morogoro Municipality, whit
about 200 km west of Dar es Salaam. The university is located befw&&8 and 3738 °E.
DESCRIPTION OF AREA/REGION

Freshwater aquacultuig concentrated in six regions in Tanzania: Arusha, Kilimanjaro, Morogoro
Iringa, Mbeya, and Ruvuma. Morogoro and Mbeya have the most fish farming activities.

The Morogoro Region is one of 20 regions in mainland Tanzania. The region lies bletitede
598" and 1€0" to the south of the Equator and longitud&235 and 3530" to the east. It is bordered
by seven other regions: Arusha and Tanga regions to the north, the Coast Region to the east, C
and Iringa to the west, and Ruvuma and Liodhe south.

The Mbeya Region is located in the southwestern corner of the Southern Highlands of Tanzani:
region lies between latitudes B °S and between longitudes-85°E. The region lies at an altitude ¢
475 m above sea level, with highgks of 2,981 m above sea level at Rungwe. Mbeya shares bort
with the countries of Zambia and Malawi to the immediate south, Rukwa Region to the west, an
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Tabora and Singida regions to the north. The Iringa Region lies to its east, with Tunduma and
Kasumulu in the Mbozi and Kyela districts, respectively, being the main points of entry into the
neighboring countries of Malawi and Zambia.

Mikindu Village

Mikindu is a village in the mountainous areas of the Morogoro Region. Aquaculture is practiced
extensively in this area with many fish ponds located near homes. Most farmers use animal anc
vegetable byproducts to feed fish, which can reach more than 200 g in six months. Fish farmers
area have organized themselves into fish farmer groupshwaliows the farmers to actively
participate in national extension programs.

Kingolwira National Fish Farming Center (KNFFC), Morogoro

Workshops and farmeraining programs are conducted at Sokoine University of Agriculture (SU#
and the Kingolwira Natinal Fish Farming Center (KNFFC), Morogoro. KNFFC started in 1989 wi
funding from the United Nations Development Programme and FAO and the United Republic of
Tanzania government. The center has a reliable water supply, an office building, a vehisi@ and 1
motorcycles, and 12 ponds. The center also has 18 round concrete tanks (4 m diameter size) ir
hatchery/nursery section and 12 rectangular concrete tanks (1 x 0.5 m size). The center operatt
integrated fish farming with animal husbandry, wherebytpppens, and pig and goat buildings are
constructed adjacent to the earthen ponds. The center also has 10 earthen ponds tséeaabanft
14 kilometers from KNFFC.

Climate

The climate is generally tropical with marked seasonal and altitugimgleratures and high rainfall
variations causing dry and rainy seasons.

Temperature

The mean annual temperatures in the Morogoro Region vary with altitude from the valley bottor
mountaintops. The average annual temperature varies betw€eontBe mountains to 30 in river
valleys. In most parts of the region, average temperatures are almost unifori@.dh2feneral, the
hot season is from July to September. Temperatures in Mbeya range betw@em thé highlands an
2 5C in the lowland areas.

Precipitation

In the Morogoro Region, annual rainfall ranges from 600 mm in the lowlands to 1,200 mm in the
highland plateau. However, there are areas that experience exceptional drought with less than |
of rainfall. These areas are in Gaand Mamboya divisions in the north of Kilosa District, and the
Ngerengere Division in the east of Morogoro Rural District.

The Mbeya Region enjoys abundant and reliable rainfall. Annual rainfall varies between 650 mr
Usangu Plains and up to 2,600n in Chunya on the northern shores of Lake Nyasa in Kyela Distr
and highlands of Rungwe and the southern parts of lleje District.

Humidity

Humidity is much higher on the coasts than inland and is particularly low during the winter mont
Seasonality

The area receives an average annual rainfall of-@0000 mm and has bimodal rainfall: The short
rains occur between November and December, followed by a short dry spell between January ¢
February. The main rainy season is from March tgy.M&e period between June and October is a
season. The soils around the university main campus are mainly oxisols, with scattered patches
sandy loams, with pH ranging between 5.5 and 6.0.

The rains in the Mbeya Region normally start in Octobercamtinue until May, with dry and cold

spells occurring between June and September. Thegcosyging season in most parts of the region
begins in November and continues until May.
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Topography

The topography varies from the plains along the coast, kateap in the center of the country, and
highlands in the north and south of the country.

