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EXECUTIVE SUMMARY

This report contains an overview of research dadelopmentctivities undertaken by the Water
Research Institute of the Council for Scientific and Industrial Research ih Pb& Water Research
Institute (WRI) is one of the 1Bistitutes of the Council for Scientific and Industrial Research (CSIR).
The overall goal of the CSIR WRI is to conduct research into all aspects of water resources (both living
and nonliving) in order to provide scientific and technical information and services as well as
strategies for the sustainable development, utilization and management of such resources for the socio
economic advancement of the country.

The 20T Annual Report consists of thré8) chapters namely Introduction, Administration, and
Research and Development Activities. The report has been compiled based on the research and
development activities, commercialization of research and development activities through consultancy
and advisry services, and administrative matters such as staff strength, appointments, promotions, as
well as national service recruitment during the yeai7201

The Institute undertooB4 research projects during the year. These incluGedntdown integrated
control strategies to eliminate Lymphatic Filariasis in Ghana which focusedddressing the
underlying causes that allow elephantiasis (neglected tropical disé8ER) to persist despite long
period of intervention|ndependence assessment of the qualityachet water sold in Accra which
aimed at assessing the current bacteriological quality of sachet water samples being sold on the street:
in selected suburbs of Accrayvelihood vulnerability, resilience and strategies of fishery households

in the chaging ecosystems of the Volta Basin in Ghana which seeks to examine livelihood
vulnerabilities, resilience and strategies of fishing households along the Volta Basin in Ghana;
Development and evaluation of Black Soldier Fly (BSF) larvae feed for sustafisbfarming in

Ghana which seeks to develop protach fish feed from BSF larvaélermitia illucens(L. 1758) for

use in fish farming; Aflatoxin in fish feed:
fish (Oreochromis niloticusin Ghara which seeks to determine the incidence of aflatoxin in farmed
fish feed and its impact on fish growth, health and nutritive védtfects of climate change on Volta

Lake resources which seeksdevelop future climate change scenarios for the Voltanbasluding

Lake Volta; Water infrastructure solutions from ecosystem services underpinning climate resilient
policies and programmes (WISHP to Climate) which seeks to increase adaptive capacity in the Volta
Basin through recognition and inclusion of ggstem services provided by natural infrastructure in
investment strategies for climate change adaptation and through optimization with built infrastructure
planning and developmentyater quality assessment of Sansu Community in Obuasi which seeks to
assass the environmental quality of the Sansu community to establish whether or not the activities of
AngloGold Ashanti Ghana Limited (AGA) were impacting negatively on the environment of Sansu
and its inhabitants; an8aseline prevalence of Schistosomiasisl @n description of expanded
community wide access to Praziquantel and Albendazole in th&dith Municipality of Ghana
which seeks todemonstrate that praziquantel (PZQ) and albendazole (ALB) treatment can be
communitywide and sustainable

Scientists ofthe Institute in collaboration with scholars worldwide authored a total of 28 Journal
papers, 5 book chapters, 7 conference papers, 26 consultancy reports, 14 technical reports and 1 thesi:

CSIR Water Research Institute
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1.0 INTRODUCTION

1.1  Establishment

TheCouncil for Scientift and Industrial Researdiater Research Institut€ §IR-WRI) is one of the
thirteen (3) Researchnstitutes of the CSIR. It is jpublic Institution established in 1996 from the
merger of the former Institute of Aquatic Biology (IAB) and the Water RessuResearch Institute
(WRRI), both of the CSIR, which were established in 1965 and 1982, respectively.

1.2  Vision
To become a centre of excellence in the provision of scientific research into water and related resources
for sustainable socieconomic growh

1.3  Mission

To conduct research into all aspects of water resources (both living aifiinghin order to provide
scientific and technical information and services as well as strategies for the sustainable development,
utilization and management sfich resources for the so@oonomic advancement of the country

1.4  Values
Our core values include dedication to duty, commitment, loyalty to quality assurance and customer
satisfaction

1.5 Key Objectives
The key objectives of the Institute are:

1 To generate, develop and transfer appropriate technologies, information and services for

sustainable development, utilization and management of surface water resources;

1 To generate, process and disseminate information on the availability of groundatetand
volumes to be abstracted for various uses as well as the reliability and sustainability of its
recharge;

To generate, process and disseminate water and waste water quality information to end users;

To enhance public health status through sound@mwiental management and water pollution

control strategies;

1 To increase local fish production through participatory research and technology transfer in
aguaculture and sustainable management strategies in inland and coastal waters of Ghana; anc

1 To undertke commercialisation of research and development activities through consultancy
and advisory services and the provision of water resources information, documentation and
technical support services.

= =4

1.6  Divisions
The mandate of the Institute is realizedotigh the research and development activities of five (5)
Technical Divisions and three (3) Nagchnical Divisions.
The Technical Divisions are:
1 Environmental Biology and Health
1 Environmental Chemistry and Sanitation Engineering
1 Fishery and Aquaculture
1 Groundwater
1 Surface Water
The NonTechnical Divisions are:
1 Administration
1 Commercialization

CSIR Water Research Institute
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 Finance

1.6.1 Environmental Biology and Health Division

The madateof the Environmental Biology and Health Division is to enhance public health status of
Ghanaians through sound environmental management, water pollution control stradedies,
preventiveand control strategies for watkorne and other infectious diseas@&se Division has
expertise in the areas of microbiology, parasitology, entomology, aquatic flora and fauna, molecular
biology and public health.

Activities of the Division include:
1 Water quality monitoring through microbial, algal and maoneertebrateanalyses;
1 Microbiological analysesf drinking water, waste watand other samples;
1 Identification and management of invasive plants in Ghana;
1 Isolation and production of entomopathogenic bacteria used in biological control of disease
vectors;
Environmenial impact assessment and watershed management;
Research into wataelated/borne parasitic diseases and other infectious diseases;
Research into wateelated vectors of diseases of public health importance to develop
innovative strategies for control apcevention;
1 Molecular epidemiology studies and understanding the mechanism and genetics of drug
resistance and the development of DNA based diagnostic tools;
1 Consultancy in the establishment of science and medical laboratories; and
1 Training of scientistdechnologists and students.

= =4 =4

1.6.2 Environmental Chemistry and Sanitation Engineering Division
The mandateof the Environmental Chemistry and Sanitation Engineering Division ggetherate
process and disseminate water and wastewater quality informatemdtisers. Specific objectives
are to:
1 perform quality and quantity assessments of industrial, agricultural and domestic discharges in
both urban and rural areas and identify their impact on aquatic ecosystems;
1 collect, process and disseminatamprehensive high quality and reliable environmental data
on surface and groundwater with regard to their chemical constituents; and
1 monitor pollution in coastal waters and lagoons in Ghana.

Currently, the major research programmes of the Division are:
1 Water quality monitoring;
1 Industrial wastewater studies;
1 Environmental impact studies; and
1 Development of strategies for water pollution control.

1.6.3 Fishery and Aquaculture Division

The mandate of the Fishery and Aquaculture Division is to generatatifsicienformation, the
application of whi ch would enhance sustainab:
fisheries and aquaculture resources. The DivVvi:
livelihoods through increasing yieldrom existing fisheries and development of sustainable
aquaculture and cultwigased fisheries practices.

CSIR Water Research Institute
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Currently, the Divisiond6s major research and
environmental impact assessment and monitoringsbf fopulations in relation to soeeconomic
development activities, fisheries enhancement and ctiased fisheries.

1.6.4 Groundwater Division

The mandateof the Groundwater Division is tgeneratgrocess and disseminate information on the
availabilty of groundwater, quantity of water to be abstracted for various uses as well as the reliability
and sustainability of its recharge.

Currently, the Division enducts research into groundwater resources of Ghana, provides scientific
information on groudwater resources to governmental and-gowernmental agencies and the
general publicundertakegroundwater monitoring and assessment studies as well as groundwater
database management

The Division therefore provides technical services on groundvdaezlopment issues relating to
geophysical investigation for borehole siting, borehole drilling supervision, pumping test, pump
mechanization, pump repairs (submersible/Ramohps), geophysical borehole logging (Geo
logger/sondes), installation of treatnhgrants on boreholes (reverse osmosis, filters, iron removal
etc.), provision of hydrgeological information, and production of hyeyeological mapsand
geotechnical servicesLocal and foreign students are also offered training on groundwater
developmet.

1.6.5 Surface Water Division
The mandateof the Surface Water Division is to generate, develop and transfer appropriate
technologies, information and services for sustainable development, utilization and management of
surface water resources for seeiconomic development.
The specific objectiveinclude:
1 assessment of surface water resources of the country foresmmomic development;
1 assessment of sediment transport by streams/rivers and discharges into reservoirs for planning
and management of water resources;
1 development and adaptationagpropriate technologies and water conservation techniques for
water supply to households, communities, farms and industries; and
1 assessment of climate change effects and adaptation strategies.

1.7 Branches

1 Main office in Accra

1 Branch office at Tamalanithe Northern Region

1 Aquaculture Research and Development Centre (ARDESk@ombo in the Eastern Region

The location of branches of CSNRater Research Institute in different parts of the country is shown
in Figure 1.1.

10
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An overview of the major activities of the Institute during the yeai720herein presented. We shall

be grateful to receive comments and suggestions on any aspects of our activities or report. dthe conta
addresses are:

The Director, The Director,
CSIR Water Research Institute, or CSIR Water Research Institute,
P. O. Box AH 38, P. O. Box M 32,
AchimotaGhana AccraGhana

Telephone (233302) 775352, 779514, 779515

Fax : (233302) 777170761031

E-mail : info@csirwater.com wricidss@yahoo.com

Website : Www.cSiFwater.com

12
CSIR Water Research Institute
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2.0 ADMINISTRATION

The Administration Division provided services and suppost#df, the Divisions and Outstations of

the Institute to ensure effective and efficient work environment required for the achievement of the
objectives of the Institute. The Division also implemented policies, regulations and rules of the Council
and decions taken at Management meetings to improve upon staff performance.

2.1 Management

There was no Management Board in place during the 2017 calendar year. However, policies,
regulations and rules of the Courad well aglecisions taken at the Interldanagement Committee

(IMC) meetingwere implementedviembership of the IMC is given in Appendix I.

2.2  Staff Strength

Staff strength at the end of the year 2017 stood at 211c®hprisedb1l Senior Members, 97 Senior
Staff, 63 Junior Staffand 28 Contict Staff The list of Senior Members and Senior Staff and staff
distribution are presented in Appendix Il.

2.3  Statistics on Human Resource Activities
The number of appointment, secondment, promotion/upgrading, ledtbheut pay transfer,
retirementtermination of appointment, resignation and death are shown in Appendix Ill.

2.4  Human Resources Development

Staff members were given the opportunity to acquire the necessary skills and knowledge through local
and international training for the enhancemairtheir performance in the Institute and in conformity

with the policy of CSIR to provide relevant training for staff. The statistics are presertpgendix

V.

Shortterm training programmes attended by some staff of the Institute were:

1 African Women in Agricultural Research and Development (AWARD) Leadership
Programme for Agricultural Research and Development Training Course, Ac&ha,N2d@rch
2017

1 short course on Statistical Applications in Modern Research (RWESCK), Kumasy, 13
February, 201t Kumasi

T Regi onal Training Cour se on AThe Rol e of
Management 0, RallHovembesadio cco, 20

1 Water infrastructure tradeffs: Enhancing capacity for dialogue and water use decisions,
Tamale, 2628 July 2017

2.5 Participation in Scientific Meetings
A number of research and technical staff participated in workshops, seminars and conferences held at
the national, regional and international levels during the year. Among them were:
1 Two-Day Workshop on th&trategic Environmental Assessment on the Development of the
Oti River Basin IWRM Plan, Yendi, 289 November 2017
1 Water resource system simulating and visualization workshop, Koforide28 S@ptember
2017
f Output wvalidation wor Kpdateqgl Nationad lemplementagon Bldhe v i
of Stockholm Conventi of4Mach, POPs Projecto, .
1 4th WASH (Water Supply, Sanitation, and Hygiene) meeting, AcegaMarch, 2017

13
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1 Joint inception meeting of the Minamata initial assessment and tloaaladction plan for the
artisanal smalscale gold mining sector for the implementation of the Minamata Convention
on Mercury in Ghana, Accra, 2& January, 2017

1 CSIR Research Staff Association (RSA) Southern Sector General Meeting, Accra, 31 May
2017

1 Sdentific Renaissance Day of Africa, Accra, 30 June 2017

1 Seminar on Innovative Techniques in Analytical Solutions, Accra, 13 November 2017

1 CSIR Research Staff Association Annual General Meeting 2017, Kas@a, Qdtober 2017

! 17" International Conference the Pacific Basin Consortium, New Delhi,-18 November,
2017

1 Satellite Ewaste workshop, New Delhi, 17 November, 2017

1 Global Challenges Research Fund (GCRF) project meeting, Lancasi& Na/ember, 2017

T Stakehol der 6s f or umuofjyaman BistrethAkdsanban2l Marchj2017t h e

1 DANIDA BSU seminar, Accra, 6 April, 2017

1 Guideline Policy for Fisheries @Gmanagement in Ghana, Sustainable Fisheries Management
Project, Accra, 31 August, 2017

1 World Aquaculture Society Conference, South Affi2&30 June, 2017

§ 30" Biennial Conference of the Ghana Science Association, Koforidtis, 22" July, 2017

1 VOLTRES Final Project Workshop, Accra, 12 September, 2017

1 Marine Coastal Fisheries Management Conference, Accia7 Zeptember, 2017

1 Subregianal training workshop on enhancing skills of water professionals in the assessment,
monitoring and management of water quality in Agenda 2030 in SDGs, UNIRSZIGBM,
Accra, 34 October 2017

1 Tilapia Technical Information day, MSD Animal Health, Akosom®duly, 2017

1 Agquaculture stakeholders Learning Forum, Takoradi, 27 June, 2017

1 National Fish Farmers Seminar, Akosombo, 24 May, 2017

1 Fisheries Sulsector Working Group Stakeholders Meeting on Strategic Plan for Agricultural

and Rural Statistics of Ghana @RS_GHA) 2017 2026, Fisheries Commission, Accra
1 National Expert Committee on Biological Weapons, Ghana National Commission on Small
Arms and Light Weapons Meeting, Akosombo, August1732017
Ghana National Workshop on the Achievement of Wedkated SDGs, Accra, February, 2017
Symposium on World Ocean Day, Accra, 8 June, 2017
39 National Steering Committee Meeting on ECOWAS Coastal and Marine THEMA
Monitoring for Environmental and Security in Africa (MESA) (Ghana NFP), Accra, 13 June,
2017
1 General Meeting of the Ghana National Committee of Intergovernmental Oceanographic
Commisson (GNGIOC), Accra, 27 June, 2017
1 Meeting of the Ghana National Commission for UNESCO (GNC for UNESCO), Accra, 26
July, 2017
World Aquaculture Society Conference, Capetown, South Afric&28une 2017
Commonwealth Science Conference 2017, Singapofg61Rine 2017

Workshop on Business and Extension Models for Sustainable Aquaculture Development,
Accra, 2425 July 2017

Workshop on Animal feeds and Aquatic Animal Seeds, Accr&88uly 2017

United Nations Food and Agriculture Organisation Advisory Paeeting on the use of
biotechnology in agriculture, Addis Ababa, Ethiopiad Bugust 2017

1 FAO Regional Meeting on Agricultural Biotechnologies in Sustainable Food Systems and
Nutrition in SubSaharan Africa, Addis Ababa, Ethiopia,-22 November, 2017
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West Africa Regional Fisheries Programme Technical Committee Meeting, Larteh Akwapim,
26-28 April 2017

West Africa Regional Fisheries Programme Technical Committee Wrap up meeting, Accra, 10
October 2017

West Africa Regional Fisheries Programme Technicah@dtee emergency meeting, Accra,

20 December 2017

Strategic Environmental Assessment (SEA) on opening up the Onshore Voltain Basin for Oll
and Gas ExploratioNational Workshon Key Issues Integration Register Matrix, Accra, 11
April, 2017

Water Africaand West Africa Building & Construction 2017, Accra; 18 June, 2017

Town Hall Meeting on the Impact of Galamsey Activities on the Environment, Manso
Nkwanta, 30 June, 2017

Public Lectureon Katharos Technology, Accra, 8 August, 2017

National Workshopn the Framework for Human Resources Capacity Development in the
Water Resources, Water Supply and Environmental Sanitation Sector in Ghana, Accra,12
September, 2017

7" Biennial Conferencef the CSIR Senior Staff Association, Tamale, 5 October, 2017

Natioral Inception Workshopo n t he project APromoting a
Management of Wetland Resources for Better Ecosystem Services and Resilient Livelihoods
of Keta and Ada Coastal Communities, Ada, 13 September, 2017

Town Hall Meetingon the Impact bGalamsey Activities on the Environment, Dunkoa

Ofin, 28 July, 2017

Town Hall Meetingon the Impact of Galamsey Activities on the Environment, Wassa
Akropong, 29 September, 2017

Town Hall Meetingon the Impact of Galamsey Activities on the Environment, Kenyasi, 27
October, 2017

Town Hall Meetingon the Impact of Galamsey Activities on the Environment, Bole, 30
November, 2017

UNDPNat i onal ANKI TAHODI EfA rPtoil si actypealdMizeng deggfunea | |
Regi me in Ghana: Policy Options for Addr es:
2017

Il nternational Pane Discussion and Book Lai
Attainment of SDGs in Ghanao, Accra, 20 Se|
WISE-UP toClimate Project: Fifth Action Learning meeting¥/olta Basin, Accra, 3} April

2017

WISE-UP to Climate Project: Sixth Action Learning meetirig¥olta Basin, Accra, 280
November 2017

WISEEUP t o Cl i mate Project: St &dbmdry20lder s me e
WISEEUP t o Cl i mate Project: Stakehol dersodé mee
WISE-UP to Climate Project: Project planning meeting I, Londor22@ebruary 2017

WISE-UP to Climate Project: Project planning meeting Il, Londei,Jily 2017

World Water Week 2017: water and wasteeduce and reuse, Stockholm, Sweden326

August 2017

COP23/UNFCCC climate change conference, Bonn, Germahy,November 2017

WISE-UP to Climate Project: Six Action Learning meetifigSANA Basin, Nairobi, Kenya
23-24November 2017

VOLTRES: Advisory Board and stakeho-llzZder so

September 2017
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2.6

CSIRWRI internal seminars on Research and Development, Accih{ March 2017
CSIRIWMI joint seminar: Agricultural Water Management fott&inment of SDGs in Ghana,
Accra, 20 September 2017

Membership of Committees and Boards

Staff continued to serve on various committees and boards such as:

= =4 -8 -8 _9_95_°5_2

= =A2-0_0_9_9_95_42_-29_29_-2_-2°_-2°_-2._--2-

National Planning Committee on World Environmental Day 2017 Celebration
Ghana Science Assoadiaih

CSIRResearch Staff Association

Ghana Chemical Society

Ghana Forum for Agricultural Advisory Services and support (GFAASS)
Ghana National Committee of Intergovernmental Oceanographic Commissionr|(BC
Advisory Panel of the United Nations Food a@yticulture Organisation

African Union Aquaculture Development working group of the African Fisheries Reform
Mechanism

Fisheries Advisory Committee of the Bui Power Authority

Natural Resources Committee of the Ghana Environmental Protection Agency
World Aquaculture Society Honors and Awards Committee

MESTI Technical Experts SuBommittee of the MLNR Ad Hoc Committee
CSIRWRI Estate Committee

CSIRWRI Editorial Committee

CSIRWRI Internal Review Committee

CSIRWRI Internally Generated Funds (IGF) Committee

CSIRWRI Transport Committee

CSIRWRI Disciplinary Committee

CSIRWRI ARDEC Annual Publication and brochure committee

CSIRWRI Training Committee

CSIRWRI Internal Management Committee

CSIRWRI Staff Welfare Management Committee

CSIR Superannuation Managent Committee
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2.7 Employee Relations
2.7.1 Long Service Recognition

The 2017 Long Service Awards took place on FriddyR2guary, 2018. Some staff honoured for their
contributions to the Institute are shown in Table 2.1.