Geology/Soils

The dominant natural vegetation is thatyfperrheniaspp. andsporoboluspp. dotted with miombo
and acacia bushes. However, established pastures have modified the vegetation and the domir
species ar€hloris gayana Brachiaria spp., andPennisetunpurpureum

The regions lie at an altitude of 475 m above sea levelhigthpeaks of 2,981 m above sea level at
Rungwe. The major topographic features of the Mbeya Region are the low elevation of the Wes
Rift Zone, which covers LalsRukwa and Nyasa, and the Eastern Rift Zone, which covers the Us
Plains and the neigbbing parts of the Ruaha Trough. The lowlands within the Rift Valley lie betw
500 m and 1,400 m above sea level. Of the regional surface areas, 61;858rkrtand, about 57,00(
km? arable land, and 1,757#® is covered with water

Soil and Water Daa

In most arable areas, soils are commonly of moderate fertility, coarse or medium textured, and
from sandy loams and alluvial solids to cracking rocks. Although large areas of the regions are
cultivated, large tracks of land are still coverethwiatural vegetation such as miombo
(Broschystegion, Julbernardiavoodlands. Areas with rains of 86,200 mm per annum favor the
growth of miombo woodland, while areas wit
growth of wooded gratand and bush lands of dense thickets of acacias and thorny trees. Areas
higher rainfall support forests, often evergreen and bamboo except at the highest elevations, wi
afro-alpine grasslands occur.

DESCRIPTION OF SITE

Map Coordinates Elevation

6°4 90''S, 37°4 00’ 'E 500 m

General Background

The main campusf SUA, where the aquaculture facilities are located, lies on the slopes of the
Uluguru Mountains at an altitude of about 50600 m above sea level.

The aquaculture section is under the Department of Animal Science and Production. The depar
maintains 20 concrete cylindrical tanks with a diameter of 3 m and 10 earthen ponds with dimer
of 20 m x 15 m. The department also has an animal nuttitibmratory for analysis of feed samples.
The laboratory has a capacity of carrying out proximate analysis, Neutral Detergent Fiber (NDF
Acid Detergent Fiber (ADF) determination, and determination of minerahatritional contents of
various feedsin terms of human resourcéBere are many staff members in various fields of anime
science (e.g., animal nutrition, animal breeding, and genéti¢the department who asdis¢
aguaculture section.

Water Supply

Water used for the aquaculture pogsl tanks at SUA originates from a stream located on Mount
Uluguru. Water temperatures range from-289°C. Dissolved oxygen ranges from 5.8.1 mg/L,
and pH ranges from 6-77.2

Soils

The soils around the university main campus are mainly oxigtiisscattered patches of sandy loan
with pH ranging between 5.5 and 6.0.

Support Facilities

The Tanzania Fisheries Research Institute (TAFIMA) has the overall responsibility for all the res
on fisheries in the country, and the Faculty of Aqudtieznces and Technology (FAST) at the
University of Dar es Salaam and other government fisheries centers and institutes are involved
training as well.
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Primary Affiliations
In-Country

us

Sdkoine University of Agriculture
Morogoro, Tanzania

Current Contacts

In-Country

Purdue University
West Lafayette, Indian&JS

us

Dr. Sebastian W. Chenyambuga,
Department of Animal Science and Production,
Sokoine University oAgriculture,
P.O. Box3004, Morogoro, Tanzania.
Email: chenyasw@yahoo.com
or chenya@suanet.ac.tz
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NORTH CAROLINA STATE UNIVERSITY

X
ENHANCING AQUACULTURE PRODUCTIONEFFICIENCY, SUSTAINABILITY , AND ADAPTIVE
MEASURES TOCLIMATE CHANGE IMPACTS INBANGLADESH

BANGLADESH
(Informationprovided by Dr. Russell Borski, US Project P, in 2013)

Bangladesh is a politically stable South Asian country lying in the Ganges Delta plain formed by the
confluence of the Ganges (Padma), Brahmaputra (JapanthMeghna rivers and theiftutaries

draining into the Bay of Bengal to the south. These highly fertile lands were developed through
deposition of alluvial soils from the Himalayas. Much of the country is < 10 meters above sea level, with
the coastal regions near sea level. Ab@y0@0 square kilometers (1 million hectares) of the total area is
covered with water, and large areas are routinely flooded during the monsoon G@amomthese
featuresBangladesh is one of the most highly suited countries for coastal and inland aguatiltural
developmen Fisheries and aquaculture arenainstay for the livelihood of rural communities and most
of the dietary animal protein (65%) consumed by its citizens comes from seafood. Accordingly, the
Governmat of Bangladesh and USAID Fe#te Future havenade investment in aquaculture
development a high priority towards improving food security and nutritiondqeiopleCarps, tilapia,
Pangasiugatfish, freshwater prawns, mud cramd nutrieridense fishes such &ola and airbreathing
catfishes, Shing and Kaire the primargeafoods grown in Banglade#til speciesare indigenous or
have been cultivated in countfor over two decadeSeveral contain high levels of micronutrients that
can help overcome mineral andamin deficiencies, partidarly for women and childref®utside of
nutritional benefitsthese seafoodsealso major sources of incorfoe therural poor.Therefore, there is
a need to enhance production of popular cultivars through sustainable snisthioichit environmental
impact Bangladesh is also considered the world's most vulnerable nation to climate chabhgé (Glo
Climate Risk Index, 2011Adaptive measureare needetb mitigate the impacts through promotion of
species tolerant of harsh émnmental conditionandelevated hyposaline environments arising from
increased sea levels.

The primary Host Guntry site for the AquaFistesearctwill be at Bangladesh Agricultural University

The government established BAU in 1961 as the premierudignial institute of higher education,

research, and extensitimat serves a similar role as land grant reseansfetsities in the US. The

government heavily supports the university and its mission, which has six branches (colleges) and 43
departmentsavering all aspects @&gricultural educatioandresearch The uni versity’ s
increase the quality and standard of higgngricultural education and to produce the next generation of
agriculturists, scientistand researchers needed for developing agriculture in Bangladesh. The university
confers MS and PhD degrees for many agriculture disciplines, including fisheriaquaailture.
Communication, transportation, and facilities for research and extension activities are very good.
Transportation to regions for gdamtrials with cooperating farms is also adequate.

Outside of orstation research at BAlthere areseveral aquaculture systems thit be used for the
purposes of fieldon-farm)trials in the rural regionsf the Péuakhali district andhe greater Khulna and
Barisal regions of Southwest and South Bangladesh, respeciitele will also bectivities carried out
on participating farms located in villagesRéngpur Union, Dumuria Upazila, Khulna Distriatyd the
surrounding region. Support facilities for water quality analysis are also located at Khulna University

In addition tothe partners dtlorth Carolina State University located in 48, Bangladesh Agricultural

University and Klulna University other collaboratingartners are located @regon State University in
the US andPatuakhali Science aricgechnology Universityn Patuakhali, Bangldesh.
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BANGLADESH AGRICULTURAL UNIVERSITY (BAU)

Bangladeshgricultural University (BAU)on-stationexperimental ponds and the BAU water qualkdy. |

Country Map

‘Bangladesh Agric ul(ur.ﬂ University
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Khulna University e
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Map of Bangladesindicating thelocationof Bangladesh Agricultural Universitgnd Khulna University
Additional support facilities (yellow) and darm trial locations (blue) are also included
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General Location

The primary Host Guntry site for the North Carolina State University (NCSU) project is Banglade
Agricultural University (BAU). The BAU campus is located near Mymensingh, a city in the-north
central region of the country, which is about 120 km (75 mi) north of Dhaka, the capital of Bangl
BAU is located on the western bank of the old Brahmaputra River, ®kth 8om Mymensingh
Railway Station

DESCRIPTION OF AREA/REGION

Climate

Mymensingh and the rest of Bangladesh are consideypital wet and dry climat@w) under the
Kdppen climatendex. It is generally cooler than Dhaka due to the close proximity to the Himalay
mountains. The cooler dry season ranges from November to February, and the monsoon seasc
May or June and continues until August, when it rains heavily anéthoestsometimes for days and
even weeks

Temperature

The average temperature ranges from 18 °C in January, increases to around 28 °C from April tc
October, and then steadily declines to an average temperature of around 20 °C in December.
Precipitation

The amount of rainfall is very high in Bangladesh because of its location in the tropical monsoot
region. The winter season is very dry and accounts for on%2 of the total annual rainfall. Rainfal
during the rainy season is caused by the tropigaledsions that enter the country from the Bay of
Bengal. These account for 70% of the annual total in the eastern part, 80% in the soutipagstern
and slightly morehan 834 in the northwestern part of Bangladesh. The amount of rainfall in this
season &ries, from 1,000 mm in the west central part to more than 2,000 mm in the south and
northeast. Average rainy days during the season vary fraagin the wesicentral part to 95 days
in the southeastern part and more than 100 days in the northeaste@wvprall average rainfall is 11
mm in January during the dry season and peaks to almost 500 mm in July during the monsoon.
Humidity

In the eastern areas, the lowest humidity occurs from January to March. The relative humidity p
around 8G- 85%from June to September. The average relative humidity for the whole year is 70
78%, depending on location.

Seasonality

Mild winter (October to March); hot, humid summer (March to June); humid, warm rainy
monsoon (June to October)

Topography

Mostly flat alluvial plain; hilly in the southeast

Soil and Water Data

The soil is mostly alluvial and somewhat deltaic toward the south, sandy to silt/clay.
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Layout of the Site

BAU On-Station
Experimental
Ponds

Experimental ponds &angladesh AgriculturaUniversity (BAU

DESCRIPTION OF SITE
Map Coordinates Elevation

24° 43° 31” N, 90° 26 &05m E
General Background
The government established BAU in 1961 as the premier agricultural institute of higher educatic
research, and extension, ahglays a similar role as the laggant research universities in the US. T
main task of BAU is to increase the quality and standard of higher agricultural education neede
produce the next generation of agricultural teachers, scientists, extegsitg, @and entrepreneurs. It
is a residential university mandated to offer higher education and research in agriculture, includi
conducting examinations, conferment of degrees, and granting affiliation. The partnership betwe
AquaFish and BAU is ideabf building capacity in the aquaculture and fisheries sector and for
development of sustainable aquaculture practices that can enhance the food security and welfa
people of Bangladesh. The university has the needed infrastructure, experiermegeatise to carry
out productive research. There are 100 research ponds in the Fisheries Field Laboratory of BAL
which 27 ponds will be déchted to AquaFish activitieBAU also has a water quality and pond
dynamics laboratory, nutrition laboratopathology/microbiology laboratory, and other facilities for
undertaking research of international quality.
Water Supply
The BAU Fisheries Field Laboratory has a reliable yeand supply of water for culturing fish
derived from groundwater pumped frateep tube wells and is supplemented with rainwater during
monsoon. The ground water is clean and has a neutral pH
Soils
The soil is mostly alluvial and some deltaic toward the south, sandy to silt/clay.
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Support Facilities