Table 2.1: Long ServiceRecognition in 2017

No. Name(s) Years Served
1 Prof. Osmund D. AnséAsare 26
2 Mr. Thomas K. F. Adom 16
3 Mrs. Victoria Afutu-Vanderpuye 32
4 Mad. Mary Magdalene Quaye 34
5 Mr. John H. Baffoe 38
6 Mr. Jonas Asamoah 31
7 Mr. Samuel Afari 21
8 Mr. SanusiAbubakari 32
9 Mr. Stephen Teye 7
10 Mr. Richard Kumi 15
11 Mr. Abraham Tetteh 18

2.8 National Service and Industrial Attachment

The Institute supported tertiary institutions towards training of students as part of its corporate social
responsibility and national capacity building activities. The duration of the training programs were
eleven (11) months for national service and leetvfour (4) to twelve (12) weeks for industrial
attachment. The details are presented in Appendix V.

2.9 Industrial Visits
The underlistedndividuals andoeoplefrom variousinstitutionsand organizatiofiTable 2.2)visited
theInstitute during the ye2017.

Table 2.2: Visitors to the Institute in 2016

No. | Name/Institution Date of Visit
1 University of Lagos, Akoka LagdsNigeria 24" January, 2017
> Biological Science Students Association of Ghanblniversity for Developmen 234 & 27" January, 2017

Students
Minister for Environment, Science, Technology & InnovatiorProf. Kwabena

3 : 22" February, 2017
Frimpong Boateng

4 Kwame Nkrumah University of Science & Technologg WESCK 2" June, 2017

5 Crown Prince Academy Limited 30" June, 2017

6 Mr. Lahoucine Bengara Xylem Water Solutions 1207 17" June, 2017

7 CSIR Procurement Team (Modernizing Agriculture in GREIRG ) 224 August, 2017

8 Madonna Seat of WisdoinNew Ashongman, Ghana 26" October, 2017

210 Staff Publications

Staff produced several journal and conference papers, technical astdahmical reportsluring the
reporting year. Most of these reports/papers havedegositecat t he I nstituteos
materials. The details are given in Appendix VI.

2.11 Internal Seminars 2017
Internal seminars were organized during the reporting year to provide fora for participants to discuss
and also bring into the public domain current research activities of the Institute. Presentations on

17
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various research topics beiaddressed by the Institute were made (Table 2.3). Scientists from allied
institutions stakeholderand the mass media attended.

Table 2.3: Internal ssminar presentations during 20¥

Date Presenters/Speakers Topics
Dr. Barnaba#\. Amisigo Overview of research and development activities at the Surfac
Water Division
Dr. Barnabas A. Amisigo Water allocation modeling for Climate Change adaptation in th
Volta Basin of Ghana
Dr Esther Wahaga Water storage and management for livelihood support in North
Ghanaunder the one village one dam project
13" March Mr. Frederick Yaw Logah Improving irrigation efficiency through the use of ICT tools
2017 Dr. Emmanuel Obeng Beko¢ Development of a criteria tselect mini hydro technology and to
conduct prefeasibility studies for a selected site in Ghana
Dr. Emmanuel Obuobie Baseline valuation of ecosystem services based activities
underpinning the livelihoods of the Pwalugu communities
Northern Ghana
Ing Dr Frederick Amu Rainwater harvesting for livelihood support
Mensah
DR. Anthony A. Duah Overview of research and development activities at the
14" March Groundwater Division
2017 Dr. William A. Agyekum Building understanding of climate variability into planning of
Mr. Collins Okrah groundwater supplies from low storage aquifers in Africa
Mr. Evans Manu Delineating potential areas of groundwater development for-m
purpose use in the Upper West Region of Ghana
14" March Mr. Patrick Amankwah Delineation of zones of sustainable sources of groundwater su
2017 Mainoo in different geological settings in Ghana
Dr. Isaac O. A. Hodgson Overview of research and development activities of the
Environmental Chemistry ar8anitation Engineering Division
Mrs. Marian AmuMensah Causes of red lip discoloration: Volta Lake, Ghana
Dr. Kwadwo Ansong Asante| Trace elements contamination and Arsenic speciation in urine
Agbogbloshie evaste workers
Mr. Michael Kumi Environmental impact of cage fish culture in small reservoirs: 1
case of water quality in Busa and Sing community reservoirs ir
Upper West Region of Ghana
15" March Dr. Anthony Yaw Karikari Nutrient discharges from Nile tilapi®¢eochromis niloticuscage
2017 farms into Lake Volta, Ghana
Mr. Samuel Obiri Principal component analysis of groundwater quality data
underlying geochemical processes of Dahomeyan formation a
Togo series in the Ho Municipality (Ghana)
Dr. Collins Tay Hydrogeochemical framework and facanalysis of fluoride
contamination in groundwater within the Saveldganton Dstrict,
Northern Ghana
Mr. William Ekow Arko Assessment of groundwater in the Adenta Municipality
Mr. Humphrey Darko A comparative study of the physiohemical wateguality of the
Weija and Volta (Asikuma) Lakes
Mr. Mike Dorleku An appraisal of Mercury (Hg) and Aluminium (Al) levels in
treated drinking water supply in mining areas in Ghana: The cg
of Daboase and its environs
Dr Mike Yaw Osei Overview of research and development activities of the
Atweneboana Environmental Biology and Health Division
Dr. E. D. O. Ansa Performance assessment of a natural wastewater treatment sy
and its impact on receiving waters
Mrs. Regina Ama Banu Independent assessment of the quality of sachet water sold in
16" March Accra
2017 Mr. Mark Osa Akrong An overview of the seaweed biorefinery project in Ghana
(SEABIOGHA)
Dr. Samuel Armoo Studies on the abundance and molecular genetdftifachiain
Onchocerca volvulus the causative agent of river blindness

CSIR Water Research Institute
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Dr. George T. Mensah Parasitic load of cattle dung from selected farms at Kpong and
health implications
Dr. Francis Amevenku Overview of research and developmeativities of the Fishery
and Aquaculture Division
Dr. Ruby Asmah Climate change, water quality and fisheries of Lake Volta
Mr. Etornyo Agbeko Effects of vitamin supplement (oligovit) on survival and growth
Nile tilapia fry (Oreochromis niloticusunder monesex
production
Mr. Emmanuel T. D. Mensal Effects of seasonal environmental changes on cage fish produ
17" March on Lake Volta
2017 Dr. Francis A. Anani Growth performance and cestfectiveness of ARDE@nade and

two commercial tilapia starter dietsNile tilapia (Greochromis
niloticus|.) fingerling production

Dr. Francis K. Y. Amevenku| Livelihood vulnerabilities, resilience and strategies of fishing
households in the Volta Basin, Ghana

Dr. Theodore Quarcoopome Post impoundment assessment of Baservoir fish stock

Dr. Seth Koranteng Development, packaging and utilization of black soldier fly (BS
Agyakwah larval meal for fish farming in Ghana

Mr. Solomon Amoah Pollution and ecological studies of the Densu Delta in Ghana
Owiredu

2.12 CONSULTANCY AND OTHER SERVICES

2.12.1 Consultancy and Advisory Services

The Institute carried out a number of consultancy and advisory services for various donor agencies,

corporate bodies, governmental and 4gowernmental organizations, universitieslgolytechnics,

public and private sector institutions as well as individuals. The significant ones included:
1 Surface water ecological studies/monitorf@jent: Newmont Golden Ridge Limited, Akyem)

Ecological study of the Water Storage Dam (Clié&ldwmont Golden Ridge Limited)

Apensu Lake profile water quality assessment (Client: Newmont Ghana Gold Limited)

Ahafo mine baseline ecological study of water bodies (Client: Newmont Ghana Gold Limited)

Reverse osmosis wastewater treatment plant dischaogéoring (Client: Newmont Ghana

Gold Limited).

Bui Reservoir Fisheries and Water Quality (Client: Bui Power Authority)

Zonation of Lake Volta (Client: Fisheries Commission through the West Africa Regional

Fisheries Programme)

Treatment and monitoring @fater quality (Client: Bank of Ghana)

Provision of mechanized borehole with water treatment facilities (Client: SSNIT)

Physicechemical and bacteriological quality assessment of boreholes and tap water (Client:

Oyibi Area Water and Sanitation Developmeiail)

Final effluent quality assessment (Client: Pioneer Food Cannery Limited)

Final effluent quality assessment (Client: GIHOC Pharmaceuticals)

Potable water quality assessment (Client: Pioneer Food Cannery Limited)

Hydrogeological studies (Client: Theasnational Academic Group Ghana Limited)

Feasibility studies to assess the reported cases of drying up and salinization of wells (Client:

Ketu South Municipal Assembly)

1 Provision of research input on the destruction of Water Bodies and the Environniésgdly
Small-Scale Mining (ClientMedia Coalition Against Galamsey)

1 Geophysical investigations to select site for a borehole drilling and supervision (Client: State
Housing Company)

1 Rehabilitation of Boreholes (Client: CR®/ANG)

1
1
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1 Impact of Salt Productiofrom Ground Water Abstractioon the surrounding Communities
(Client: Seven Seas Salt Limited)

1 Water quality management of storage systems (Client: British High Commission)

1 Ecological management of water resources (Clidatvmont Ghana Gold Ljd

2.12.2 Training Services
The Institute, through the Technical Divisions, individual research and technical staff, offered training
in various forms to individuals, groups, ngovernmental organizations and students of the
Universities andlechnical Universities
. Among them were:
1 Supervision of PhD students of Climate Change and Water Resources, University of Abomey
Cavali Benin
1 Supervision of MSc student at the Civil Engineering Department, Kwame Nkrumah University
of Science ath Technology, Kumasi
Fish farming training for Cameroonian fish farmer (FAO Sponsored)
Training of Tilapia Fingerling Producers (Ministry of Fisheries and Aquaculture
Development/WARFP Sponsored Training Program)
1 Training of Catfish Fingerling Producers iNstry of Fisheries and Aquaculture
Development/WARFP Sponsored Training Program)
1 Training for Tilapia; (Oreochromis niloticus and Catfish(Clarias gariepinys Hatchery
Operators (Fisheries Commission, Ministry of Fisheries and Aquaculture Develdpment

1
1
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SENIOR MEMBERS
s .

OF THE CSIR-WATER RESEARCH INSTITUTE (CSIR-WRI)

-

A

Prof. Osmund D. AnsAsare
(Chief Research Scientist/
Director)

Dr. Kwabena KankanyYeboah
(Chief Research Scientist/
Deputy Director)

Dr. Isaac O. A. Hodgson
(Chief Research Scientistlead
of Environmental Chemistry
and Sanitation Engineering

si 8

Division)

Dr. Mike Yaw Oset
Atweneboana
(Principal Research Scientfist
Head ofEnvironmental Biology,

Dr. Barnabas A. Amisigo
(SeniorResearch Scientist/
Head of Surface Water

Division)

Dr. Anthony A. Duah
(Senior Research Scientist/
Head of Groundwater Division

and Health Divisioh

Dr. Francis Amevenku
(Senior Research Scientist/
Head of Fishery and

Aquaculture Division)

oM

Mr. David Ebo Ampah
(Administrator/ Head of
Administration Division)

Mr. Thomas K. F. Adom
(Marketing Officer/ Head of
Commercialzation Division)
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Mrs. Charity Offei Mensah Dr. Felix Akpabey Dr. Seth K. Agyakwah
(SeniorResearch Scientist/ (Research Scientist/

OIC-ARDEC)

(PrincipalAccountant/ Head of
OIC-Tamale)

Finance Division)

: )
of 4 i A ,:..-: 3 %
Mr. Mark Osa Akrong Mrs. Regina Banu Ms. Victoria AfutuVanderpuye
(SeniorResearch Scientist) (Research Scientist) (Research Scientist)
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Mr. Gerard Quarcoo Dr. George T. Mensah Dr. Kwadwo A. Asante
(Researclscientist) (Research Scientist) (PrincipalResearch Scientist)
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Dr. Anthony Y. Karikari
(PrincipalResearch Scientist)

%
Dr. Collins Tay
(PrincipalResearch

Ms. Saada Mohammed
(Research Scientist)

Scientist)

Mr. Humphrey F. Darko

Mr. Mlchael Kum|
(Research Scientist)

Dr. Glorla Naa Dzama AddICO
(SeniorResearch Scientist)

(SeniorResearch Scientist)

Dr. Ruby Asmah
(Senior Research Scientist)

Mr. Theodore Quarcoopom
(Senior Researc8cientist)

Mrs. Cla Bentum
(Administrative Office)

Mr, Etornyo Agbeko
(Research Scientist)

Dr. Francis A. Anani
(Research Scientist)

Mr. Solomon A. Owiredu
(Research Scientist)
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Mr. Emmanuel Tettelboku Mensah
(Research Scientist)

Dr. William A. Agyekum
(Principal Research

o

i
‘ —£ '/\.\v
3 = 1 -

Mr. Evans Manu
(Research Scientist)

Scientist)

S RA/

Mr. Patrick A. Mainoo
(Research Scientist)

Mr. Collins Okra_
(SeniorResearch Scientist

Mr. Carl OforrAgyeman
(Research Scientist)
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Dr. FrederickAmu-Mensah

Dr. Erhménljél Obuobie
(Senior Research Scientist

Dr. Emmanuel O. Bekoe
(Senior Research Scientist)

(Senior Research Scientist)

Mr. Fred Logah
(Senior Research Scientist)

Mrs. Debora O. Darko

(Research Scientist)

Mr. Benson Kwabena Owusu
(ScientificSecretary
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Mr. OsetMensah Kwame
(Accountant)

Mrs. Marian A. Jiagge
(SeniorLibrarian)

Mr. William Ekow Arko
|(Research Scientist)

Dr. Esther Wahaga
(Research Scientist)

o 7 :
Mrs. Marian AmuMensa
Research Scientist

Mr. EdWardJenner Tettevi
(Research Scientist)

Dr. Franklin Obiri- Nyarko

Dr Samuel Armoo

Mrs. Zita Naangmenyele
Abuntori

Research Scientist

Research Scientist

Research Scientist
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3.0 RESEARCH AND DEVELOPMENT ACTIVITIES

3.1 FOOD SECURITY AND POVERTY REDUCTION
3. 1.1 FISHERIES AND AQUACULTURE

3.1.1.1Breeding and Selection of O. niloticus (Akosombo strain) forFaster Growth
(Project Staff: Dr Seth Koranteng Agyakwah Principal Investigator, Mrs Lily Ofori Boateng, Godfred
Yeboah, Joyce Kplorla Kusorgbor)
The study wagonmductedn-station(ARDEC) to producen F1 generation of the Akosombo line
using single pair mating in hapas; estimate genetic gain and response to selectiomn ipether&tion
of the Akosombo line; and continue the dissemination process of the improved Akosombo strain using
small and largescale farmer multipliers. It was a collaboratidietween CSIRVRI, the Ministry of
Fisheries and Aquaculture Development (Ghana) and WorldFish (Malaysia).

During the reporting period,10 selected families of Generation 11 breeders (parents of generation
12) and 56 families of control line were singlaired in 1M hapa enclosures mountedar2,000n%
pondin the first quarter of the reporting yedmwo hundred 200 each of progenies of Gen 11 were
harvested and nursed in small unit hapas, mountagimilar pond and growpond 6 until attainment

of an average weight of 6g. Progenies were then tagged using PITEahgsy (80) individuals per
family were tagged and their initial fisdentities (FDs) and biodata (body depth, standard length,
totd length, age and body weight) recorded between August and Sept2@ifeafter which fish

were communally stocked in 2,000ponds in two replicates (ponds 5 and 6). In all a total of 5,440
individuals from selected lines and 2,240 individuals from abtittes were communally stocked in
the two ponds, with additional 4,320 fAunsel ec
to attain stocking density of 6,000 fishes per porid)e experimental fishesase fed daily at 8% to

10 % biomass ithree rations. Test fish will be due for harvesting in early February 2018, after 120
days of communal culture.

Al 't hough some field and | aboratory materi al s,
WARFP funded project through the Fisheries Comimisef Ghana, major constraint to this work has

been the lack of continued national and/or donor funding, which occasionally stalls the breeding
activities. The limited funding also made it impossible to conduct some critical assessments, including
molecubr characterization of the developed generations. The breeding program is a capital and labour
intensive activity, and considering the national responsibility laid on the -@8RIto develop
improved broodstocks for fish farming, adequate and regularrfgnalill sustain the efforts of the
CSIR-WRI to continue the breeding program.

Breeding was generally successful during the breeding seBsas.more than 55% of both families

A and B for the selected line generated progenies from the preféreedi 2 choices of males and
females. The minimum and maximum spawn sizes were observed to be 50 and 1,170 fry, respectively.
The mean spawn size per femal@omiloticusin singlepaired breeding was estimated to be between
376.24ramsz 59.84gramsand475.83ramst 83.8frams Performance of progeny production of
generation 11 breeders of AAkosombod strain, [
the Nile TilapiaGeneticlmprovementProgram at the CSIRVRI ARDEC, Akosombo, have been
summaized in Table3.1.1.
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Table 3.1.1: Progeny production output of Generation 11 bree
strain of O. niloticus

Parameter Selected Line Control Line

Family A Family B Family A Family B
Total No. of families 55 55 28 28
No. of families spawned 38 31 17 6
No. of families unspawn 17 24 11 22
% of spawning families 69.09 56.36 60.71 21.43
% of unspawned families 30.91 43.64 39.29 78.57
% of male choices spawned
1st 63.16 70.97 29.41 16.67
2nd 18.42 22.58 29.41 50
3rd 13.16 0.00 41.18 33.33
4th 5.26 6.45 0 0
% of female choices spawned
1st 55.26 51.61 29.41 16.67
2nd 42.11 48.39 29.41 50
3rd 2.63 0 11.76 16.67
4th 0 0 29.41 16.67
Minimum progeny size/female 56 67 50 200
Maximum progenysize/female 1170 837 836 807
Average progeny size/female 393.66 389.03 376.24 475.83
Standard error (average progeny
size/female) 38.90 29.55 59.84 83.87

Moreover,10,395broodstocks were distributed to various hatcheries in the reporting year. Of the total
guantity, onethird, representing about 3,462 were males, whereas about 6,933 were females. Hatchery
operators numbering 54 were given training in various aspectsloffdrming, including tilapia
hatchery operation using AiKliasganmeprmu® strain an.