Khulna University is a public university in Southwest Bangladesh. The Fisheries and Marine Re
Technology (FMRT) Discipline was established in 1992 with a mandate to establish an avenue
research and academic programs in all aspects of fishEniesiniversity is situated at Gollamari,
Khulna, Bangladesh, by the river Moyur, beside the Khatkhira Highway. The teaching staff of
the FMRT Discipline possess specialized knowledge in the areas of fish biology, marine scienct
aguaculture, fishereemanagement, genetics and fish breeding, ecology, oceanography, and pos
harvest technology. Present reseavdbnted laboratories include a water quality lab, aquaculture
nutrition lab, fish microbiology lab, fish genetics and biotechnology lab, ariehpogest and fish
processing lab. Some of the basic water quality analyses frdarmrtrials in the region will be
conducted in thEMRT water quality lab.

Primary Affiliations

In-Country usS

Bangladesh Agricultural University North CarolinaState University
Department of Fisheries and Management Department of Biology
MymensinghBangladesh Raleigh, North Carolind)S
Current Contacts

In-Country us

Dr. Shahroz Mahean Haque Dr. Russell Borski

Bangladesh Agricultural University North Carolina State University
Department of Fisheries and Management Department of Biology
Mymensingh 2202 Bangladesh Box 7617

Email: shahrozm2002@yahoo.com Raleigh, North Carolina 27698617 US

Tel: 1-9195158105
Fax: 19195155327
Email: russell_borski@ncsu.edu
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AUBURN UNIVERSITY

X

AQUACULTURE DEVELOPMENT INKENYA AND UGANDA: ADVANCING COST-EFFECTIVE
TECHNOLOGY, MARKET ASSESSMENTAND END-USERENGAGEMENT

UGANDA
(Information provided by Dr. Joseph Molnar, US ProjBettin 2013)

Uganda is located in the East African region (1 00 N, 32 00 E) along the equator line. It is a landlocked
country bor@ring South Sudan in the noribemocatic Republic of Congo in theast Rwanda in the
southwestTanzania in the south, akanya in the eastts surface are&s 241,038 kmiand the area

under water (permanent and seasonal) is 43,938(Kt8% of total area). Kampala is the capital and
political city of Uganda.

Uganda is a developing country in the stdtharan Africa regiowith a gross domestic produeginging

4 - 6%that is driven by public investment, agricultural outaund a conducive manufacturing
environment. Tts economic growth has improvédes of manyUgandanswith households living in
poverty declining from 246% (2010) to 22% (2013). Literacy levels were 73.2% for the total population
with males at 82.6% and females at 64.6% in 2010. However, with a per capita income of US$506,
Uganda remains a very poor country vitie majority of its nonpoor population clssified as vulnerable.
The country is still off track on sevémaillennium development goafer example, on health related
services and the universal primary education. Nonetheless, there are signs of economic recovery with
growth rates from 3.4% in 2018 5.8% in 2013, and most importantly the heavy rains experienced
during the second half of 2013 are likely to lead to increased agricultural production.

Uganda’s 1is about 30% arable land with a tropical
February, June to August). The agricultural sector grew at 2.6 % in 2009 but these rates are below

Ug a n d a lation growih rate of about 32 per annum indicating a low per capita agriculture

production. Ths is below the target rate o¥Gper annum thawas agreed by the African Union in

Maputo, Mozambique, in 2003 under the Comprehensive Africa Agriculture Development Program

(CAADP). Uganda Government is currently mobilizing farmers and increasing investments in agriculture
through the Agriculture Seat®evelopment Strategy and Investment Plan (DSIP), which will effectively

reduce poverty in Uganda

The Fisheries sector employs over 300,000 people with up to 1.2 million depending on resource for
income and livelihood (PEAP, 2004). Through the DSIPrustation, fish production is expected to
increase from 420,000 MT in 2009 to 530,000 in 204&inly through participatory managent of
natural water resourcesd intensification of aquaculture.

Aquaculture started in Uganda in 1953 (Balarin, 1985)n\beels of kwashiorkor among children in the
Central (Buganda) region were high. The Fisheries Experimental Station (now the Aquaculture Research
and Development CentekRDC) was therefore established in 1953 to develop appropriate technologies
for fish production at subsistence levels in rural households. Until the late, f88(&arming was largely
practiced by smalholder farmers whose prime objective was to ensure food security at subsistence level.
From 2000, the demand for fish increased whgh &tocks reduced and aquaculture production began to
transform into a viable alternative for income, gainful employramd food security. Hence, Uganda
government policy promoted the commercialization of aquaculture.

The primaryHostCountry site forAquaFish research will be at tA&kDC in Kajjansiand is described in
greater detail belowt his facility is under the National Fisheries Resources Research Institute (NaFIRRI)
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which is a public research institute of the National Agriculture Researchi@atian. Being centrally
located in the African great lakes region, ARDC is well positioned to serve as a hub for aquaculture
research and development in the region. The ARREIRRFIKajjansi is within Wakiso District has
conducive climatic and soil/vegéian for aquaculture productiohe ARDC has 52 concrete tanks
(49— 60 ), 51 earthen ponds (116@B000n¥), a hatchery, ankhboratories (fish nutrition, water quality
and fish health).

In addition topartners afuburn University located in theS, collaborating partnersn the Uganda
projectsare located atlabama A&M Universityand Oregon State University in the U well as
Makerere University and the Fisheries Training Institutdganda

Country Map

L .
Makerere University ® National Fisheries Resources Resedrch Institute ¥
»
Kajjansi Aguaculture Research and Development Center

Google Earth

Map of Uganda indicating the locati@f theKajjansi Aquaculture Researddevebpment Centrethe National
Fisheries Resources Institute, and Makerere University.
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KAJIJANSIAQUACULTURE RESEARCH ANDDEVELOPMENTCENTRE

General Location

ARDC is located in an urban area in the Wakiso District. Kajjansi is located 11 km along the Kai
Entebbe highway and 1.2 km off to the right on the side of Uganda Clays Ltd.
DESCRIPTION OF AREA/REGION

Climate

Tropical to semiarid

Temperature

Tropicalclimate; average temperaturdg ¢ 29 °Q. The warmest month is January.
Precipitation

There are wo distinct wet seasonthelong rainy season from March to Mand theshort rainy
seasonfrom September through November. Tdngerageprecipitation is1,380 mm.

Humidity

Humidity stays relatively moderate

Seasonality

There are two dry seasons from December to January and June to. August

Topography

Mostly plateau rirmedby mountains

Geology/Soils

Ferralitic soil

Soil and Water Data

The mainsource of water is the Kajjansi River, a kilometer away from Lake Victoria. The center :
served by the main grid of National Water and Sewerage Cooperation.

Layout of the Site
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Plan of Kajjansi Fish Ponds
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DESCRIPTION OF SITE

Map Coordinates Elevation

0°13'19.1"N, 32°32'04.9'E 1,190 m

General Background

ARDC is the largest and only research center in Uganda charged with developing technologies
information through research to improve aquaculture production and guide stakeimopd@nsing,
investirg, and developing aquacultuRDC is the national center responsible for aquaculture
research and development and is a bran®h&fIRRI andis comprised of two locations: The main
offices and ponds are located on about 49 acresthenstaff houses are one kilometer away on abc
two acres.

Water Supply

The main source of water is the Kajjansi River, but the center also is served by the National Wa
Sewerage Cooperation

Soils

Ferralitic

Support Facilities

Plan to work with Makerere University colleagues affiliated with the Nutrition Innovation Lab to
and prograna conference

Primary Affiliations

In-Country us

National Fisheries Resources Research Institute Auburn University

P.O Box 343 Department oAgricultural
Economics

Jinja, Uganda and Rural Sociology

Auburn, Alabama US
Makerere University
P.O. Box 7062
Kampala, Uganda
Current Contacts

In-Country us

Dr. John K. Walakira Dr. Joe Molnar

Aquaculture Research abvelopment Centdfajjansi Department of Agricultural
EconomicaNational Fisheries Resources Research Instii&tRO and Rural Sociology
P.O. Box 530 301 Comer Hall

Kampala, Uganda Auburn, Alabama 36849406 US
Tel: +256 777 673 696 Tel:(1-334) 8445518 (AM) Office
Email: johnwalakira2003@yaho0o.co.uk (1-334) 8445615 (PM) Office

Fax:(1:334) 8445639 Office
Email: molnajj@auburn.edu
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KENYA
(Information provided by Dr. Joseph Molnar, US Project PI, in 2013)

The Republic of Kenya lies astride the equator on the Eastern seaboard of Africa. It covers an area of
approximately 582,600 khof which 133 kmiis water. Land use in Kenya is descriliederms of

ecological zones { V1), which are derived from a combination of climate, soil, topographg

vegetation type. Most land is either of high, mediomlow agricultural potential, depending on the
ewlogical zone. Agricultural land use falls into two categories: eithertioighedium or low potential
according to the amount of rain received and rates of evapotranspiration.

The highto-medium potential arable areas are 26% of total hunsdidnumidareas that receive

75—1400 mm of rainfall. The low potential areas (74% of the total) are marginal agricultural lands where
rainfall is unreliable and is often less than 750 mm. In the absence of irrigation or water conservation,
they are suited onlytlivestock raising. The higto-medium agrialtural potential areas supp&®®% of

the total human population (~33 million in 2007) while the remaining 20% live in the low potential areas
(arid and semarid zones).