3.1.1.2Evaluation of Tilapia Grower Diets of aFarm-Made, aCommercial and their 1:1 Mixtu re

for Nile Tilapia (Oreochromisniloticus L.)
(Project Staff: Dr Francis A. Ananii Principal Investigator, Mr Etornyo Agbekand Mr. Bernard K. Akpakli)

An increasing number of smatale pond fish farmers in Ghana produce and userfeade fish diets

due to the inability to afford the costs of commercial types. Whilst some farmers alternate the use of
the former with the latter, others mix the two types in equal proportions to feed culturethish.
major challenge facing smadkcale pond fish farmers in the edry is the ability to formulate and
prepare nutritionally balanced and ceffietive farmmade fish diets using locally available feed
ingredientsThis has resulted ia numbeiof these farmers feeding cultured fish with highly deficient
nutrient feedsricluding raw agrendustrial by productdn an effort to reduce cost of fish production,
some smaibkcale pond fish farmers alternate the use of commercial fish diets withnrfad®a ones
whilst others, in their attempt to improve upon the quality efasm made fish feed, mix it with an
equal amount of commercial fish diet to feed cultured. f&imer farmers depend on the famade

type alone. Ira number otases, the prepared fammade feeds were nehhanced wth supplements
such as essential aminoi@s; vitamins and minerals. It was against this background that the study
was conducted to determine the:
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I.  growth performance of Nile tilapi@bfeochromis niloticusfed withtilapia grower diets of a

farmrmadefeed a commercialeedanda mix of the twdiin al:1 mixture;

ii.  costeffectiveness of usinglapia grower diets of a farrmadefeed a commerciafeedand
their 1:1 mixture in the production of Nile tilapi@ieochromisiloticus);

iii.  health condition ofO. niloticus fed with tilapia grower diets othe farmrmade feed a
commerciafeedand their 1:1 mixture; and

Iv.  proximate composition dD. niloticusfed with tilapia grower diets of a farrmadefeed the
commerciafeedand their 1:1 mixture.

The formulation, preparation and evaluation of the tildpatypes (Faramade, commercial and their

1:1 Mixture) were carried out at the Aquaculture Research and Development Centre (ARDEC) of
Water Research Institute (WRI) of the Council for Scientific and Industrial Research (CSIR). The area
lies betweenlatiude 6A 13a North and the | ongitude O0A
GhanaThe major activities carried out during the study were as follows:

Feed ingredients and commercial fish diet selection

The ingredients used in the formulation améaration of the farrmadefeedwere selected based on
their nutritional value, availability all year round and costs. These were cadéanib@t esculenta

flour, white maizeZea may}y fish meal, soybearslycinespp) meal, wheaffiticum aestivunbran,

palm oil Elaeis quineensjsand common salt (sodium chloride). The ingrediantsfeeds werlmund

to be locally available in all regions of Ghana (Anani, 2015). The most commonly used commercial
fish diet Raanan 30% crude protein content) byHisarmers in Ghana was selected.

Proximate compositions of ingredients and diets determination

Proximate analyses of the ingredients and the diets for the study were carried out in triplicates
following standard methods (AOAC, 1995). The protocol wadiegh in the determination of the
percentage (%) dry matter (DM), % crude protein (CP), % ash, % crude lipid (CL) and % crude fibre
(CF). Percentage Nitrogdree extract (% NFE) was computed using the formula: % NFE = % DM

(% CP + % Ash + % CL + % CF)he gross energy contents of the ingredientdegdisvas computed

by using the average physiological fuel values of 23.64, 39.54 and 17.15\dr kgyotein, fat and
carbohydrate respectively.

Farm-madefeedformulation and preparation

The farmmadefeedwas formulated and prepared to contain 300 gkgtein, 18 kJ ¢ energy, and

100 g kg' lipid to meet the nutrient requirements of Nile tilapia (NRC, 2011) using the selected
ingredients. Common salt was added at 24 kg

Experimental system used in evaluating theeds
A 5.0 x 2.0 x 1.2 m (i.e. length, width and height) mosquito netting hapas mount€dzthectare
earthen pond at ARDEC, Akosombo were used for the feeding trials.

Experimental fish and stocking

A total of hundred and eighty (180) of the ninth generation of mono sex@aiéoticusknown as

the AAKkosombo Str ai n-BRDEE threughoselextd/e doepdinG Viak lsed\iviRhe
growth study. The initial Standard Length (SL), Total Length (TL) aetiweight of the individual

fish specimenwere measured (to the nearest 0.1 cm and 0.1 g respectively) using a fish measuring
board and a top loading electronic balance. The fish were randomly divided into three groups of 20
fish (3 treatments in triplica) and stocked in nine hapas, each of operational water volume of about
8.0 n?. Feeding of the stocked fish commenced the day following stocking with the experimental
feeds.
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Water quality parameters

Water temperature, dissolved oxygen (DO), total ammonia and pH were measured at the
commencement and fortnightly both in the hapas and in the open pond water throughout the
experimental periods.

Feeding and measurements of fish during growth study

All the fish under each treatment were manually fed at 4.0% of their body weight (biomass) three times
daily (between 0800830, 12001230 and 160630 GMT) throughout the week including
weekends. The 4.0% rate of feeding was maintained until the fish in payaktained a mean body
weight greater than 100.0 g. Then the feeding rate was reduced to 3.0%, but feeding frequency of 3
times per day was maintained throughoutdkgerimentaperiod.

The SL, TL and weights of all the fish in each hapa under eadimgatiwere measured fortnightly.

The biomass (total weight) of fish in each hapa under each dietary treatment was computed and
subsequently the quantity of edeledtype for eaclexperimental unitvas adjusted accordingly. The
feeding trials were carriedut for 20 weeks (140 days). day after the 140 day, all the fish from

each treatment was harvested, counted and measured individually to determine the final growth and
survival. Fifty per cent (50%) of survived fish were selected at random from edahydreatment

for health profile assessments whilst a sample of 9 harvested fish (3 from each treatment) was taken to
determine their proximate compositions.

Fish health profiles assessments
The health profiles of the randomly selected fish were asddssexamining them for external and
internal abnormalities following the method by Goede and Barton, (1990)

Biological parameters determination

Growth performance and feed utilization were determined in terms of weight gain (WG), specific
growth rate(SGR), feed intake (Fl), feed conversion ratio (FCR), protein efficiency ratio (PER),
protein productive value (PPV) and energy retention (ER) as follows: WG (%) = final body
weightiinitial body wei ght/ i n?t108% x [irndl yoodywe i g h
weight)TIn(initial b o d y) =Waal fgel giver) penfish/ino. of Haysdfexly s ,
FCR = feed given/live weight gain, PER = live weight gain/crude protein fed, PPV (%) = protein
retained in tissue/dietary protein fedlx0 0 %, ER (%) = 100% I (final
body energy)/gross energy fed

Costeffectiveness of théeeds

The costeffectiveness of théeeds was determined using Incidence Cost (IC) and Profit Index (PI)
(Ananiet al, 2017) as follows: IG Cost of feed used (GHS)/weight of fish produced (kg), Pl = value
of fish produced (GHS)/Cost of feed used (GHS). The cost of therfeadefeedswas calculated
using market prices of the ingredients used whilst foctiremercialithe price per kilograme (kg)

as existed in the study area was used. For the mixed diet, half the cost of theafdferand that of
the commercial were added. Only the cost of the diets was used in the computations with the
assumption that all other operating costs (e.g. p@ms hapa, fingerlings and labour) remained
constant. However, ten percent (10%) of the original costs per kg of therfadefeedbased on the
price of the ingredients used was addete&ulto cover the cost of labour used in preparingfésel
(Ananiet al, 2017).

Data analyses
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All data on fish growth performance, feed utilizations, water quality, health assessment and carcass
traits were tested for normality using the Kolmoge&mirnov test and homogeneity using the
Levenebs t est arried duhtefind catsiftthe dataevere nomnally distributed and the
variances were homogeneous. All percentages and ratios were arcsine transformed to normalize the
data before analyses (Zar, 1984). Statistical analyses were carried out usmgyoaedysis of
variance (ANOVA) to test differences among t he
honest significant difference test was used to identify specific differences between pairs of treatments.
Health assessment data was analyzedgusiKruskal Wallis test.Differences were regarded as
significant wherP O 0 TH Bsultsobtainedollow:

Water quality analyses

The values recorded for the selected water quality parameters for the various dietary treatments and
the open pond wateéndicated that temperature ranged from 27.6 to 29.8 °C, dissolved oxygen (DO)
ranged from 3.50 to 5.40 mg*LpH ranged from 6.95 to 7.47 and total ammonia ranged from 0.51 to
0.61 mg Lt (Table3.1.2. The mean values were 28.9 + 0.02 °C, 4.53 + 0.1 ™@.22 + 0.05 and

0.35 + 0.01 mg 1 for temperature, DO, pH and total ammonia respectively. There were no significant
(ANOVA, P > .05) differences among the water quality parameters within and among the various
dietary treatments and the open pondena

Table 3.1.2 Range and mean values (+ Standard Deviation, SD) of water quality parameters recorded in the
various feed treatments and the open pond water during the study period

Parameter Range Mean (+ SD)
Temperature (°C) 27.629.8 28.9 £ 0.02

| DO (mg LY | 3.505.40 | 453 £0.15 |
Total ammonia (mg t) 0.51-:0.61 0.35+0.01

| pH | 6.957.47 | 7.22 £0.05 |

Health condition of O. niloticus fed with commercial, farimade and their 1:1 mixturdeeds

The health assessment indices (HAISPohiloticuswere low in all the dietary treatments. There were

no abnormalities observed in the eyes, fins, gills, guts, kidneys, livers, pseudobranchs, opercles or
spleens in any of the fish fed with the variéesds(Table3.1.3. Abdominal fat covered less thaalh

of the viscera in almost all the fisipecimen examined with the values ranging f@B88 to 0.93.
Generally, the least gut fat content was observed in the fish fed with the mixed diet and the mean value
obtained was signi fi &a&005)thanthaboivteercommércidt angtibefarnH S D
madefeeds.

Table 3.1.3 Fish health assessments of Nile tilapia fed with a commercial, a farmade and their 1.1 mixedfeed
Variables Diet

Commercial Farm-Made Mixture

| Eyes | 0.0£0.0 [0.0£0.0 | 0.0£0.0 |
Fat 0.9+0.4 0.9+0.7 0.3+£0.%

| Fins | 0.0£0.0 [0.0£0.0 | 0.0£0.0 |
Gills 0.0£0.0 0.0£0.0 0.0£0.0

| Gut | 0.0£0.0 [0.0£0.0 | 0.0£0.0 |
Kidney 0.0£0.0 0.0£0.0 0.0£0.0

[ Liver | 0.0£0.0 [0.0£0.0 | 0.0£0.0 |
Pseudobranchs 0.0+0.0 0.0+ 0.0 0.0+0.0

| Opercles | 0.0£0.0 [0.0£0.0 | 0.0£0.0 |
Spleen 0.0£0.0 0.0£0.0 0.0£0.0

Means with different letters across a row are significantly diffef@rt @.05) whilst absence of letters indicates no significant differéhee0(05)
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Proximate composition of O. niloticus fed with a commercial, a famade and their 1:1 mixture

feeds

The results of the whole body proximate composition® ofiiloticusat the commencement and end

of the experimentabperiod showed that there was no siigaint (ANOVA, P >0.05) differences in
whole body moisture contents among all the dietary treatments (Tdb# Ihe observed values
ranged from 75.61 to 76.26%, and they were lower than the initial whole body moisture composition
of thespecimensThere were general increases in protein, ash and energy contents of the @esh of

niloticusat the end of the feeding trials.

Table 3.1.4 Initial and final whole body proximate composition (% mean *= SD) of cultured Nile tilapia

Constituent Initial Commercial Farm-made Mixture
Moisture 81.21 +0.16 75.65 + 0.60 75.61 + 1.06 76.26 + 0.23

| Protein | 12.49 £ 0.42 | 17.87 £2.96 | 16.37 £5.18 | 16.20 £ 4.63 |
Fat 3.51+0.06 3.14 £ 0.40 4.20 £ 0.37 3.04 £ 0.59

| Carbohydrate | 0.94 £ 0.63 | 1.42£2.94 | 1.73£5.22 | 2.53 £4.38 |
Ash 0.75+0.36 1.85+0.28 1.96 + 0.26 1.90 + 0.28

| Gross Energy | 450 £ 0.03 | 5.71£0.12 | 5.83 £ 0.3% | 5.47 £ 0.2% |

Values are means * SDs of three replicates. Values within the same row with dissimilar letters are significantly différenty(d s P€.85p T ,

The various constituents of Nile tilapia for each dietary treatment are compared in Bidurds

3.16.
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Figure 3.12: Protein contents of Nile tilapia fed
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Figure 3.1.3: Fat contents of Nile tilapia fed with the Figure 3.14: Carbohydrate contents of Nile tilapia

various diets fed with the various diets
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Figure 3.15: Ash contents of Nile tilapia fed with the Figure 3.16: Gross energy contents of Nile tilapia fed
various diets with the various diets

It can beconcluded form the study that it was more profitable to feed Nile tilapia withrfaade diet

not supplemented with amino acid and vitamin/mineral premixes than mixing an equal amount of it
with a commercial tilapideed (Raanar. In the present study, these of the farmmadefeedgave a
higher profit index (1.22) than (1.01) when it was mixed \R#anann a ratio of 1:1. Hence, farmers

will make a higher profit and cut down on production abshey use appropriately prepared farm
madefeedalone thammixing a preparedeedwith a commercial one. The use of teperimtemtal
feeds did nodid not result in any noticeable negative health condition in the present study. The
harvested fish were in good health and condition. The nutritional compositidhe otiltured fish

were within the nutritional range required by humans. Hence, afedudswere appropriate for the
production ofO. niloticus In thestudy, growth trials of the experimental fish were carried out in hapas
as against the sermtensive gstem commonly practiced in earthen ponds by se@lle fish farmers

in Ghana. Hence, similar stied ®uld be carried out under field conditions in earthen ponds. Under
suchpondcondition,the stocking density could be increased to 4 figtasiagains? fish n? that was

used in the current study.

3.1.1.3Livelihood Vulnerability, Resilience and Strategies of Fishery Households in the
Changing Ecosystems of th&olta Basin in Ghana
(Project Staff: Dr.Francis K. Y. Amevenku Principal Investigato)
The creation of dams on the Volta River created a productive fishery, that contributes about 16 per
cent of Ghanadbés total fish output ( FAO, 2008)
flows by storing and releasing water in rhythm with thegsas of electricity demand in the service
area rather than the seasonal patterns of rainfall and runoff in the catchment area (Kalitsi, 1999). The
resultantsmaltscalefisheries is now plagued with problems oéntinually low and dwindling fish
productvity; low diversity; prevalence of diseasegeed infestation of the fishing grounds; and loss
of livelihood opportunities (Tsikata, 2012)lso, flow alteration hagauseda drastic reduction in
floodplain agriculturegxplosion of exotic weeds that hasteoked off the once lucrative shell fishery;
increase in disease vectors of bilharziasg the formation of a permanent sandbar at the estuary
(VBRP, 2008). Meanwhile, households in the catchment have had to devise some strategies for
survival. The extento which livelihood strategies could reduce vulnerabilities and build resilience
within fishing households in the Volta Basin in Ghana was the subject of the Bedyroad objective
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of the study was to examine livelihood vulnerabilities, resiliencestirategies of fishing households
along the Volta Basin in Ghana. The specific objectives were to:
I.  determine the levels of vulnerability of fishery households;
ii. estimate the extent and effects of livelihood strategies on vulnerability of fishery households
iii.  identify the strategies used by the households to sustain their livelihoods;
iv.  assess the determinants of the choice of those strategies; and
v. examine the effect of livelihood strategy and resilience of the households.

Primary data for the study was obtahthrough direct interviews involving the use of a pretested
structured questionnaire. This was administered on fishing households in the study area from July 2015
to December 2015. As a supplement to the primary datepmmunity based push and pull s

that influenced vulnerability were identified through consultations with local experts, focus group and
key informant discussions. Secondary data on temperature and precipitation, over the period January
2005 toDecember2014 procured from the Ghanaeldorological Service (GMet.) was used in the
study.

The data for the study was taken from a total of 802 fishing households located in one upper Strata of
the Volta Basin in Ghanandfrom the Lower Volta Basin in Ghana. A multistage sampling technique
involving an initial selection of Administrative Regions of Ghana, known typically for Volta Basin
fishery was made. These were Greater Accra, Volta, Eastern and Brong Ahafo. Thikomesl foy

another purposive selection of districts known typically to be associated with the fishery and where
issues perceived to lead to vulnerability arising from the construction of dam(s) were most profound.
These were North, Central and South Togia East, Asuogyaman, Lower Manya within which the
segmented LY, LV2 and LVs were derived for the purpose of the study and from Stratum VIl in the
Pru district (Figure8.1.7). Using a structured questionnaiseyvenhundred and fifteen (715) fishery
housénolds respondents were successfully interviewed across 21 communities variously located within
the basin. The extent of livelihood vulnerability was analyzed using measures namely, Livelihood
Vulnerability Index; IPCGLVI and Multi-criteria decision analyss . Al s o, t he Si mp
Diversity (SID) was used to measure the extent of livelihood diversification among the fishery
households and the effect of livelihood diversification on livelihood vulnerability was analyzed using
the Tobit regression mote

THE VOLTA LAKE AND ITS MAJOR TRIBUTRIES IN GHANA

GULF OF GuINEA
= broge o 100 Km.

51— —
nnnnn ‘ ‘ ‘
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Figure 3.1.7 The study areai Lower Volta Basin and principal Strata of the Volta Lake
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The analysis showedthath e f i shery househol ds with a LVI s«
to 4 speci faireo airaelasNetTwersle (0. 55), Livelihood
Climate Variability (0. 38govandn mianttearl (Poa.n3e2l) .on
standar ds, the households had | ow adaatpet i evvee nct
although they were exposed (0.34) and were co

Il n addition, majority (54.9 per cent) wer e Vv
withstandi nmgi ma sgker. chein)tr to(y3 9h opuesre hcoel ds wer e sp
few (4.3 percent) were highly diversified wit/
The estimation process using the Tobit Model revealed: Average age and average number of yealmgf scho

of household members, number of persons dependent on head of household, access to credit, membership o
association, possession of fishing asset and weed removal from fishing grounds significantly influenced
vulnerability.

St r i kindexgof divgsification, SID as an explanatory variable of the livelihood strategy was
consistently insignificant in all the Tobit regression results although its inverse relationship with
vulnerability was as expected plausible explanation offered was that thecpge distinction between
activities constituting the fishery on one hand, and other activiti@sable farming and livestock
keeping- on the other hand, could not be captured in the mbdatidition managerial inefficiencies

on the part of householdsuld have led to significant losses in incomes that were not reported.

On |l ivelihood strategies, two mai n Kremeangdustar h
analyses that revealed that the fishery households adopted four (4) main didedthetegies. These

were:

Fishery only (Strategy 1); Fishery plus Farming (Strategyi@luding crop cultivation, livestock

rearing and natural resource collection); Fishery plus-fdaming (Strategy 3); and Fishery plus
Farming plus Noffarming (Straéegy 4). However, the Fishery and Nfamming strategy was the
dominant strategy adopted by the majority (55.8 per cent) of households. It can further be stated that
fishery (fishing or fish processing) continued to play an important role in these ln@ihdhe study

found at least 70.0 per cent of the households were into some form of diversification but fishery activity
featured in the composition of all of those strategies.