The government of Kenya developmentigy has always focused on alleviating poverty through

increased food production and minimizing environment degradation. Consequently, a major priority
development need of the government has been trying to introduam&ivaquaculture, which will

increase available protein to local communities. Mixsk Nile tilapia culture represents over 75% of

fish produced through aquaculture. Polyculture of Nile tilapia and catfish produce about 15% of the
national aquaculture production. Until year 2000, aquaaultuKenya had stagnated at an annual

production of around 1,000 tonnes. Since 1999, however, through consistent effortarin omsearch

and training, Kenya's aquaculture production has risen and is currently at about 3,500 tonnes. The focus is
now onencouraging the development of private, commercial {acgde aquaculture, which is likely to

increase Kenya's production to about 12,000 tonnes in the next three years. This development follows the
efforts of the Department of Fisheries with developnpamtners such asquaFishto promote

aguaculture as one of the means to eradicate poverty and hunger. During the preparation of the Poverty
Reduction Strategy Paper in 2000, the Government identified aquaculture development as a core activity
for fundingthrough the current Medium Term Expenditure Framework Budgeting System. The period

from 2000 until now has been marked by aggressive research, training and private sector involvement in
aquaculture. Production in real terms has doubled and is set to gmwehl,000 percent (ten times) in

the next three years. The prevailing conditions combine good prices and high demand, which are likely to
boost fish production from aquaculture.

Nile tilapia (Oreochromis niloticusand African catfishQlarias gariephug are the principal aquaculture
species in Kenya and the region and are well adptlocal conditions. Othepacies include the air
breathing lungfishFrotopterus ethiopicysninju (Labeo victorianul and other endemic fish species.

Tilapia speies form about 90 percent of farmed fish in Kenya. Polyculture of the Nile tilapia
(Oreochromis niloticuswith the African catfishClarias gariepinu}is often practiced to control the

prolific breeding of the former and increase production per urat &guaculture takes many different

forms ranging from the small halig 'kitchen ponds', to fairly large eathponds of D00 nf. Dams

and other impoundments of stored water are often stocked with fish and harvested periodically.
Aquaculture practicemclude the intensive, serititensive and extensive systems. The séménsive

systems form the bulk of aguaculture production in Kenya, contributing more than 70 percent of the total
production from aquaculture. Intensive systems are few, while fiyfeersive systems are being set up

and ae projected to contribute as much as 90 percent of all farmed fish in Kenya by both volume and
value.

45



Although there are many features of the Lake Victoria Basin, which are of interest to biologists, it is the

fish that receive the most attention. Thehtids (including the Nile tilapia) in particular have had a

remarkable burst of speciation in response to the environmental changes that have taken place in the basin
and on Lake Victoria. One of the main events of importance to the Lake ecosysterpastttiérty years

was the introduction of new species such as the Nile perch into the Lake. It is also important to note that
the size of the fishery exploded from 1978 on, perhaps, a factor of five or more resulting from this
introduction. Physical integfences, environmental degradation and change in land use have reduced fish
catches, Aquaculture would therefore be a logical step in restoration of populations of selected and
threatened species, improve fish supply to local riparian communities, rétleghcacies to consumer

markets and improved livelihood to fish traders and fish farmers.

Fish farmers could diversiftheir fish production to senaes baitfish for Lake Victoria aravail basic

human food for local and distance markets. The demarwffish fingerlings is projected to grow

further as the aquaculture potential of the Lake Victoria Basin is deemed enormous considering its water
resources the geographic characteristics of the basin, demographic trends, fish eating culture and declines
in Lake Victoria capture fisheries productivity. The domestic market for Nile tilapia is quite promising.
Prices are high in major cities and other parts of the country. The major towns surrounding the
aguaculture production centers constitute assured tsarke

Aquaculture development among rural households with limited resources remains a challenge. The rural
poor face many constraints to entry into aquaculture farming and subsequent adoption of improved
technologies and management practices. Among otinvagability of startup capital, operational

resources, and reasonable prices are important in order to adopt, ,@retaiestain improved fish

farming practices and produce quality fish. Most developing projects are more concerned with increased
producton of fish. Producing more fish does not necessarily imply profitability of the fish farming
business. Economic analysis is an important management tool necessary for business planning, seeking
financial assistance from formal institutioasd identifyirg economically sustainable enterprises.

The primaryHostCountry sites and facilities for AquaFish research are the University of Eldoret and the
Mwea Fish Farm, which will individually be described in more detail below. In addition to these two
primarysites,andheradditional support facilitincludes the University of Nairobi located in Nairobi,
Kenya.

In addition topartners afuburn University in theJS and the University of Eldorepthercollaborating

partners are located dniversity of Arizoraand Oregon State Universiity theUS andthe Ministry of
Agriculture, Livestock, and Fisherigs Kenya
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UNIVERSITY OFELDORET

General Location

The University of Eldoret Aquaculture research facility is located 12 km outside of Eldoref lonwg
the EldoreZiwa-Kitale road.

DESCRIPTION OF AREA/REGION

Climate

Tropical alonghe coast and arid inland

Temperature

The highest temperatures occur in March, and the lowest occur in July. The daily average varies t
16-22 °C. The cool season average varies betweerl93C. The warmeason average varies betwe:
17-25 °C.

Precipitation

Rainfallsaverageaboutl223mmRa i ns are wuni modal and fall f
rains” fall fr o wthMsnglemonthpkak of 50§ mm dlmare in April.

Humidity

Humidity in the highland region surrounding the campus ranges aroun€0% in the afternoon during
the dry season and between-580% in the rainy season
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Seasonality

There is a distinct cool season between June and August, when rainfalmsaham. Even though
there is little rain, the skies tend to be overcast much of the day during this period. A rainy period |
as the “short rains” occurs between October
Topography

The ponds are located on a gently rolling regiontdgaers into wellvegetated wetlands characterized |
papyrus reeds and other aguatic macrophytes.

Geology/Soils

Soils are igneous in origin and underlain by tertiary volcanic rocks (phenolites) characterized by Ic
natural fertility. The soils in this ggon are acidic with soil pH ranging from 5.5 to 6.4. They are red
friable over petroplinthite and are classified as rhodicferralsols. Clay content averages 30%, and t
have a high water holding capacity. The area is characterized by brown lodrapdasioil structures are
mostly granular, indicating low water seepage due to small soil pores.

Soil and Water Data

Water supply to the ponds is from a 1.2 ha spfétgreservoir and is supplemented by municipal maii
water supply when necessary. Ponds were designed according to FAO recommendations with fee
such as inflow by gravity, drains with adjustable pipkxieg sides, and a drainfield that intercepts
effluent in aCyperus papyruswamp prior to entering the receiving water body.

Layout of the Site

Aerial photograph of University of Eldoret Aquaculture production and resefanility

DESCRIPTION OF SITE

Map Coordinates Elevation

0°03” and 0°55° N, 34° 3180m E

General Background

The University of Eldoret Fish Farm is operated by the Department of Fisheries and Aquatic Scien
which is housed in the School Matural Resource Management. Students from the university and se
other institutions conduct field studies at the farm. Considerable attention was given to both the de
future operations of the fish farm. The main facilities are comprisedhatichery, quarantine unit, and fi
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ponds alongside supporting facilities of a seminar room, laboratories, workshop, and offices. Supp
fertilizers, chicken feed, and feed ingredients, such as rice bran, are generally readily available, at
Eldoret town.

The university offers MS and PhD degrees in Fisheries with an Aquaculture option. The university
offers a BS in Fisheries and Aquatic Sciences, ay®ay diploma in Aquaculture and Fisheries
Management, and other shortcoursespu a cul t ure. The wuniversity
of which 5 ha are ponds. There are 47 fishds of various sizes, ranging from 108tmn0.2 ha in size. It
was designed to fulfill a number of roles:

1 To be a practical facility in suppoof fisheries students studying aquaculture;

1 To act as a demonstration unit to promote the potential of freshwater fish farming to commt
leaders, government officials, extension workers, and entrepreneurs (to be achieved throuc
practical training our ses, visits, “open days,” and

1 To serve as a Regional Centre of Excellence for research into appropriate aquaculture met

for the development and assessment of equipment, feeds, and husbandry practiceg includ
economic evaluations of production methods;

1 To function as a supplier of juvenile fish to farmers in the region in order to generate local r

and assist fish farming development;

1 To provide applied research opportunities for faculty members anithgiscientists.

Water Supply

Water supply to the ponds is from a 1.2 ha spfatgreservoir, with amunicipal supply providing
supplemental water as needed.

Soils

Soils are igneous in origin and underlain by tertiary volcanic rocks (phenolites) characterized by loy
natural fertility. The soils in thisegion are acidic with a pH rangé5.5- 6.4. They are red friable over
petroplinthite classified as rhodicferrsbls, averag80% in clay content, and have a high water holding
capacity. The area is afzterized by brown loamy samll structures are mostly granular, suggesting Ic
water seepage due to small soil pores.

Support Facilities

The experimental feedgill be tested for stability in water angroximate analysis at the University of
Nairobilocated in Nairobi, Kenya

Primary Affiliations

In-Country us

University of Eldoret Auburn University

Department of Fisheries and Aquatic Department ofAgricultural Economics and Rure
Sciences Sociology

Eldoret, Kenya Auburn, Alabama, US
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Current Contacts
In-Country

us

Dr. Charles C. Ngugi

Department of Fisheries and Aquatic Sciences
Chepkoilei Campus

P.O. Box 1125

Eldoret, Kenye30100

ccngugi@gmail.com
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Dr. Joseph Molnar

Department oAgricultural Economics and Rural
Sociology

301 Corner Hall

Auburn, Alabama 36849406 US

(1-334) 8445615 (PM) Office

Cell 3346632375

Fax:(:334) 8445639 Office

Email: molnajj@auburn.edu
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MWEA FISH FARM

AN

The Mwea Fish Farm in Kirinyaga County

General Location

Mwea Aquafish Farm is in Kirinyaga County, on the slopes of Mount Kenya. It is 110 km northe.
Nairobi on the Nairobi/Embu road and 1.5 km from Kimbimbi town and can be accessed throug!
the year through a good -alleather road.