On the aggregated basin level, fourteen (14) variables were statisticalficaigt and explained the
variations in decisions of whether to adopt or not to adopt a particular strategy and these were
differentiated statistically into the separate livelihood pursuitgelmeral they included marital and
formal educational statuseof the head of household, household size, dependency ratio, access to
credit, food insecurity, remittances, fishing season, distance to fishery activity grounds, distance to
markets, fishery asset, experience of head of household, distance to dipitadi ead extension
contact. In the sub aggregated Lower Volta area, ten (10) variables were statistically significant and
therefore, influenced decisions about the choice of the strategies. These were marital and formal
educational statuses of the heddhousehold, household size, dependency ratio, access to credit,
distance to fishery activity grounds, distance to markets; experience of head of household and
extension contact. laddition,water flow at their regular fishery activity site and membershign
organization were significant. The flow factor was of particular interest because according to the
fishers, it had been the bane of their fishery related problems (informal participatory discussions).

The aspect of the study on resilience involved the use of principal component techniques to first
transform 26 variables to construct a new set of variables that were later used in the estimation of
resilience after satisfying standard conditions. Thered#ad resiliencavasthen used to perform a

multinomial regression involving other variables and with livelihood strategies as the dependent
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variables. The results revealed that a unit increase in resilience is associated with betweéhab13 to
percentikelihood of adoption of a multiple livelihood strategy at the 1.0 per cent level of significance.

Based on the findings of the study, the following conclusions were drawn

I.  On the basin level, the fishery households in the Volta Basin were vulnerafbleespect to
social network, livelihood strategies, natural disasters and climate variability and water as
shown by the overall LVI value. These households had low adaptive capacity to withstand
extreme climate events although they were exposed and wesilerably living in sensitive
environments. Indeed, the majority were within the vulnerable category with only a tenth of
the households were capable of withstanding risks. In terms of income diversification, the
majority were within the low to medium tegyory.

ii. Fishery households in the basin were using livelihood diversification to reduce their
vulnerability and some factors enhanced or limited their effort to diversify. The factors as
revealed by the Tobit regression results included average age ehbiusmembers, average
years of schooling of household members, number of persons dependent on household head,
access to credit, membership of association; possession of fishing asset and weed removal from
fishing grounds. Other important factors includecome diversification and seawater inflow
into the estuary.

iii.  The livelihood strategies adopted by fishing households were not exclusive to any particular
site.

Iv.  Majority of the fishery households were into some form of diversification but fishery activity
remained central in the composition of all the other strategies.

v. The linkage between resilience and mintelihood strategy as determined was rather not
strong.

The study provided important policy recommendations that could contribute to improve bdeliho
diversification and reduce vulnerability of fishery households in the Volta basin. They are as follows:

i.  Public and private extension systems should invigorate fishery households by providing them
training, capital, livelihood diversification opportuesi and strengthening social bonds to
diversify their fishery activities in favour of competitive fish culture and others as a viable
option to reduce vulnerability.

ii.  As majority of thefishery,households combined fishing and Hishing strategies, livelihood
intervention programmes should prioritize improvement of thefrstsing activities. This
would not only take pressure off the fish stock to facilitate regeneration but also lead tgopenin
other opportunities for rural development. To be successful however, support in the form of
credit and training must go together if alternative income sources of the households are to be
realized.

3.1.1.4Developmentand Evaluation of Black Soldier Fly Larvae Feed for Sustainable Fish
Farming in Ghana
(Project Staff: Dr Seth K. Agyakwalh Principal Investigator, Dr Fidelis Ocloo, Christopher Tey8aga, K.G.
Ebenezer Ewusie, Prof. Godfred K. Ofo8udu, Dr Eric. Nartey, Prof. Kenneth Danso, Dr Francis Aami, Dr
Stamer Andreas, Dr Noah Adamtey, Godfred Yeboah, Justus Teye and Patience Atsakpo)

Fish production from aquaculture appears to be a prudent approach to narrow fish demand gap of more
than 700,000 mt. Yetthe rising cost of fish feed worldwide, juas in Ghana, threatens the
sustainability of the aquaculture industry, and therefore, a threat to food security and livelihood
opportunitiesCost of fish feed, being the largest contributor to the operational cost of fish farming, is
largely driven by lie cost of the protein componeiihe use of insect, such as the larvae of black
soldier fly (BSF)Hermitia illucens as protein supplement in fish diets appear very promising and
sustainable in fish feed developmeitherefore, the opportunity to invesdig the viability of
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sustainable, digestible and edeyproduce proteins from other natural sources (organic)ther
development of efficient, cosfffective fish feeds for the aquaculture industry cannot be over
emphasized. The study focusedi@msforming municipal market wastes into useful fish feeds by BSF
larvae for the production of Nile Tilapidhe overall objective was to develop proteiith fish feed
from Black soldier fly larvae (BSFLhHlermitia illucens(L. 1758) for use in fish farmg. The specific
objectives were to
I.  develop largescale harvesting technologies for BSF larvae;
ii.  determine appropriate method(s) for drying the black soldier fly larvae (BSFL);
iii.  determine the proximate composition and amino acid profiles of the BSF feed;
iv.  assess the digestibility of the BSF proteins by the cultured Nile Til@ptmchromis niloticus
v. formulate fish feeds using dried BSFL in combination with agdustrial byproducts such as
maize bran, rice bran at varied proportions in comparisonagitirentional fishmeal; and
vi. evaluate the comparative performance of the BSF formuladswith the conventional
fishmeal diets.

The scope of work included developing laigele harvesting technologies for BSF larvae; developing
appropriate drying methbfor harvested BSF larvae; and formulation and evaluation of fish feeds
using dried BSF meal in combination with agndustrial products/by products.

TRANSFORMINGORGANICWASTE 1
INTO FEEDBY BLACK SOLDIER |
FLY, FOR FISHPRODUCTION !
1
1

Developing largescale harvesting technologies for BSF larvae:

Activities undertak&n Two levels of scales of production of the BSF larvae were employed. In the first
level, each of the weights of three replicaiésrganic feedstocks of four treatments (combinations of
vegetable wastesvW, fruit wastes FW, and uncooked food wastedCFW), was kept at 8 kg in a

600 L plastic container, whereas the second was kept at 30 kg in a 150 L container. After inoculation
of 10-day old BSF larvae onto the feedstocks, 400 larvae of each of three stages of development were
harvested by hanpicking at days 8, 12 and li@spectively.

Achieved Result88SF larval weights generally increased from day 8 to 12, then reduced at day 16.
The stages of the larvae harvested were nothselfesting. The presence of higher biochar or
uncooked food wastdJCFW) delayed larval growth. Treatment two having 5% biochar and 10%
UCFW, and harvested on day 12, produced the highest mean larval weight of 0.25 + 0.01g.
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Summary of production and growth characteristics of the Black SoldieHEHnitia illucensare &
follows:

Egg production : About 500 eggs per egg clutch (in female lifetime)
Duration of hatching : Eggs takes 102 to 105 hrs to hatch

Average fresh larval weight: 0.2g

Prepupal Behaviour : Self harvesting prepupae

Maturity : 35 to 40 daygsexually matures 4 days after eclosing)

Major ChallengesMass harvesting of the larvae prior to pupation was very challenging. Larvae could
not easily be separated from the feedstocks by the use of sieves due tarsleenature of the
remaining unconsmed feedstock. The quickest means of harvesting was byphadg or with

forceps after series of washing the substrate under running tap water. This process was however laboul
intensive and delayed harvesting of larvae.

Conclusions and recommendatioMass generation of BSF larval meal was achieved. The stages of
BSF larvae harvested from the feedstocks prior to pupation were ndtasedisting. For mass
harvesting of BSF larvae prior to prepupal stage, further investigations should be conduetetbio d

an efficient mass harvesting system.

Development of appropriate drying method for harvested BSF larvae

Activities underta&rn Three drying methods (sun, solar and oven) were employed. Samples were dried
for 24h,between 9:00 and 16:00 hours 8un and Solar drying. The ambient temperature and relative
humidity were taken at 9:30, 12:30 and 15:30 h. Samples marked for oven drying placed in hot oven
(Gallenkamp BS Oven, UK) were dried at 7@ for 24 h. Dried samples from each of the drying
method were subjected to proximate composition analyses on dry matter basis, by determining the
percent amount of crude protein, crude fat, fibre, ash and carbohydrate. The BSF larval meal was also
subjected to amino acid profile assessnadtdr hydrolysis othe proteinsAMINOLab, Germany,
facilitated the procegfirough its subsidiary company EVONIC West Africa (Ghana) (63792), Accra,
Ghana.

Achieved Result©ven dryingoroducedsignificantlythe lowest moisture content and highest relative
proportion of ah, for all three culture days across all treatments compared to solar or sun drying.
Between sun and solar drying methods, sun drying had relatively lower moisture content (23.14 £ 0.52
%) than solar (25.89 + 0.24 %jthough the difference was not sigcéint Crude fat (CF) of initial
samples were higher (ranged 34% to 38%) than after treatment of larvae on the various feedstocks
(ranged 6% to 27%). Oven drying of treated BSF larvae achieved the highest CF (ranged 11% to 27%)),
followed by solar (8% to 2&), then sun drying (6% to 19%). Between the culture days, there were no
clear differences among values of (@€orded Treatments 3 and 4 showed relatively lower CF values
across all three drying methods. Amino acid profile of feedstock treated BSF itagliaeed higher
essential amino acid levels for Treatment 3 compared to Treatment 2, except for Alanine.

Major ChallengesStorage facility such as freezers for the freshly harvested BSF larvae earmarked for
proximate analysis wa®aentat the projecsite. Mechanical déattening of BSF larvae, as a common
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practice by some BSF feéatmulatorswas not undertakeithereforehigh levels of crude fat (around
22%) had influenag on the available protein (i.e. reduced the percent crude protein) in the feed
formulation.

Conclusions and recommendatioiBgherlarval weights of BSFL from various feedstocks did not
necessarily translate into higher crude protein levels. With all treatm@Rtincreased during larval
development but reduced towards prepupal development. Higher amino acid levels for Treatment 3
supported the higher crude protein content of the TreatniEd¥@biochar, 45% vegetable waste, 40%

fruit waste and 10% uncookeddid waste) Therefore, the #2day of BSF larval development on
Treatment 3 feedstock presented better nutritional qualities, hence sugestgibebestidentified
developmental stage and organic waste substrate respectively for mass productiacessing of

BSF larval meal for fish fee@able3.1.5.

Table 3.1.5 Nutritional composition of BSF larval meal

Nutrient Composition (26 dm)
Moisture 10.5 NO.28

Ash 1223 KN0.10
CrudeFat 22.7 NO.25
CrudeFiber 7.0 NO.39
CrudeProtein 37.83N0.35

NFE 20.26 N0.95
Grossenergy(kJddh) 21.39 Rp.45

Formulation and evaluation of fish feeds using dried BSF meal in combination with agrdustrial
products/by products

Activities undertakenGlass aquaria of similar sizes were used to conduct the digestibility studies at
CSIRWat er Resear ch, AduacsltureResedrch ans Devalépment Center (ARDEC),
Akosombo. Thespecimerfingerlings of Nile Tilapia wergrown tosuitablesizes and graded. Prior to
application of test feed to fish in the glass aquaria, the fingerlings were conditioned for 14 days in
hapas mounted in earthen poridve isenitrogenous (380 gky crude protein) and isoenergetic
(18kJg* gross energy) diets were used for this experiment. Diet | (ARDEC), Diet 1| (RAANAN) are
on-station @ad commercial feed respectively and both served as controls. Diet lll, IV, & V, BSF meal
replaced fishmeal at 25%, 50%, 75% inclusion leviéigure3.1.8 Tabk 3.1.6.

ESE I=mrw =al

f==0—S—-1 |

Figure 3.1.8 Samples of BSHormulated diets and controlfeeds

Table 3.1.6 Formulated Diets with BSF meal Inclusion Levels for Fish Growth Trial
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Ingredients BSE 25 BSE 50 BSE 75
Fishmeal 45 30 15
BSFL meal 15 30 45
Soybean meal 6 15 27
Wheat bran 11 15 10.6
Maize (white) 11.3 5 1
Cassava flour 10.7 4 0.4
Common_salt 1 1 1
Total 100 100 100

Growth trials were conducted in nylon net hapasch of size 1x1x3 # set in three (3)eplicate
earthen ponds each of size 2G0Bach dietary treatment was triplicated in a completely randomized
block design (CRBD)Rigure 3.1.9. Mixed sexTilapia O. niloticusfingerlings with initial mean
weight 1.3+0.23g were stocked at density of 30/fif. Feeding rate was at 10% of fish body weight.
Sampling was done biweekly.

Figure 3.1.9 Experimental set up at CSIRWRI-ARDEC

Results and Conclusion

Digestibility

Theapparent nutrient digestibility coefficient&DC) of BSF meal, fishmeaindsoybeammeal were
comparedThe ADC of BSF larval meal was generally high andhpared relatively favourably with
those of fishmeal and soybean meHhe digestible protein and lipid of BSF meal wasvever
significantly lower (P < 0.05) than soybean maadl fishmeal respectively.

Culture Performance

Growth and nutrient utilisation parameters indicate no significant differences (p>0.05) between the
dietary treatmentg\ll diets were readily accepted and utilized by fiGnowth performance dfilapia

O. niloticusfingerlings fed on different diets is shown in Fig3r&.10
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Growth performance ofO. niloticusfingerlings fed on
different diets
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Figure 3.1.10 Growth performance of O. niloticusfingerlings fed on different diets

BSF 50 formulation (i.eDiet with up to 50% fishmeal replacement by BSF meal terms
performanceproved to havéhe potential to reduce production cost in aquacultatehe pilot scale,

a relative profit of betweeB0 % to 44 %could be made by use of BSFLM feeds in Nile Tilapia
fingerling productionA summary of the study outcomes tjputs and status are shown in TabBlge.7.

Table 3.1.7 Summary of study outcomes, outputs and status

Outcomes Item Outputs Original Adjusted Status /
Completion | Completion | Remarks
Date Date
1. Development of MS 8 Processing of BSF larval | Feb 2016 -- Completed
techniques for meal established
affor_dab_le high MS 9 Fish feed available July 2016 Feb 2017 Completed
quality fish f.eﬁd MS 10 MSc-theses finished Sep. 2016 July 2017 Completed
Iproduced with BSF MS 11 Fish growth performance | April 2017 May 2017 Completed
arvae. . -
and Fish suitability proved
2. Improved fish feed | MS 15 - Fish Farmers introduce| August 2015 | -- Completed
from BSF larvae to BSF project
are introduced to - Fish Farmers trained in
decision makers MS16 BSF feed development| May 2016 March 2017 | Not
and users (small and use. completed
scale farmers and (unavailability
unemployed youth) - Results Workshop: of funds)
MS17 Decision makers, Sep 2016 Dec 2017 Completed
scientists, farmers and
other stakeholders are
informed on the new
techniques and their
potential.
3115Af l atoxin in Fish Feed: ltés I mplication o

(Oreochromis niloticu$ in Ghana
(Project Staff: Dr Seth K.Agyakwahi Principal Investigator, Amy Atter, Hannah Odur®beng, George
Anyebonu, Isabella Tandoh, Winifred Arthur and Samuel Amponsah)

Aflatoxins are chemicals produced by some species of naturally occurring Aspgrgillus flavus
andAspergillusparasiticug commonly known as molds. Four major aflatoxins (AFB1, AFB2, AFG1
and AFG2) are direct contaminants of grains and finished feeds. Nonetheless, Aflatoxin B1 is reported
as the most significaribrm thatpossess serious health risk to animalslandan health. Aflatoxins
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levels in fish feed threaten the growth rate and the nutritional quality of farmed fish with recurring
health risk to consumers. The study was therefoiteated to investigate and generate information on
the levels of potentiaflatoxins in farmed fish and its feed. The main objective was to determine the
incidence of aflatoxin in farmed fish feed and its impact on fish growth, health and nutritive value. The
specific objectives were to:

i.  determine the microbial quality amflatoxin levels in locally and commercially manufactured
fish feeds from selected farms and distribution depots;

ii. determine the population growth parametefsfasmed fishes, including the growth rate,
condition factors, harvest weight and survival, fedhwdifferent ratios of aflatoxin spiked
feeds;

iii.  determine the survival rate, health status and nutritional facts/profiles of farmed fishes fed with
different ratios of aflatoxin spiked feeds;

Iv.  monitor the water quality parameters of the cultured fishes figdaflatoxin spiked feeds;

v. assess the quality of fish feed faish growth including Protein Efficiencyd®io, Net Protein
Utilization and FoodConversion Rtio; and

vi. evaluate the socieconomic impact of aflatoxin affected cultured fish on the livelihcafds
fish farmers.

During the reporting period, a survey oanllling and storage practices among fish farmers in the
Greater Accra and Eastern regions of Ghaaa conducted between September and October. 2017
The study focused on fish farming communii#ésng theLower Volta Lake in Ghana. A twstage
sampling criterion including geographic location and fish farming activities was employed in selecting
the study sites. In alkix fish farming communities were selected encasing four from the Eastern
Regian (Senchi, Akuse, Akwamufie and Akosombo) and two from Greater Accra Region (Asutuare
and Ada) (Figure8.1.11. Semi structured interview guides were administered to each respondent
separately in a direct face-tace interview with obtained responses recorded by the interviewer.
Responses obtained were recorded by the interviewer with the consent of the retsgmewirIse most

of the interviewees were illiterate (Figu3el.12

?
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)
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Akwamuf
Study Area senchi
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Figure 3.1.11 Map showing the study sites visited Figure 3.1.12 Research team engaging fish farmers
at Ada using semistructured interview guides

Preliminary information from the field survey indicated that majority of the respondents (10/27) had
5-9 years working experience while a few (4/27) had the least period of working experience of less
than 1 year and more than 9 years. However, 9/ 27 rdspamt s -4h gy ad 56 wor ki ng

Most of the respondents interviewed (21/27) were into commercial feed application while a few (i.e.
3 out of 27 each) use local feed as well as combination of boti{Fepde3.1.13. Theprevailence
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of theuse of commercial feed among majority of the respondentsheesusdocal feeds do not
producequality-farmedfish for both subsistence and economic values.
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Figure 3.1.13 Fish feed types used by respondent fish farmers within the stud
areas

Regarding respondents who use commercial fish feeds, majority (71%) obtain fish feeds from Raanan
Company while8% each obtaied theirfish feeds from FeedMill and Multi feed (Figure 8). However,

the remaining respondents (23%) didesh feeds from CoppensAler aqua and Huawei feed
manufacturing CompaniFigure3.1.149.

‘!(y m Aler aqua

® Huawei
FeedMill

= Multi feed

= Coppens

71%

Figure 3.1.14 Source of commercial fish feeds

The dominant ingredients used in the manufacturing of local fge@spondents includdish (21%),

wheat bran (17%), groundnut sheath and corn bran (13%) and soy bearisn@%ulisencrasicolus,
commonly known as anchovies are the most preferred fish chiefly because they are abundant
throughout the year at relatively low cost. Nonetrelése least applied ingredients in local fish feeds
involved coconut branches, palm kernel, ashes, milling waste, oyster, algae and copra cake (4%) as
shown inFigure3.1.15
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Coconut branches
4%
Copra cake
4%
Ashes
4%
Milling waste
4%
Oyster
4%
Groundnut Palm kernel
shealth 4%
13%
Soy beans Algae
Figure 3.1.15 Ingredients used by respondent fish farmers in local feethanufacturing

All 27 respondent farmers applied feed manually to fish. Majority stored their feed on pallets.

Majority (51.9% of the respondents) expressed some constraimterningeed storage, acquisition

and handling while 48.1% of the respontiiesh farmer showed absence of any challenges within fish

feed storage and handling. Overall, thirteen (13) challenges were identified with the key challenges
involving contact with rats and pest, shortage of feed, open trucks, poor road networks kifid fish

after feedingRespondent indictated thtaticks mostly transpogtifish feed without tarpaulins or with

torn tarpaulinghroughwhich rainwater could penetrate=ish kills after feeding was due to changes

in the chemistry of the aquatic environmeparticularly changes in dissolved oxygen levels.
Inadequate capital for investing into fish farming business by respondents was assigned to the absence
of subsides in the aquaculture industry.

It was concludedrom the survey, that a number of shortomgs exposed fish feedised value chain
which are high potential sources of fish feed contamination especially with Aflatoxin B1 in Ghana.
These challenges nestito be addressed likie relevant stakeholders to avert implicating the health
of consumersHence, the abovmentioned limitations encountered during the-feting periods
should be urgently addressed.

3.1.1.6CSIR/Modernizing Agriculture in Ghana (MAG)

(Project Staff: Dr.Francis K. Y. Amevenku Principal Investigato)
The CSIR/Modernizing Agriculture in Ghana (MAG) programme is-yge& budgetary support
initiative facilitated by the Canadian Government aimed primarily at the creation and strengthening of
a bridge between Research, Extension, Farmers and Agribusiressés facilitate the functioning
of agriculture production along a value chain in Ghana. Underlying the programme is a Memorandum
of Understanding signed between the Ministry of Agriculture (MOFA) and the Council for Scientific
and Industrial Research (CSIR)nder the agreement, research activities are to be responsive, fall in
line with the immediate expected outcomes and demand driven towards commercialization rather than
subsistence. The rationale therefore, is to move farmers from subsistence towanusraiaim
orientation and offering employment to a vast range of people along the value chain. The bisad aim
to offer research support toward increasing the efficiency of local farmers through value chain
development and developing enabling environmengggticultural productivity and competitiveness.
The specific objectivés to link research and extension agents on the use of relevant technologies by
farmers along the agricultural value chain from farms to processors.
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During the reporting period, Reseb-ExtensionFarmer Linkage Committee (RELC) Planning and
Technical review sessions were held in all the 10 regions froni RaptembeR017 with the aim of
identifying issues through the decentralized systems of MOFA at the primary district/ régvetsl
The relevant constraints identified for the attention of the @8MR were the excessive reproduction
of tilapia in ponds; and inadequate knowledge in the use of excess water on rice fields. In response to
these constraints 2 technical communiaatimaterials were prepared and submitted to the CSIR MAG
Secretariat. The materials were titled:

i.  Integrating fish and rice farming;

ii.  Mono-sex Tilapia seed production

The immediate outcome of the two manual$o contributepractical knowhow towards improed

access to sustainable and improved animal and aquaculture production practices established for quality
fish and meat production for women and men along the value chain. However, the specific constraints
for which the manual on the Integration of fistdaite farming approach was prepared addressed the
need for knowledge in water management in rice production, a major constraint identified in the Volta
Region. It is expected to offer additional agricultural activity for paddy rice farmers to diverdify an
increase their income. Thus, the benefits offered by the synergies between Integratediftice
production could be explored by men and women involved in rice farming. The manual omadél
fingerling production was prepared to tackle the constiitihe excessive reproduction of Tilapia
Oreochromis niloticusn ponds and other growing media identified in a number of districts in the
Central, Ashanti, Western, Brong Ahafo, Upper East, Northern and Upper West Regions of Ghana.
Fish farmers in thesegions are experiencing excessive reproduction of their stocked fish. This made
it difficult to for them to realize potential profits as fish harvestgthese farmers were not attractive,

do not attairmarketable size and as a result could not be higdilyed. Thus, the benefit of growing

all'i male could be used to increase the value placed on harvested fish withim6rnth3of growth

to increase incomes and profits of men and women fish farmers.

3.1.1.7Effects of Seasonal and Environmental Chages on Aquaculture Production in Tropical

Lake Volta, Ghana
(Project Staff: Mr. Emmanuel T. D. Mensah Principal Investigator, Dr. H. R. Dankwa, Dr. Ruby Asmah, Dr.
L. L. Torben, Mr. Edem Amerdome, Mr. Bright Awonor)

The study was undertaken to determine the as on a | effects on fish
environment alVotlhaakneg@ si t # itmgl i cati ons d¢amedc age
out in Stratum Il of LakeThe study arehi es wi t h0A 20ngEtandeésO0OA 08
17" N a nat Ajéndin thé&Akosdinbo gorge area in the Asuogyaman District of the Eastern
Region of Ghana. This area was chosen because of the prevalence of cage aquaculturd pvaxtice.
productioer cageldesupvefexhp esreitment al and commer c
( November to February) and one in the wet s e
production cycl e | ast Eodeadhseatp, threemagesivolumnesd fifarido ur |
162.5 ni for experimental and commercial respectively. The cages were stocked with 22.5 g
fingerlings at a rate of 40 Aand 80 ¥ in experimental and commercial cages respectively and fed
commercialfeed. Fish were sampled biweekly by pafty lifting the cage netting and randomly
scooping fish with a dip net. Thygiantityof feed fed to fish was adjusted based on the average weight
obtained following each sampling.

Water samples for determination of the environmental variables were collected biweekly at the

experimental and commercial site at 8:00 in the morning at a depth of 1 m. Water temperature, pH and
turbidity were measured in the field using a TESTO 110 teatypes probe, a HACH EC 20 portable

pH meter and a HACH 2100 P Turbidimeter, respectively. Dissolved oxygen was measured with the
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Azide modification of the Winkler method and nutrients were determined using the following methods:
diazotization for nitritenitrogen (NQ-N), hydrazine reduction for nitrat@trogen (NQ-N), direct
nesslerization for ammonigtrogen (NH-N) and stannous chloride for orthophosphate 4PPD
following standard methods described by the APHA, 2012.

Growth characteristic such asesjfic growth rate, condition factor, mean daily weight gain, feed
conversion ratand sirvival were determined for each seasonal cycle for eaelpseit the end of

thetrial, all fish were sold at the prevailing market price. The cost of feed, fingedimd total revenue
generated from harvest in both seasons were estimated. A simple economic analysis, profit index, was
used to estimate the profitability and its implication on production for the seasons.

All environmental parameters determined fothbheeason for the two seps were within optimal
ranges good for tilapia growth and showed no significant difference (p>0.05) when subjected to a t
test. Environmental parameters monitored throughout the production cycle for both seasons for the
two setups are shown in Tab®1.8

Table 3.1.8 Environmental variables monitored during the dry and wet seasons of culture at the experimental and
commercial site on Lake Volta, Akosombo

CSIR Water Research Institute

Experimental SetUp Commercial Setup

Variable Dry Season Wet Season Dry Season Wet Season

Temperature (°C) | 29.9 + 0.33 29.0+0.84 28.5+0.33 28.0+0.73

DO (mg ) 5.29 +0.32 6.10 + 0.80 3.77 £ 0.68 3.40£0.79

pH (pH units) 6.94 +0.14 6.98 +0.33 7.04 +0.38 6.77 £ 0.16

Turbidity (NTU) 2.80+1.48 4.4 +2.07 4.6 +1.14 6.0 +2.74

NO2-N (mg I?) 0.008 + 0.008 0.029 +0.018 0.002 + 0.002 0.010 + 0.014

NOs-N (mg ) 0.042 +0.049 0.051 +0.018 0.067 +0.017 0.122 +0.250

PQOy-P(mg ) 0.139 + 0.056 0.062 + 0.047 0.197 +£0.128 0.245 + 0.154

NH3z-N (mg ) 0.227 +0.227 0.094 + 0.085 0.185 + 0.249 0.054 + 0.041
The growth of fi-tsph pmogexesegadneqntteaddisley from ar
N 0.15 g to the final average weights 311.
s@&sons respectively-upndgrowt heotommehcreaehbhchet
N 3.61 and 297.00 N 3.39 ¢ the dry and we
22.45 Nh@. 397 ogvt h trenanofculitsthr @ dh ibroteéx peeraismer
ups i s sha&wr.ilb Fi gur e
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Figure 3.1.18 Trend in growth performance of Oreochromis niloticuscultured in the dry and wet seasons at both
experimental @) and Sun Woo Farms k) on Lake Volta, Akosombo.

The instantaneous rate of growth measubreeidn gaso ft
the fish determined as condition factor and tF
for bwopé. skt shemsamrali vids igor gat er than 70% but |
resulting in the higher gross and net yields s
as the fe conversion ratio ranged tfhreond rly. 3s4e

ed
compared d®addreswasewhrieccthh ected in the growth r
showed no significatnetstdi fefxecreepntc efsor( pt>fDe 0&v e rt a
significantly hi glhetrhuipddhte hgr dwwy hsebaonasteori st
seasons afdsfdrs tsthé®whetdon Tabl e

Table 3.1.9 Growth characteristics of Oreochromis niloticuscultured in the dry and wet seasons at both
experimental and Sun W@ Farms on Lake Volta, Akosombo

Experimental SetUp Commercial Farm

Growth Parameter Dry Season Wet Season | Dry Season Wet Season
Initial Mean Wt. (g) 22.40+0.04 22.70+0.08 | 22.10+0.71 22.80+0.14
Final Mean Wt. (g) 311.96 +6.72 | 283.77 +6.8D | 326.85 +3.61° 297.00 + 3.39
Specific Growth Rate (g ddy | 1.88 + 0.06 1.84 +0.0% 2.13+0.0% 1.99 + 0.0%
Mean Daily Wt. gain (g da3) 2.06 +0.18 1.92 + 0.04 2.55+0.08 2.28+0.08
Condition Factor (g cr#) 3.99+0.17 3.95+0.04 - -

762.29 + 2829.90 +
GrossYield (kg) 856.39 £ 91.45 | 67.98 3472.00 + 366.28| 5.88

707.93 + 2468.50 +
Net Yield (kg) 715.10 + 99.35 | 90.8% 3127.50 £ 366.28| 4.04
Food Conversion Rate 1.34+0.16 1.57+0.16 1.70+0.14 1.75+0.2%
Survival (%) 86.48 +12.9¢ | 76.73+6.3%5 | 80.0 + 8.49 73.3+0.99

Mean * standard deviatioReadings of parameter on thame letters werenot significantthose withdifferent letters are significant (p<0.05)

The cost of fingerlings for the two sep varied as a result of differences in stocking densities. The
cost per kilogram of feed (GH¢ 3.67) whg same for both saips, however, feed consumption, feed

cost and value of fish crop differed because of varying stocking rates, growth rates and survival. Feed
was the major component of cost averaging over 50% of the total cost of operation. Fingerhiagéeur
accounted for an average of about 40% of total cost. For betipsethe revenue generated from the

sale of fish was high in the dry seasons. The average selling price at harvest was GHS 11.75 per kg
live weight. The profit index estimated for ttveo setups showed a higher value for fish cultured in
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the dry season as compared to the wet seaSbaseconomic implications of fish cultured in the both
seasons for the two systems are presented in BahlE)

Table 3.1.10 Economics ofOreochromisniloticus cultured in the dry and wet seasons at both experimental and
Sun Woo Farm sites on Lake Volta, Akosombo.

Experimental SetUp Commercial Farm
Economic Parameters Dry Season Wet Season| Dry Season Wet Season
Prize of Fingerling (GH¢) 1.0 1.0 1.0 1.0
Cost of Fingerlings (GH¢) 3200 3200 13000 13000
Prize of Feed/Kg (GH¢) 3.67 3.67 3.67 3.67
Total Feed Fed (Kg) 944.4 950.7 5300 5070
Total Cost of Feed (GH¢) 3465.95 3489.07 19451.00 18606.90
Value of Fish Crop (GH¢) 7564.56 6896.45 38461.20 35521.10
Profit (GH¢) 898.61 207.38 6010.20 3914.20
Profit Index 8.01 7.25 7.26 7.01

The following conclusions were drawn at the end of the study:

i.  Environmental variables measured throughout the seasons in bafisseére within optimal
ranges suitable for tilapia culture in the tropics and this has been observed in previous studies
on the Lake.

i. Lake Volta in general, is fairly mixed throughoutetlyear with marginal differences in
environmental variables betwesaasonswhich makes the Lake well suited for year round
culture of tilapia without any adverse effect on production

iii.  High growth rates were achieved in the dry seasons, which coalttibeted to the relatively
high temperatures that accompanies the season and effective feed utilization as reflected in the
feed conversion rate.

iv.  The feed conversion rates obtained in the studyewithin a range ottypical Tilapia O.
niloticuscage aqgaculture systems iAfrica, whichis between 1.4 and 2.5.

v. The cost of feed and fingerlings together accounted for about 80% of the operational cost and
these factors has been identified as factors limiting profitability.

vi.  The revenue generated in both-gp$ was high in the dry season probabécausef high
survival and good growth ratégncethe relatively igh profit index was obtained.

vii.  The survival of fish in cages was identified a major determinant of yield and profitability in
both experimental ancommercial setips.

3.1.1.8WRCF - Aguaculture Intervention

(Project Staff: Mr. Etornyo Agbekd Principal Investigator,Dr. Ruby Asmah, Dr. Francis A. Anani, Mr. E.

T. Doku-Mensah, and Mrs. Patience Atsakpo)
The study wamactvate abandoded eauttien porads for catfish production; create and
establish demonstration farms to increase catfish production; and train selected fish farmer associations
on outgrower catfish production. In the reporting periotfrican Catfish Clarias gariepins
fingerlings of initial mean weight 23.1 + 0.7 g were randomly stocked at 5 ffsim rithree earthen
ponds with dimensions 119, 160 and 225afhmean depth 1.0 + 0.25 m. The cultured fish were fed
with pelleted commercial catfish feed a65.2.0 % of mean body weight, ration three times daily.
Water quality was monitored monthly using standard methods for sampling and analyziegater

Water temperature (30.00 + 1.08 mf, Idissolved oxygen (5.35 + 2.85 md) | total hardness (52 +
32.18), conductivity (466.50 + 230.29 pS érand pH (7.2 6.80), were within permissible levels.
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Slight nutrient enrichment was observed as ammbiniaitrateN and nitriteN were >1.20 mg},
except for phosphate which was < 0.5 mg'l After 120 ailture days, final mean weights of cultured
catfish were 1003.7 + 116.4, 1101.8 £ 327.2 and 843.8 + 47.8 g foiABilii, New Ankasa and
Kamgbunli, respectively. The condition factor of harvested fish ranged from 0.78 to 0.88.

Combined survival rate w8a82.77% with a feed conversion ratio of 1.33. Catfish produced in
demonstration ponds in the selected communities in four months period were relatively good compared
to those produced in prior to the competent of the intervention in the communities (ilghhgain

< 500g, FCR>2.5, and survival rate < 50% over the same period) . The growth characteristics are
shown in Table3.1.11

Table 3.1.11 Range of values for growth performance and condition factor of the cultured African catfish at Half
Assini, New Ankasa and Kamgbunlifor 120 days

Parameter Range of Values Value
FMW(g) 843.8-1101.8

MWG (g) 820.8 - 1078.7

SR (%) 82.7- 82.9

FCR 1.31- 1.36

FE (%) 73.5- 76.3

CF (K) 0.78 -0.88

FMW = Final mean weight, MWG = Mean weiglein, SR = Survival rate,
FCR = Feed conversion ratio, FE = Feed efficiency, CF = Condition factor

It was concluded from the study that catfish farming could be a \agiilen foroption for livelihood
supportin thecommunities, ifinterested inhabitants are trained for it.

3.1.1.9PostImpoundment Fish Stock Assessmerdf Bui Reservoir and River Black Volta
(Project Staff: Mr. Theodore Quarcoopomk Principal Investigator, Mr. Edem Amedorme and Mr. Bright
Awunor)
The Bui Damwasbuilt on the Black Volta River at the Bui Gorlgess than a decade ago. It is located
in northwestermart of Ghana covering portions of the Upper, Northern and Brong Ahafo Regions.
The Bui Reservoir covers an area of 444 lanfull supply level of 183 asl and holds about 12,600
million m® of water purposely for the generation of 400 Megawatts of electricity (Dmmsonet al,
2012). While construction of the Bui Dam began in 2009, the impoundment began in June 2011 and
official commissioning was in December 2013. Vanden Bossche and Bernacsek (1990) reported a total
of 96 fish species while Ofeansonret al. (2012) reported 64 species belonging to 39 genera and 20
families. After 5 years of impoundment, it is importanassess the fish fauna of the resulting reservoir
and portion of the river below the dam to determine their steersce, the objective of the study was
to assess the post impoundment fish fauna of the newly created Bui Reservoir and the portion of the
Black Volta River below the dam to determine the status of the fish communities in respect of the fish
species present and their relative importance,-kgslg, biological diversity, ecological balance as
well as their fisheries.

The following activities wre undertaken during the reporting period:
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Sampling and data collection

Sampling design

The study covexd one year and employed a tstage stratified random approach watlbenateing
hydrologicalseasons as primary stratum and locations at dam site, upstream or downstream of the
reservoir as secondary stratum for effective sampling. The hydrological seasons of the study area were
as follows: Postainy season October to December 2016; Dry seasdanuary to March 2017; Rre

rainy season April to June 2017; and Rainy seasaluly to September 2017.

Sampling stations

Sampling stations were selected based on @iarisonet al. (2012). The Bui and Battor sampling
stations, which were inundatedjere replaced by Jama and Akanyakorpe stations (Dam site).
Sampling was carried out at Lobia within the original Bui National Park (Upstream above the dam)
and at Agbolekame and Bamboi (Downstream below the dam).

Sampling frequency

Experimental sampling & undertaken quarterly according to schedule with overnight gill net setting

at inshore and offshore areas at each of the 5 sampling stations. Catches of randomly selected loca
fishermen were observed during the same period at each station to augoremdtioh derived from
experimental fishing.

Sampling gear

Fish sampling was done using multifilament gill nets of mesh sizes 12.5 mm, 15.0 mm, 17.5 mm, 20.0
mm, 22.5 mm, 25.0 mm, 30.0 mm, and 40.0 mm lateral stretch as well as monofilament gill nets of
mesh sizes 38.1 mm, 50.8 mm, 63.5 mm, 69.85 mm, 76.2 mm, 88.9 mm, 101.6 mm, 114.3 mm, 127.0
mm, 139.7 mm and 152.4 mm.

Data collection

At the end of each sampling perioithe sample was sorted into species and sex by individual
identification, visual inspetion and counted while each fish was measured for standard length, total
length and weight. Selected samples were preserved on ice and transported to th#a@8IR
Research Institute Laboratory for further data collection.