DESCRIPTION OF AREA/REGION

This is amodel fish farm where Nile tilapi@feochromis niloticusand African catfishGlarias
gariepinug are raised in earthen liner ponds and concrete tanks. It began in August 2009 on 3.5
agricultural land. Initially, most pondseasuring 300 mwere constructed on sandy/loam/clay soil:
Climate

TropTropical wetanddry with distinct dry and rainy season

Temperature

The annual average maximum temperature is 28 °C with peaks in July, August, January and Fe
and with amverage annual minimum temperature of 15 °C.

Precipitation

The average annual rainfall at Mwea Experimental farm it is 890 mm (over 12 years).

Humidity

Humidity ranges from 90% in early morning to 40% in the afternoon. Monthly averages ofsfdeinc
humidity are 63% in October and 79% in July.

Seasonality

The warmest period occurs between February and April. There is a distinct cool season bewvee
and August, when rainfall is at a minimum. Even though there is little rain, the skies tend to be ¢
much of the day during this period. A rain
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and December. The “1 thraugh May, with a singléhanth peakfof 50Gmnvd
more in April.

Topography

1,050 m above sea level

Geology/Soils

The area, like most of the Mwea volcanic plain, is underlain by the Thiba olivine basalts (a fairly
uniform series of usually nonporphyritic, figgained gray basalts erupted from Mount Kenya), whi
are Pleistocene in age. Generally, the soils vary fieidish brown clays on ridges and upper slope
through very dark grayish brown clays on lower slopes to dark brown to very dark grayish browi
compact clays in depressions. Also found are stony and gravelly soils.

DESCRIPTION OF SITE

Map Coordinates Elevation

036. 7322S8437E 1,050 m

General Background

Mwea Aquafish Farm produces about 100,000 Nile tilapia fry per month (or 1.2 million annually)
level is maintained for three years, with the hope that production will increase to 200 million fry
produced annually after five years. To sustain thiglpetion, it is estimated that 200 females stocke
will each produce 200 eggs each per spawn. The farm also maintains 3,000 African catfish broc
high-quality breed. Survival is usually low and to sustain production at 100,000 per month, the f:
coninues to hold 3,000 brooders (2,000 males and 1,000 females).

The farm integrates livestock with fish and crops with fish. The farm grows quality bananas,
vegetables, and root crops alongside fish. Ponds serve as water storage structures and, @nseic
a key asset of water supply to crops. Waste accumulated in pond as sludge is pumped, when d
pond, into vegetable gardens to increase vegetable production. The farm operatelisalzamge
water policy and any water due for release is puntyaett into the farm to irrigate crops. The farm h
a classroom that can sit 4®0 students/farmers.

The hatchery has both Nile tilapia and catfish breeding units. It houses a conference room and .
laboratory. This is an excellent facility for reseaagidl quality seed production. Annexed to the
hatchery is a recirculating aquaculture facility, which runs on an®*8@ater holding tank feeding into
8 hexagonal rearing tanks, each holding 500 Nile tilapia, weighing about 150 g. The production
capacity ofeach tank, which hold a volume of 26,1s 1,000 kg tilapia in a year, or two cycles of 5(
kg per cycle.

Water Supply

There are three water sources that supply the farm. The primary water source is the Nyamindi,
tributary of the Sagana River.gecondary water source is water pumped from three large reservc
that were established next to a small stream that runs past the lower part of the farm. A third we
source is a Borehold that extends 85 meters into the ground that discharges watter @it @bout 20
m?® per hou; however, the farm is only pumping about ®fhwater per hour from this source.
Support Facilities

Students from the University of Nairobi, Moi University, and several other institutions conduct fie
studies aMwea

Primary Affiliations

In-Country us

University of Eldoret Auburn University

Department of Fisheries and Aquatic Department ofAgricultural Economics and
Sciences Eldoret, Kenya Rural Sociology

Auburn, Alabama, US
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Current Contacts

In-Country us

Dr. Charles C. Ngugi Dr. Joseph Molnar

Department of Fisheries and Aquatic Sciences Department of AgiculturdEconomics and
Chepkoilei Campus Rural Sociology

P.O. Box 1125 301 Corner Hall

Eldoret, Kenya 30100 Auburn, Alabama 36849406 US
ccngugi@gmail.com (1-334) 8445615 (PM) Office

Cell 3346632375
Fax:(1:334) 8445639 Office
Email: molnajj@auburn.edu
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