Data analysis

All data were ®red and analysed using Microsoft Excel version 2&H3ed on fish identification,

length and weight measurements, number of fish in each species as well as catch and effort data the
following parameters were estimated:

Parameters based on fish iderddtion

Species composition determines the fish populations that make up the fish community in each station.
This was determined by the identification of each fish species present with the help of identification
books of Dankwaet al.(1999) and Paugegt al. | & 11 (2003).

Parameters based on fish number and weight

Relative abundance of fish species determines the importance of each species in the fish community
in terms of both number and weighthe relative abundance is determined by computing the
percemage composition of each species with respect to the total sample.
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Parameters based on length measurements

Length frequency distribution of fish species determines the population structure by describing the
number of fish in each length group represented by a graph of relative frequency (%) against total
length (cm).

Parameters based on relationships betwiesgth and weight

Fish condition factor determines the wiedling of fish populations and the suitability of their aquatic
environments for fish growth using the formula K= W x 18Q(Tesch, 1971) where W is weight in
grammes and L is total length in tiemetres.

Parameters based on fish feeding habits

Forage/Carnivore (F/C) ratio determines the ecological state of the fish community based on the
different feeding habit (trophic) groups of fish using the ratio of forage fish to piscivorous fish & term
of number and weight.

Parameters based on fish numbers, species numbers and relationships

Biodiversity of fish determines the diversity status of the fish community in each station using the
following parameters and formulae:

i) ShannoAWeaverdiversit i ndex ( HO6) exx pPrie slsoegd Pais :whHor e= Pi
individuals in thath species (Dahlberg & Odum, 1970).

i) Species richness (D) computed using the formula: D-£)($g N (Margalef, 1968)

Where S is the number of specieshia sample and N is the total number of individuals.

iii) Species evenness (J) computed wusing the
where HO6 is the diversity index and S is the |

Parameters based on fish catch and effort
Potential fgh yield determines the weight of fish the reservoir can potentially produce in kilogrammes
per hectare (kg h9 or in tonnes per annum (t %r using the morphedaphic index and the
relationship: Y = 23.281 MEY**’ (Marshall, 1984)
Where Y is thepotential fish yield in kg h&
MEI is morpheedaphicindex thatis calculated in uS crhby dividing mean
conductivity by mean depth (Ryderal, 1974).
Fish yield in t yr* is obtained by multiplying the potential fish yield in kg'hay the area fothe
reservoir in hectares and converting to tonnes.

Preliminary findings

General decline in the total number of fish species encountered was observed in comparison with the
findings of Vanden Bossche & Bernacsek (1990) and éansonet al. (2012). Seasonal variation

in fish species composition and principal fish species and fish families were observed at each station.
The foregoing indicates restructuring of feésemblages, which characterized by loss or decline of

some riverine fishkspecies and dominance of lacustrine species in the dam resulting from shift in
relative abundance of fish species. Seasonal variation and general shift in dominance pattern of trophic
fish groups of fish in the reservoir and in the river was observedenergl, a dold increase in
potential fish yield per hectare was observed in the reservoir over tiaprandment values.
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3.1.1.10Fecundity of black-chinned Tilapia, Sarotherodon melanotheronfrom Sakumo |

Ramsar Lagoon

(Project Staff: Mr. TheodoreQuarcoopomé Principal Investigator, Mr. Solomon A. Owiredu)
Black-chinned tilapia, Sarotherodon melanotherpns an indigenous and soeszonomically
i mportant fish mostly found in brackish water
species iglominant in Ghanaian lagoodse to its resilience and prolific reproductive habits though
threatened byollution, siltation, overfishing, destructive fishing, habitat degradation, and climate
change. The fecundity of a fish stock is one of the important components of its biology useful for
estimating reproductivigotential, whicthas direct bearing on figiroduction, stock recruitment, stock
management, stock size estimation, stock discrimination as well as exploitation and management.
Fecundity, however, is not a constant feature but fluctuates with variations in environmental conditions
and speciespecifc factors.It is expected that the findings of this study will enhance understanding
of the reproductive potential & melanotherofor effective and sustainable management in coastal
waters in the face of anthropogenic, environmental, and climaticréacthe objective of the study
was, therefore, to determine the fecundity and related reproductive and population characteristics of
gravid andhongravidS. melanotheroand their seasonal variations.

During the reporting period, the following acties were undertaken:

Sampling
The lagoon was divided into 3 sections namely riverine, middle and estuarine each of which was
sampled on monthly and quarterly basis for the first and second years respectively using cast nets.

Data collection

Monthly and quarterly fish samples were transported to the fisheries laboratory of-\USI&
Research Institute for identification, sex determination, gonad maturity stage determination, counting,
weighing, and measurements of standard and total lergthsr each miathly sample, gavid S.
melanotheromt stages 3 and 4 were selected and tmiads removed, weighed and dissolved to
releaseeggs, whictwere individually counted.

Data entry and analyses
Data entry into Excel spreadsheet version 2010 for storagearsadgsis is ongoing. Preliminary
analyses has been conducted for the following parameters

Parameters based on number of eggs

i) Absolute Fecundity (F) determines the total number of eggs in the ovaries of the fish prior to
spawning (Bagenal, 1978).

i) Relative Fecundity (RF) determines the relationship between the number of eggs prior to spawning
and respective body parameters according to Biswas (1993) as follows:

Body weight: RF = F/BW; Standard length: RF = F/SL; Total length: RF = F/TL

whereRF is the relative fecundity, F is absolute fecundity, BW is body weight, SL is standard length
and TL is total length.

Parameters based on relationship between fecundity and length and weight measurements

To establish the equation between fecundity and fish length and weight, scatter diagrams of fecundity
against standard length, total length, and body weight was drawn and a linear regression line fitted on
each scatter diagram which was of the form Y =lx+

Where Y = fecundity; X = body parameters namely standard length (SL) and total length (TL) in
centimetres (cm), and body weight (BW) in grammes (g); and the constants a (intercept) and b (slope).
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Lengthbased parameters

Length frequency distribudn of gravid andhon-gravid S. melanotherodetermines their respective
population structures by showing the number of fish in each length group represented by a graph of
relative frequency (%) against total length (cm).

Parameters based on relationstiptween Length and Weight

i) Fish condition factor determines the wieling of fish populations and the suitability of their aquatic
environments for fish growth using the formula K= W x 18Q/Tesch, 1971) where W is weight in
grammes and L is total lgth in centimetres.

i) Lengthweight relationship determines the growth pattern for gravid and non gfavid
melanotherorfrom Sakumo | using the equation W ="gRicker, 1975) where W is the weight (g),

L is the total | en qatéhn &6 comp whehi nhercepstantds
correlation c oef hangravied3 melanathéropbpulationgdeterminestheadegbe

of relationship between length and weight.

Preliminary results and output
Preliminary results indate that out of a sample size of 546 specimen 33 fish representing 6.04 % were
gravid. Descriptive statistics of gravid and non gravid specimen analysed is presented $11Table

Table 3.1.12:Descriptive statistics of gravid andnon-gravid S. melanotheronfrom Sakumo | Lagoon

Standard Length | Total Length Weight Gonad Weight Fecundity
Gravid | Non Gravid | Non Gravid | Non Gravid | Non Gravid | Non
Gravid Gravid Gravid Gravid Gravid
Minimum 5.1 2.5 6.8 3.9 5.6 1.1 0.1 0.1 34
Maximum | 9.7 10.7 13.0 14.0 41.3 50.6 3.15 1.8 289
Mean 7.29 5.18 9.61 6.85 17.85 6.78 1.36 0.48 136
Std Dev 1.09 1.29 1.46 1.70 8.62 6.09 0.83 0.43 66

Standard Length/Total Lengthcm; Weight/Gonad Weiglit g

Length frequency distribution

The length frequency distribution for each species shows the number of fish in each length group and
gives indication of fish population structure. The length frequency distribution of gravid and non
gravid S. melanotherofrom Sakumo | Ramsar Lagoon isepented in Figre 3.1.17 Total length

groups 8 cm to 10 cm were dominant for the gravid population while length groups 5 cm to 7 cm were
dominant for the non gravid population indicating that gravid fish were generally {sgger
compared to non graviish.
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Figure 3.1.17 Length Frequency Distribution based on Total Length for Gravid and Non GravidS. melanotheron
from Sakumo | Ramsar Lagoon

Condition factor

The condition factor for gravi®. melanotherobased on standard length varied from 3.36 to 4.62
with mean of 4.22+0.304 while the non gravid population ranged between 2.27 and 11.52 with mean
of 4.07£0.695. The mean condition factors of 4.22 and 4.07 for the gravid and non gravid populations
respectrely indicated that gravid fish were in better condition than the non gravid fish. Genérally
condition factor wasigh for both gravid and non gravid populations was high for Cichlids indicating
that the aquatic environment of the Sakumo | Ramsawodmgs good for the growth o8.
melanotheron Quarcoopome & Owiredu (2016) and CSIFRI (2013) reported mean condition
factors of 3.75 and 3f@r gravid populationgn theFosu Lagoon respectively

Absolute fecundity

Maximum fecundity recorded was 289 fish with SL=8.4 cm, TL = 11.0 cm, Weight = 25.4 g while

the minimum fecundity recorded was 34 for SL = 7.1 cm, TL = 9.3 cm, Weight = 14.0 g. The mean
fecundity was 136+66 with only 15.15 % of the gravid fish having fecundity above 200. The minimum
andmaximum gonad weightvere0.3 g and 2.5 g respectively.

Relationships between fecundity and body parameters namely standard length, total length, weight and
gonad weight are represented inlgs3.1.181 3.1.21 The equations for the body parametgese
significant indicating that the differences are not due to chance. The correlation coeffiLiemitiés

ranged between 0.333 and 0.368 indicating weak correlations and, therefore, that fecundity is not
dependent on body parameters.
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Figure 3.1.18 Relationship between Absolute Fecundity and Total Length for gravié. melanotherorfrom Sakumo

1 Ramsar Lagoon
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Figure 3.1.19 Relationship between Absolute Fecundity and Standard Length for gravic&s. melanotheronfrom

Sakumo 1 Ramsar Lagoon
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Figure 3.1.20 Relationship between Absolute Fecundity and Weight for gravids. melanotherorfrom Sakumo 1

Ramsar Lagoon
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Relative fecundity
The relative fecundity for body parameters namely standard length, total length, and weight were as
follows: 1.823) +0.79, 1.38+0.59 and 8.1@+3.47g respectively.

Conclusion

Preliminary results show that the absolute fecunditysofelanotheronfrom Sakumo | Ramsar
Lagoon ranges between 34 and 289 eggs with mean of 1386 whichs below the reported
minimum of 200 for the species while only 15.15 % of gravid individuals had fecundity above the
minimum. Relationship between fecundity and body parameters signéicant indicatingthat
observed differences were not due to chatit®ugh the correlations coefficients could be termed as
beingweak Total length groups 8 cm to 10 cm were dominant for gravid fish while length groups 5
cm to 7 cm were dominant for non gravid fish indicating that gravid fish were generally-bigger
compared to non gravid fisfihe mean condition factor for the gravid population was 4.22+0.304 SL
while the non gravid population had mean condition factor of 4.07+0.695 SL indicating better well
being of gravid population.

3.1.1.11 Fish Monitoring and Ecological Studies of the Densu Delta in Ghana
(Project Staff: Mr. Solomon Amoah Owiredu Principal Investigator, andDr. Ruby Asmah)
The objectives of the fishery component of the study were to assess the diversity, abdistiatoek
structure ofSakumo | and Il lagoons; and assess the seasonal changes in fish abundance and
composition in the lagoo®uring the reporting yearish samples were taken quarterly from January,
2017 to December, 2017 from the estuarine, middle and riverine sectitres edtuary using a cast
net. Fishes caught were identified using keys of Dargdved. (1999) and Edwardst. al.,(2001) and
were then weighed using an electronic balance to the nearest 0.01 g. The total and standard length:
were measured to the nearési mm using a measuring board. From the length and weight
measurements and the total number of each species caught, the following were estimated:
i.  Species compositionto determine the fish population structure.

ii. Relative abundandeto determine the imptance of each species in the population.

iii.  Some descriptive statistics

Iv.  lengthweight relationship for major fish species encountered

v.  Fish diversity ShannorWeinner diversity (H') index, Simpson's and Species richness.

vi.  The condition factor (K) which indicadehe suitability of the environment for the growth of

fish or state of welbeing of fish was be assessed.

A total of 7,078 finfishes and shellfishes weighing 58,854.9 g and comprising 31 species, 27 genera
and 20 families were sampled from the lago&arotherodon melanotheron, Hemichromis fasiatus,
Mugil spp., Ethmalosa fimbriata, Eucinostomus melanopterus, Eleotris vitata, Gobienelus
occidentalis, Caranx hippos, Citharichthys stampflii, Callinectes amnicola and Penaeus radtialis
occurred in the tlee sections of the lagoon. The other species occurred in one or two of the sections
during the sampling period. Fish species sampled from the Sakumo | lagoon are shown3iilTEble
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Table 3.1.13 Checklist of fish species and families ewtintered atthe sampling sites

Species Riverine Middle Estuarine
Cichlidae
| Sarotherodon melanotheron | * | * | * |
Hemichromis fasciatus * * *
| Oreochromis niloticus | | * | |
*

Tilapia guineensis

| Mugilidae | | | |
Mugil cephalus * * *

| Mugil curema | * | * | * |
Liza falcipinnis * * *

| Clupeidae | | | |
Ethmalosa fimbriata * * *

| Odaxothrissa mento | * | | |
Gerreidae

| Eucinostomus melanopterus | * | * | * |
Eleotridae

| Eleotris vitata | * | * | * |
Eleotris senegalensis *

| Dormitator lebretonis | | * | * |
Gobiidae

| Gobienelus occidentalis | * | * | * |
Awaous lateristriga *

| Clariidae | | | |
Clarias gariepinus * *

| Claroteidae | | | |
Chrysichthys nigrodigitatus *

| Chrysichthys maurus | * | | |
Lutjanidae

| Lutjanus goreensis | | * | * |
Lutjanus agennes * *

| Carangidae | | | |
Caranx hippos * * *

| Paralichthyidae | | | |
Citharichthys stampflii * * *

| Elopidae | | | |
Elops lacerta * *

| Polynemidae | | | |
Galeoides decadactylus * *

| Acanthuridae | | | |
Acanthurus monroviae *

| Serranidae | | | |
Epinephelus aeneus * *

| Haemulidae | | | |
Plectorhinchus macrolepis *

| Sciaenidae | | | |
Pseudotolithus senegalensis *

| Syngnathidae | | | |
Microphis brachyurus aculeatus

| Portunidae | | | |
Callinectes amnicola * * *

| Penaeidae | | | |
Penaeus notialis * * *

The most dominant specieS, melanotherorshowed a size range of 2-612.5 cm SL whileM.
cephalusshowed a size range of 3.20.4 cm SL. The third most abundant figh fimbriatashowed
a size range of 3.211.7 cm SLEthmalosa fimbriatas the onlyspecies, whiclexhibited isometric
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growth andr?values indicate ofa strong correlation between length and weight for all fishispn
encountered. Fishes with condition factor above @B considered abeingin good condition
(Bennet, 1970). Results obtained for the major species inditatethe species weregood condition
throughout the seasons. Descriptive statistics, lewgilght relationship and condition factor of
dominant finfishes are presented in Table.14

The classification of estuarine fishes has been almost as numerous as the classifiestiogaries

(Day, 1951; Gunter, 1967; McHugh, 1967; Green, 1968; Perkins, 1974; Whitfield, 1998) with
taxonomic, physiological and ecological groupings based on attributes such as salinity tolerance,
breeding, feeding and migratory habits. Most researobstuarine fishes has been in temperate and
warm temperate regions of Europe and North America where salinity has long been regarded as a key
factor regulating the composition of estuarine fish faunas. Gunter (1967) considered the lower salinity
of estuame waters to be the outstandin{f eience between these waters seawater

While this phenomenon has been amply demonstrated for warm temperate and tesngasgies

not at all clear in the subtropics and tropics. Salinity is only one of an array of factors that determine
which species are found in any one subtropical or tropical estuary. Salinity tolerance may play a role
in the distribution of fishes in tropt estuaries, but as these systems often undergo very great
fluctuations in salinity (often from almost O to 35), both diurnally and seasonally, a considerable degree
of euryhalinity is a preondition and prerequisite for their inhabitants, as well amfiory species in
marine areas that er seasonal reductions or fluctuations in salinity. For this reason, a grouping of
tropical estuarine fishes based mainly on their salinity tolerances is not very useful or practical,
especially as there has beenlditexperimental work conducted on the salinity tolerances of most
species. Based on their occurrence in low salinity waters almost all fit into a similar, very euryhaline
category. This has led to a number of classification systems for subtropical acal #sfuarine fishes

(Day, 1981; Blaber, 1997; Whitfield, 1998), based mainly on how they utilize estuaries and where they
spawn. The following classification scheme is
category in the tropics due recent advances in knowledge of spawning behaviour (Blaber, 2000):

(a) Estuarine species that can complete their entire life cycle in the estuary. They represent a large part
of the estuarine fish fauna, and include many species of Clupddadjdae, Sciaenidae, Ariidae,
Polynemidae and Haemulidae that spawn in estuaries.

(b) Marine migrants from the sea are usually characterized as marine spawners. This is a large group
in tropical estuaries where they may occur both as juveniles and éelgltsutjanus goreensis,

Caranx hippos, Citharichthys stampflilops lacertaandthe circumtropicalMugil cephalus as well

as some Haemulidae, or only as juveniles (e.g. some species of Mugilidae, Carangidae and
Polynemidae) or only as adults (espme species of Ariidae). It is important to note, however, that

the division of this category from that of (a) is ofteffidult in the tropics, because many of the species

that fall into the marine migrant category inthe$ub opi c¢cs, f cersmhumaritnedf ctah
the tropics.

(c) Anadromous species that breed in fresh water and on their way to and from their spawning grounds
spend time in estuaries. This group is important in temperate estuaries, but is a rare category in
subtropical and trdpal estuaries. Similarly, catadromous species are rare in the tropics

(d) Freshwater migrants that move varying distances down estuaries, sometimes to spawn (e.g.
Hemichromis fasciatuandOreochromis niloticugs but usually return to fresh water to breed
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Table 3.1.14 Descriptive statistics and WL relationship parameters for the major fish species of the DensDelta
(N: sample size; W: weight (g); min: minimum; max: maximum; L: length (cm); S.D.: standard deuiatstope)

Species N W, mean + SD L, mean £+ SD W-L Correlation Growth Mean
(Wmin-Wmax) (Lmin-Lmax) equation coefficient (R®)  type Condition
factor (K)
Cichlidae
Sarotherodon melanotheron 3300 | 8.12 + 8.06 5.48 +1.52 W=0.0412°2 | 0.97 A- 4.03
(0.7- 90.0) (2.6- 12.5)
Hemichromidasciatus 27 9.8 +10.62 6.1+1.62 W=0.033% 0.99 A+ 3.38
(1.7- 48.3) (3.5- 10.7)
Tilapia guineensis 14 9.56 +12.0 5.69 + 1.67 W=0.031310 | 0.99 A+ 4.03
(1.3- 49.5) (3.2- 10.5)
Oreochromis niloticus 5 418 +2.6 4.6 £0.95 0.99 A+ 3.81
(1.5-7.8) (3.5-5.8)
| Mugilidae | |
Mugil cephalus 1666 12.46 £16.51 7.6 £2.37 W=0.0212°7 0.98 A- 2.1
(1.0- 175.9) (3.5- 20.4)
| Clupeidae | | |
Ethmalosa fimbriata 889 3.7x2.19 5.69 £ 0.82 W=0.0213° 0.94 | 1.87
(0.5- 36.4) (3.2-11.7)
| Gerreidae |
Eucinostomus melanopterus 160  3.86 +2.23 5.29+0.84 W=0.01L133%" 0.95 A+ 2.37
(0.6- 14.6) (3.1- 8.5)
| Eleotridae | | |
Eleotris vitata 27 9.61 +6.71 7.09+1.51 W=0.0212%" 0.98 A+ 2.35
(2.0-25.1) (4.7-10.2)
Eleotris senegalensis 6 26.4+17.25 9.78 £2.29 W=0.01L33! | 0.99 A+ 2.39
(5.9-52.7) (6.5-12.3)
Dormitator lebretonis 4 6.85 + 1.97 6.43 £ 0.37 W=0.00215t 0.99 A+ 2.53
(4.6-9.4) (6.0- 6.9)
| Gobiidae | | |
Gobienelus occidentalis 44 8.12 +3.48 8.68 £ 1.47 W=0.0212% 0.94 A- 1.17
(1.6- 16.2) (5.0- 11.0)
Awaous lateristriga 26 1759 +12.9 9.12+1.97 W=0.01L3'" | 0.96 A+ 1.95
(1.8- 51.5) (4.4-12.6)
Claroteidae
Chrysichthys nigrodigitatus | 11 10.73 £ 4.96 8.15+1.15 W=0.02L3% | 0.98 A+ 1.86
(5.3-22.7) (6.7- 10.4)
Lutjanidae
Lutjanus goreensis 20 5.45+6.34 5.13+1.33 W=0.03L3° | 0.99 A- 3.35
(1.4-315) (3.6- 10.0)
Lutjanus agennes 5 5.64 + 3.36 5.54 +1.13 W=0.0213%%  0.99 A+ 2.95
(1.7-9.9) (4.0-6.7)
| Carangidae | | |
Caranx hippos 31 3.78 £ 3.86 482+1.3 W=0.021315 0.98 A+ 2.66
(0.7- 20.6) (3.0-8.8)
[ Paralichthyidae | | |
Citharichthys stampflii 198 16.22 + 8.96 6.56 + 1.96 W=0.00813% 0.98 A+ 1.52
(0.7-70.7) (3.9- 15.2)
| Elopidae | |
Elops lacerta 13 8.45 +6.03 8.82+1.98 W=0.005134 0.99 A+ 1.02
(1.5- 19.4) (5.5- 12.0)
[ Serranidae | | |
Epinephelus aeneus 14 5.01 £3.52 5.49+1.16 W=0.03l>%* 0.95 A+ 2.64
(1.9-12.9) (4.1-7.4)
| Sciaenidae | |
Pseudotolithus senegalensis 4 7.53+3.8 7.63 £1.19 0.79 A- 1.63
(5.0- 13.1) (6.5-9.3)
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S. melanotheron is the most dominant species by number and weight making up 46.62 % and 45.55 %
by number and weight, respectively. Other species of importance are the Mullets and E. fimbriata
which constituted 23.54 % ard®.56 % by number and 35.28 % and 5.59 % by weight, respectively

(Table 3.1.15).

R & D Activities

Table 3.1.15:Estuarine use functional Groups and abundance of fish species encountered in the DeBslta

CSIR Water Research Institute

Species Estuarine Use Functional Group | Number | Weight (g) | %Number | %Weight
Sarotherodon melanotheron | Estuarine Species (ES): Estuari 3300 26807.3 46.62 45,55
Resident (ER)
Hemichromis fasciatus Freshwater Stragglers (FS) 27 264.7 0.38 0.45
Oreochromis niloticus Freshwater Stragglers (FS) 5 20.9 0.07 0.04
Tilapia guineensis Freshwater Stragglers (FS) 14 135.1 0.20 0.23
Mugil cephalus Marine Migrant (MM) 1666 20762.9 23.54 35.28
Odaxothrisa mento Freshwater Stragglers (FS) 2 1.1 0.03 0.00
Ethmalosa fimbriata Marine Migrant(MM) 889 3290.2 12.56 5.59
Eucinostomusnelanopterus Marine Migrant(MM) 160 617.9 2.26 1.05
Eleotris vitata Estuarine Species (ES): Estuari 27 259.4 0.38 0.44
Migrant (EM)
Eleotris senegalensis Estuarine Species (ES): Estuari 6 158.4 0.08 0.27
Migrant(EM)
Dormitator lebretonis Amphidromous (AM) 4 27.4 0.06 0.05
Gobienelus occidentalis Amphidromous (AM) 44 357.1 0.62 0.61
Awaous lateristriga Amphidromous (AM) 26 457.4 0.37 0.78
Chrysichthys nigrodigitatus Freshwater Stragglers (F§ 11 118 0.16 0.20
Potamodromous
Chrysichthysnaurus Freshwater Stragglers (FS 1 15.7 0.01 0.03
Potamodromous
Clarias gariepinus Freshwater Stragglers (FS 1 19.3 0.01 0.03
Potamodromous
Lutjanus goreensis Marine Migrant (MM) 20 108.9 0.28 0.19
Lutjanus agennes Marine Migrant (MM) 5 28.2 0.07 0.05
Caranx hippos Marine Migrant (MM) 31 117.1 0.44 0.20
Citharichthys stampflii Marine Migrant (MM) 198 1231.6 2.80 2.09
Elops lacerta Marine Migrant (MM) 13 109.8 0.18 0.19
Acanthurus monroviae Marine Migrant (MM) 2 23.8 0.03 0.04
Galeoidegdecadactylus Marine Migrant (MM) 2 7.1 0.03 0.01
Plectorinchus macrolepis Marine Migrant (MM) 2 4.7 0.03 0.01
Epinephelus aeneus Marine Migrant (MM) 14 70.2 0.20 0.12
Pseudotolithus senegalensis | Marine Migrant (MM) 4 30.1 0.06 0.05
Callinectes amnicola Amphidromous (AM) 481 3435.2 6.80 5.84
Penaeid species Marine Migrant (MM) 123 375.4 1.74 0.64
Total 7078 58854.9 100 100
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3.1.1.12 ICT Tools for the Enhancement of Irrigation Efficiency in West Africa
(Project Staff:Dr. E. O. Bekoé' Principal Investigator, Mr. F. Y. Logah, Dr. E. Obuobie, Dr. K. Kankam
Yeboah, Mrs. Deborah Ofori, Dr. J. A. Ampofo and Mr. Frank Teye Oblim)
Agriculture continues to be an important economic sector in Africa, as reflected in its share in GDP,
which is about 30%. Bedes, agriculture provides jobs and livelihoods for over 65% of the African
population. Thus, agriculture is regarded as a springboard to poverty reduction and economic growth.
Nonetheless, some challenges such as the dominarseatiholderfarms with Imited access to
labour and technological innovation and the strong reliance offiegicrops should be addressed first.
The most constraining factors that hamper growth in cereals and vegetables productivity in West Africa
include inadequate use of fdéi#er, insufficient access to improved seeds and markets, inadequate
credit, low capacity, lack of processing/utilization equipment, the need for irrigation facilities and
production technology. It was against this background that the study, in collabonatin Neiker
Spain and Inkoa Spain (EAU Grant) and WECARD/CORAF (Senegal) and ISRA Senegak
conducted toenhance irrigation practices in West Africa in order to optimize water resources
management and increase agricultural productivity. It wagted in December 2012 and was
completed in the reporting year. The scope of work included the following:
i.  Develop and adjust a soil water balance model for determining irrigation requirements of crops
such as rice and vegetables;
i.  Design, development anchplementation of a sensor network for monitoring environmental
parameters;
iii.  Design, development, implementation and testing of and&Sed irrigation advisory service.
v. Build on target stakehol dersdé capacities
replicability to other African regions through wide spread dissemination of the project
outcomes.

During the reporting period project completion activities such as production of financial statement to
funders AU and transfer of equipments from AU to Gharee undertaken. The ICT for irrigation
efficiency study appreciated the process of using irrigation water efficiently to irrigate only at the time
when the crop needs the water. Piloted studies (FR)@r22 showed improved yields (figu1.23
whenwater is used efficiently. This result raised the desire of some of the beneficiaries from Ministry
of Agric at the project sites to accept the ICT tools for irrigation. In general, the outlook of the use of
ICT to improve enhancement of irrigation effiegy is positive in terms of yield and amount of water
used. Yield improved slightly compared to prior projgegure3.1.23. However, testing for only two

years was not adequate.
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Figure 3.1.22 Map showing the project sites in Ghana

Yield andrrigation at Kpong014-15 Yield and irrigation at Kpo2§16
Irrigation mm +—Yield kg/ha 7000 1000 Irrigation mm +—Yield kg/ha 4500
* - 6000 - 4000
1500 +— * 800 * - 3500
L 2 r 5000 500 - 3000
£1000 |— - 4000g £ * 1 2500
(@] L T
DI 1 1500
1 |+ 2000 I
500 200 1000
- 1000 - 500
0 T T 0 0 T T 0
ICT (controlled sitearmer site No irrigation ICT (controlled sit€armer site  No irrigation
Yield and irrigation aBontanga2015 Yield and irrigation aBontang@016
Irrigati +—Yield kg/h
Irigation mm +— Yield kg/ha 1000 migafion M 10X 4500
5000 . L 4000
700
. 800 + + L 3500
600 +— — 4000
500 +—— e 600 - [ 3000
¢ l3000g £ - 2500 £
€ 400 +—— — < 1S - 2000 2
£ S 400 - ~
300 +— — 2000 =< . 1500
200 +— — 200 | |+ 1000
100 +—— — 1000 - 500
0 r : 0 0 T T 0
ICT (controlled sit&armer site  No irrigation ICT (controlled sifearmer site No irrigation
Figure 3.1.23 Yield results for piloted fields

The IRRIWEST learnt that the use of ICT tool for irrigatimould improve irrigation water
efficiency. CSIR as an Institute disseminated results from the study to stakeholders at least once a
year at seminars organized by the Institute and exhibited themeas of the project IRRIWEST

to stakeholders during the organization of an exhibition organized in the later part of the project
life during Ghana's farmers day celebration in 2016. Also, training programs by Technical Officers,
Agric Extension Officerand farmers were organized at each pilot site (4 No) during the period of

the project.

The study also showed that this system of irrigation (ICT tools) is different from the orthodox way
of irrigation where water is applied at constant interval and nehas the crop needs water and
that if the ICT tools is embraced well, agriculture production in Ghana and other West African
Countries may improve substantiallyhe technical reports and manuals produced for this project
and which could be assessed fr@®IR-WRI are shown in Tabl8.1.16

CSIR Water Research Institute
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Table 3.1.18 Technical reports and manuals produced for the ICT tools project

Deliverable | Deliverable name

D1.1 Report on the information collected for the model and pilot fields selection
D1.2 Adjustment of the water balance model in the pilot fields

D21 Design of the sensor network

D 2.2 Development and implementation of the sensor network

D 3.1 Design of the ICT-based irrigation advisory service

D 3.2 Development of the ICT-based irrigation advisory service

Implementation and testing of the ICT-based irrigation advisory service and

D 3.3
assessment of results
D 4.1-1 Communication and Visibility Plan
D4.1-I1 Project website
D4.1-111 Database of target audience
D4.1-1V Project Newsletters, leaflets and brochures
D 4.1-Vv Project Technical articles
D 4.2 Capacity and training needs of target stakeholders
D 4.3 Training material a n d I CT i rrigati on maduali sor vy ser
D 4.4 Report on training sessions conducted for African farmers
D 4.5 Report on Project dissemination events
D 5.1 Management and monitoring Plan
D 5.2 Mid-term Progress reports
D 5.3 Project Final Report

One constraint observed is tmore field experience/testing was required for at least 5 years instead
of the 2 years tested duritie piloting to enable the beneficiaries (i.e. farmers and extension officers)
embrace the using of ICT advisory system of irrigation. An extension was put in for the AU to fund
this extension but this did not materialize. Efforts to get further fundibejmgy considered. However,

the Irrigation Advisory Platform developed in IRRIWEST project could be the basis for a future
Irrigation Advisory Service in West Africa.
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3.2 CLIMATE CHANGE, ENVIRONMENTAL MANAGEMENT AND GREEN
TECHNOLOGY

3.2.1 POLLUTION AND WASTE MANAGEMENT

3.2.1.1Effects of Climate Change on Volta Lake Resources
(Project Staff: Dr. Ruby Asmali Principal Investigator, Dr. Hederick Dankwa, Dr. Emmanuel Obuobie, Ms
Deborah Ofori, Mr. Emmanuel Tetteh Mensah Doku, Mr Edem Amerdome, Mr. Il Kissi AsanteSasu,
Mr. Serapis Appiah, Mr. Richard Kuddy, and Mr. Bright Awunor)
The study was a collaboration between the C8I&er Research Institute and the Aarhus University,
Denmark, to determine the effects of climate change on the wateyqualitisheries resources of the
Vol ta Lake. The Volta Lakebs role in supporti
country where fish is estimated to account for up to 60% of its total animal protein requirement and
contributes 6% totheount r yés gross domestic product. |t
for 15% of the total domestic fish production and 85% of inland fish production. Nearly all the models
used by IPCC regarding trend and amount of future precipitation expfectthe Volta Lake and the
entire West African Region agree that the frequency of intensive precipitation will increase (IPCC,
2007). Air temperatures in the Lake region are expected to rise between 1°C and 1.5 °C (€buobie
al., 2012, Obuobie and Sa#sante,2013 Jung, 2006; Andalet al, 2004) by middle of the 241
century. These changes are expected to affect the Lake ecosystem. Climateircharage
temperature variations is expected to have a strong impact on the spatial distribution ofafishing
aguaculture activities and on their productivity and yields (FAO 2008). Climate change is expected to
worsen the situation, with negative consequences for nutrition and livelihoods of the inhabitants of the
Lake communities in particular and Ghanaaajé. Hence, the specific objectives of the study were
to:
i.  develop future climate change scenarios for the Volta basin including Lake Volta;
ii.  adapt biophysical and ecological models to the Volta basin and Lake Volta for understanding
the Lake ecosystem fationing;
iii.  quantify the indicative effects of climate change on water, sediment and nutrient inflow as well
as primary and fish production in Lake Volta;
iv.  build knowledge and tools for improving the understanding of lake ecosystem functioning and
fish production;
v. build capacity in climate change research and biophysical/ecological modeling in Ghana; and
vi. raise awareness and facilitate adaptation to climate change by informing local, regional and
national stakeholders on prognoses for future inland fistyztion.

During the reporting period, two month sampling on Lake Volta for zooplankton and phytoplankton
biomass estimation was conducted in January and February 2017 to augment data required for the
ecology and fish modelling of the Lake. Two major tivegs were held during the year; the first was

the advisory committee meeting made up of representatives from stakeholder institutions
(Environmental Protection Agency, Ghana Water Company, Volta River Authority, Fisheries
Commission) and private consultar{Dr. Charles Biney, Dr. GyaBoakye and Dr. Kofi Abban) in
environment, hydrology and fisheries. The second was a stakeholder dissemination meeting where
initial results and findings were presented to the public. There weretlfoey participants frorthe
following Institutions; Kwame Nkrumah University of Science and Technology, University of Ghana,
University of Ghana, Environmental Protection Agency, Ghana Water Company, Environmental
Management Associates, CSIR Water Research Institute, Aarhuserkltyv and Fisheries
Commission.
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Initial findings from the work packages (WP) have been presented below:
WP1i Climate change and catchment model

The Volta River Basin is warming, with a decadal increase of +0.35 °C (for2(8#3 period).
Futureclimate projections suggest a warming between around 2 to 4 degrees Celsius by the
end of the century.

When it comes to precipitation, there is high variability and uncertainty regarding the trend of
future rainfall over the basin. Based on the modelsyaad| the annual rainfall is projected to
change by23% to +20%.

Based on Zear monitoring of river flow, sediment discharge and nutrients, this project has
established a new discharge (sthggght) rating curves as well as dischagggiment and
dischage-nutrient rating curves for key rivers.

The open source Soil and Water Assessment Tool (SWAT) hydrological model has been set
up for the entire Volta basin to simulate wasedimeninutrient flow into Lake Volta. The

model generally performs well.

The model is currently being finalized and will subsequently be used to simulate a range of
future climate scenarios.

WP2 Lake model

The open source lake model GOTIRABM-ERGOM has been adapted to Lake Volta, and a
Ph.D. student trained. The model can nowdslfor further scenario simulatioasdin future
projects.

Temperature profiles collected from Lake Volta, and a new hydrodyreroiystem model
revealed that the lake stratifies and mixes two times per year (with complete mixing around
JanFeb andagain in JWAug).

Primary production seems to be mainly nitrogen rather than phosphorus limited, but production
is also limited by light (due to suspended solids in the water).

The water layers below the thermocline quickly become depleted of oxygethaftarset of
stratification (and could stay anoxic for a duration of up to 6 months).

Climate scenarios run through the hydrodynaetdosystem model indicate that the isolated
effects of temperature increase may not have any major impacts on lake mingyaen
dynamics.

WP3i Fish productivity

iv.

V.

Water level, phosphate and nitrate seem to be related to the structuring of the fish community
in Lake Volta.

Few genera (5 of them beir@hrysichthys Tilapias Bagrus and Synodontisandleste$
dominated fiskcatch forming about 9% of catch from Lake Volta.

Food habits of the dominant species comprised mainly insect&ldéstes Synoantisand
Chrysichthysalgae forTilapias fish for Bagrus

The Fish dynamics model ECOPATH has been adapted to Lake Volta, and a Ph.D. student
trained.

The Fish dynamics model ECOPATH has been adapted to Lake Volta, and a Ph.D. student
trained. The model can now be used for further scenario simulaimains future projects.

It was concluded from the study that gamghlity, longterm data is critical for any modeling work,
and this is a huge challenge in a data scarce region like the Volta Basin. Establishment of systematic
and continuous monitoring is recomnalexd.
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3.2.1.2The China-Ghana SouthSouth Cooperation on Renewable Energy Technology Transfer

Project
(Project Staff:Dr. E. O. Bekoél Principal Investigator,Dr. K. KankamYeboah, Dr. Mrs. Ruby Asmah, Mr.
Mark Akrong and Mr. Gabriel Appiah)

The studywas a collaboration between the Energy Commission in Ghana, the Ministry of Science and
Technology in China together with the UNDP Country Offices in Accra and Beijing. The Danish
Government provided project funds through UNDP China and it formed pagrwh@rk's support to
SouthSouth Cooperation, to enable coherent cooperation between China and countries in Africa, in
particular around the promotion of the UN's Sustainable Energy for All (SE4ALL) initiative. The
support did not transfer hardware per lsat focused on the institutional framework and capacity
required to make the local absorption of renewable energy technologies effective. It was initiated in
October 2016 and finalized in March 2017. The aim of the study was to address Ghana's need to
increase universal energy access by increasingraffcommunitybased electrification, increasing
the share of renewable energy, and promoting the productive uses of energy. The specific objective
was to develop selection criteria for Renewable Energy Téagyd ransfer in Small Hydropower
Project (SHP) or Mini Hydro (MH) projects, identify a site for possible development and conduct pre
feasibility studies for such site. The scope of work included:

i.  development of criteria for selecting mimydro sites;

ii. finalization of selection criteria for Small Hydropower Project (SHP) or Mini Hydro (MH)

development; and
iii.  feasibility study on identified projects.

During the reporting period, field visits were undertaken to identify potential sites. Likpe Kukurantumi
and Tsatsadu were visited with the assistance of Energy Commission and Ministry of Energy. Tsatsadu
was considered after consideration with Energy Commission, Bui Power Authority and Ministry of
Energy. All relevant past studies conducted on the selectechygro sites was collected. Visits were
made to Tsatsadwaterfallsto undertake measurements to obtain flow data (Fi§zel), water

guality data and other parameters required to determine the suitability of the site for power generation.

Figure 3.2.12 Measurement of discharge measurements on Rive
Dayi at Abehenease near Tsatsadu site

Proposed criteria identified for Ghana waased on the following three factors: a) technical, b)
economic and social, and c) technological. The details of tfegiarare shown below:

a) Technical
i.  The site must have a stream with a minimum head (2ih=
ii.  The water way length (L) to head (H) ratio L/H <25 for it to qualify as mini hydro project
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ii.  The flows must be able to sustain the scheme such that firm fidigsbetween 0-2.0n/s
(0.8mP/s<Q=< 2.0n¥/s) for 100km area (DOE, 2009c).
Iv.  The site must be easily accessible

b) Economic and Social

(a) Overall cost, operation and maintenance cost must be acceptable to implementers.

(b) Environmental and Social Impact Assessment (ESIA) report and a management plan should be
established for the chosen site.

(c) Permission documents e.g. project permit from required ministries to establish mini hydro
project must be acquired.

(d) Tariff regime forpayment ofenergygeneratectost must be economic and acceptable to all
parties, i.e. government and users of the power.

(e) Grid connection cost must be economical if it should be on grid.

() The SHP project must bring about social benefits to the peoplacandhpanying challenges
should be mitigated.

(g) Potential risk to the projects must be noted and planned for in ESIA document

(h) Project should establish good compensation packages through ESIA reports for displaced
persons should there be the need to regattiple.

() Community must accept the project.

() An SHP Policy and Legal backing document must be in existent.

c¢) Technological
(a) Type of Technology should be technically feasible and robust e.g. type of turbines etc.
(b) Design and construction of project haseowell planned, accepted and executed
(c) Operation and maintenance must be well planned for good sustainability

The Environmental and Social Impact Assessment (ESIA) was notddeni® the lack of fundsnd

the Tariff regime for establishment of such mirydro developments are yet to be undertaken.
However, the study facilitated exchange of expertise and technology between China and Ghana,
building on China's unique development experience. The study created an enabling environment for
technology transfeand promote the production of renewable energy technologies in Ghana with a
strong focus on private sector development and inclusion. The study, thus, supported broader national
sociceconomic and environmental objectives, most notably poverty redubtiongh employment
generation and supporting action on climate change mitigatlmntechnical details established from

the criteria established are shown in Téh21

Table 3.2.1 Technical details of Tsastadu Fall site

Technical Criteria Economicand Social Criteria Technological
Potential Accessibility| Flow(Firm |Head>4L/H<25 |ESIA Cost Economic |Social Tariff Technology
Site Discharge) |m? Benefits |Acceptability]Regime
Good between 0.4 Report  |Acceptable Acceptable?| Ease of |Human
-2.0 available’ operation |Capacity|
m%s/100kn?
Tsatsadya a a a ? a ? a ? a a

Despite the generally favourable regulatory and institutional environment, there were specific
chall enges hindering Ghanabés progress towards
developed and widespread use of energy for local econométogiewvent, and in this specific case,
pushing forward the renewable energy sector. At the downstream level, the prominent gap identified
was inadequate use and leverage of technical and research institutions.
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The study planned to establish key demonstngtirojects to highlight some of the lessons learnt from
the Chinese. As part of these plans, the study seeked to developre/dnmpower plant.

3.2.1.3Water Infrastructure Solutions from Ecosystem Services Underpinning Climate Resilient

Policies andProgrammes (WISEUP to Climate)

(Project Staff: Dr. Emmanuel Obuobié Principal Investigator, Dr. K. KankamYeboah, Dr. E. Obendekoe,
Dr. Barnabas Amisigo, Mr. Frederick Logah, Ms. Sylvia Amponsah, Mr. Collins Asa8tsu, Mr. Frank
Oblim and Mr. Gabrel Appiah)

The objective of the study was to increase adaptive capacity in the Volta Basin through recognition
and inclusion of ecosystem services provided by natural infrastructure in investment strategies for
climate change adaptation and through optatden with built infrastructure planning and
development. It was a collaboration with the International Union for Conservation of nature (IUCN),
University of Nairobi (ACCES)International Water Management Institute (IWMl), Basque Centre
for Climate Chang (BC3), Manchester University (MoU), and Overseas Development Institute. (ODI)
Major activities carried out during the reporting year included:

I.  generation of future streamflows for system modelling;

i. development of capacity of project stakeholders and partners; organization of action learning

meetings;

iii.  field visits for data collection and equipment maintenance;

Iv.  stakeholder meetings; participation in project planning meetings in London;

v. submission oWWISE-UP phase 2 concept for funding; and

vi.  participation in COP23/TANA Action Learning meetings.

Generation of future streamflows for system modelling:the SWAT hydrological model was
adapted to the Volta Basin in calibration and validation processesaddpted model together with

future climate scenarios were used to generate scenarios of future streamflows that served as inputs tc
the water resources system modelling work led by Manchester University.

Capacity development of stakeholders and projegpartners: Two capacity development events
were successfully organized during the year under reviewed. These were (i) water infrastructure trade
offs: enhancing capacity for dialogue and water use decisions (ii) water resource system simulating
and visualzation.

The water infrastructure tragdfs workshop was jointly organized and facilitated by the C®IRI

and University of NairoBACCESS. It was held at the International Conference Center of the
University for Development Studies, Tamale, fronf'26 28" July 2017. The aim was to enhance
capacity of water resources decision makers and users to make optimal decisions regarding water use
and infrastructure mix and thus avert imbalances and other conflicts. The workshop brought together
28 experts andrpctitioners from various sectors (Water, Environment, Energy, Agriculture, NGOs,
private sector and civil society) working in the Volta Basin in Ghana.

The water resource system simulating and visualization workshop was held ffoo288 September

2017 at the Eastern Premier Hotel, Koforidua. It was organized by the-\WWRIReam and jointly
facilitated by the CSIRVRI team and the University of Manchester, UK. The overall objective of this
training was tosupport climate change adaptation planninghe water sector bgnhancing the
capacity of stakeholdets use water resources system models to evaluate alternative options for water
resources development, management and allocati. technical staff of government
agencies/departments, researcétiiations, universities and project partners from the International
Water Management Institute, attended it
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Action Learning (AL) Meetings: In the review period, th€SIR WISEUP project team organized

and hosted two rounds of action learning meet{figh and sixth rounds of meetings). The fifth AL
meetings were held at the Fiesta Royale Hotel, Accra, on"ttam@ 4" April 2017. The objectives

were to (i) are preliminary project results and stimulate thinking on the value of the results and thei
relevance/applicability to participants; (ii) get guidance from participants for shaping further research
to maximise relevance and applicability of project in the Volta Basin; and (iii) receive feedback from
participants on the action learning procdssuigh the completion of a questionnaire during the forum
meeting. The meetings were successful as attendance was over 90% of the full group members anc
participants engaged actively in all sessions and discussions.

The sixth and final action learning etengs were held on the 2@&nd 38" November 2017, at the
Golden Tulip and CSIFSTEPRI, respectively. The main meeting held ofild@vember was attended

by 61 participants from government ministries, agencies and departments, basin agency, NGOs,
privatesector, research and academia, from Ghana and Burkina Faso. The objectives of the meeting
were to bare final project key findings and key messages for stakeholder validation and feedback;
elicit feedback from participants on the Action Learning processers WISEUP and overall
reflections on the project; and share ideas and continue discussions around a potentid PVZIBE

2018.

Field visits for data collection and equipment maintenanceA final data collection for the political
economy work packagef the project was undertakémm 27" March to 4" April 2017. The week

prior to the period was used for preparing the data collection guide. Interviews were conducted with
15 organizations (government agencies, NGOs, Donor organizations, UNDP, macite
organizations) to collect data on governance, decisiaking process, financing, etc., relating to water
infrastructure investment for multiple objectives (nexus, climate change adaptation). The
information/data were needed to fill gaps in thetpal economy analysis of the project.

Three (3) field travels in January, February and October 2018 to the project instrumented sites at
Pwalugu, Bissigu and Arigu in the Northern and Upper East Regions were undertaken to collect
hydrological (streamflowgroundwater level, dam water level and soil moisture) and meteorological
(e.g. rainfall, temperatures) data and also to carry out regular maintenance works on the installed
equipment.

Stakeholder meetings in BolgatangaTwo meetings were organized filie project stakeholders in

the Northern and Upper East Regions in the reporting period. Both meetings were held at the Extee
Crystal hotel, Bolgatanga. The first meeting was held dhPébruary 2017. The purpose was to
update stakeholders at the regionaand di stri ct administrative |
results and to obtain feedback for improving the final delivery of the project. The second meeting, held
on 13" December 2017, was the final meeting of the project. The objective Waaréofal project

key findings for validation and feedback and to continue discussions around a potentiaU®/BE
Government agencies and departments at the district and regional levels, NGOs and the private sectol
attended both meetings

Project planning meetings in London During the period of reporting, 2 project planning meetings
were attended in London. The first meeting was held frofit@ 25" February 2017 in the offices of

the Overseas Development Institute while the second was hel®from7" July 2017 in the offices

of the University College, London. The objectives of the first meeting were to (i) share progress made
by each partner in the previous year, and (ii) plan project activities for the 2017 year, including the
plans for jont field data collection by partners in Accra and Pwalugu. The second meeting was focused
on (i) discussing and drafting key findings/messages for stakeholders, (ii) Discuss final project
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meetings planned for November in Kenya and Ghana, and (iii) Disoussnunication and
dissemination of project outputs throughout the final 6 months and beyond the closing of the project
(e.g. COP23, SWWW 2018, etc.)

Submission of WISEUP phase 2 concept for fundingin the period under review, the CSIRRI

team workedvith other consortium partners to develop a concept for phase two of the WAS&

Climate project which was submitted to the International Climate Initiative of the German Federal
Ministry for Environment, Nature, Building and Nuclear Safety for conatitar and funding. Titled
WISEUP 2.0: Adapting River Landscapes to Climate Chatige proposed project was designed to
deliver longterm countrydriven adaptation benefits using the natural functions & benefits of
ecosystems to deliver social, environriam@and climate services. It will focus on NDC priorities and
vulnerable people using cuttigglige science to transform Ecosysteased Adaptation (EbA) into a
scalable option for climate investment in 5 countries (Ghana inclusive) with similar climeagsthr

and shared borders. Driven by a broad and diverse local, national and international partnership, the
project would identify where EbA could deliver a range of climate, water, development and
biodiversity benefits. It would create a pipeline of rolatakeholder accepted EbA projects in river
basins and invest directly in their design, implementation, and monitoring and evaluation. It would
leverage private and public finance using access to other climate funds to scale EbA to an effective
and transfanative approach to economic development and climate response.

Participation in COP23/TANA Action Learning meetings: UNFCCC climate change conference

was held in Bonn, Germany fro6Y to 17" November 2017. Together with relevant staff of EPA
Ghana, negattions on the financing of National Adaptation Plans (NAPs) on behalf of Ghana were
undertaken. WISHEJP side event also took place on Thursdajevember 2017 at the IUCN Pavilion

in the Bonn zone. The event included short presentations from expediimae financing of
ecosystem based adaptation solutions, climate risk insurance, water infrastructure investment tradeoff
analysis, as well as a panel discussion on the presentations. The event was well attended, with a tota
number of 31 participants.Uxherous presentations and panel discussions on water, food, energy, and
environment issues were also partaken.

The last action learning meetings of the TANA Basin held dh &8l 24" November 2017 at the
Intercontinental Hotel, Nairobi, Kenya was p&ga to learn from our colleagues at ACCESS as well
as the basin stakeholders.

3.2.1.4Performance of aNatural Wastewater Treatment System

(ProjectStaff: Dr. E. D. O. Ansai Principal Investigator,E. Boatengand S. Ackon)
The Waste Stabilization Pon@/VSP) located at Legon was recently commissioned. It receives
influent wastewaterfrom the University of Ghana, University of Prdessioral Studes,
Presbyterian Boys Seandary School, Junior Stdf Quarters of theUniversity of Ghanaand Achimota
School aswell as residences in the neighbourhood. The influent wasteViaeby gravity from
break pressuremanhdes into a screening chamber, which removes the solids before,it
entergheanaerobic ponds.Thefina effluentis discharged into theOnyeaseStream. The objective of
the study wasat assess the performance of the WSP and its impact on receiving waters

In the year under review, using a handheld adjustable sampler, samples were taken for
influent and final effluent concentrations for the analysis of pH, temperature, turbidity,
TSS, BOD, COD, DO, phosphate, ammonia nitrogen and TSS according to Standard
Methods. Additionally, samples of influent and effluent of each pond was take. fooli

and feacal coliform EC) concentrationsonce a month using spread plate technique on
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chromacult agar incubating at 35-37°C for 24 hoursfor a colony count. Maao-invertebrate samples
in the Onyease stream werecolleded with ahandret o f 2 9nBshsire over 1 square metre area.
Four (4) replicateswere colleded downsteam and another four upsteam the point of discherge.
The samples were preserved in 70% alcohol for identification and couniedunder the mcroscope
using identification keys Studends t-testand one-way analysis of variance of SPSS was usedto
compare bacteria concentrations and decay rates respedively. Maao-invertebrate abundance and
diversity was cdculated using the Plymouth Routies in Multivariate Ecologicd Research
(PRIMER) version 6.0 software. The divesity of the macraeinvertebrateswas cdculated usingthe
Si mp s oansdysnded i v

Final effluent concentration of BOD and TSSwere 1.7+1.2and 10.1+43 mg/l representing overall
removal efficiencies of 98.7 and 98.6%, respedively, and meeting EPA Ghana guidelin€serall
log removal of FC and E. coli were 98.4 and 99.8%tespedively (Table3.2.9. Themean diversity
upsteam was0.11+0.09while the downsteam was 0.14+0.05 and these werenot statistially
different. The pesence of maao-invertebrate families of ElImidaeand Libellulid ae downstream the
point of dicharged is anindication of goodwater quality, suggesting no adverse impantthe stream

Table 3.2.2: Characteristics of influent and effluent

Parameter Influent Effl uent ;ﬁggi{/ %) Ghana EPA guideline
pH (pH unit) 6.97.5 (12) 6.97.7 (8) 6-9

Tempeature (°C) 29.8+0.7 (12) 29.4+0.5 (8) <3 °Caboveambient temp.
Turbidity (NTU) 475.2+118.1 (9) 17.8+7.0 (8) 75.0

TSS (ny/l) 303.2+140.1(12) 10.1+4.3 (8) 98.6 50.0

BOD (mg/l) 133.9+67.4 (7) 1.7+1.2 (4) 08.7 50.0

COD (mg/l) 328.0+47.9 (6) 8.5+9.7 (6) 25.0

DO (mg/l) 0.4+0.1 (8) 6.4+0.7 (6)

PO4-P (my/l) 1.9+0.5 (9) 0.07+0.0 (9)

NH3-N (mg/l) 36+0.8 (9) 0.05+0.0 (8)

Faecd coliform 0 w108433x10"  [4310%84x10°  gg 4 10°

(cfu/200ml) (7) (7) '

E. coli (cfu/100ml) 2(36;)8x107il.8x107 (1é§5x103il.1x103 99 8 103

*WHO guideline for unrestrictetrigation

3.2.1.5UNICEF Water Safety Plani A Baseline Pilot Study

(Project Staff:Dr. E. D. O. Ansai Principal Investigator, Mr. Mark O. Akrong, Mr. Mohammed Bello and

Mr. Serlorm Borbor)
In most developing countries, access to safe, quatiitking wateris a challenge and where portable
water exists; there are usually challenges with its maintenance. Issues of maintenance may include
water quality as well as financial management. The World Health Organization proposes the institution
of a Water Sadty Plan (WSP) for preventive riskanagement, whickequires the identification of
risks to drinkingwater safety, prioritising and protecting drinkingiter quality as well as putting in
place measures involving regular monitoring of water quality. Hahepurpose of the study was to
provide baseline data on the water quality of selected sources of drinking water in some selected
communities (Water Safety Plan Communities) and control communities (that is those without Water
Safety Plan Systems).
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A total of fifteen (15) communities (10 WSP communities and 5 control communities) were sampled
for quality assessment (FiguBe2.2 of the sources of drinking wataNater samples (500mL) were
obtained from standpipe outlets after flaming with absolutar®| to sterilize and also from
households. Water samples obtained from these communities were analysed for Residual Chlorine,
Total Coliform, Faecal Coliform anBscherichia colicounts. Other relevant information was also
obtained.

PR

a el Lttt : b / £
Figure 3.2.2 Sampling of community drinking water (a) and water at a pumping station (b)

It was observed from the study thaater collection points that were not frequently in use had high
Coliform counts. None of the water samples collected from the 150isgnhgcations had residual
chlorine concentration conforming to the Ghana Standards Authority recommended value of minimum
of 0.2mg/l. Coliform levels above World Health Organization and Ghana Standards Authority
recommended levels were observed at 10®emeollection points (72%) suggesting inadequate
treatment of water or contamination by foreign mateWdhen a water safety plameasuresvould

be put in place to address those observations.

3.2.1.6CSIR-COTVET Roof Rainwater Harvesting (COTVET-RWH) 1 Transfer of RWH

Technology to the Private Sector
(Project Staff: Dr. B. A. Amisigoi Principal Investigator, Mr. F. Y. Logah, Dr. F. AmtMensah, Dr. K.
KankamYeboah and Mr. F. Oblim)

The main goal of the study was to transfer an improved and innoRdingvater HarvestingRWH)
system developed at the CSWRater Research Institute to the private sector. Installation of RWH
systems in private homes and larger buildings of both private and public institutions such as schools
and hospitals is mainly a pete sector activity. Hence, the specific objectives were to train 11 artisans
in:
i.  RWH system assessment and costing, system components selection and acquisition and
installation of systems with installations at 5 beneficiary households in GAMArg3g2.3)
ii.  Good record keeping
iii.  Project management
iv.  Best business practices

During the reporting year, assessment and cost estimates of 2 RWH systems were made and
beneficiaries paid their part of the system cost to the Institute. RWH systems were fully iristalled
the 2 households by the artisans under the su
to 5 the total number of installations completed. Installation periods for the five beneficiaries spanned
from 12" May 2015 to 1% June 2017 (Tabl8.2.3. A total of five (5) out of the planned six (6)
household systems were installed as it was difficult in getting the other to settle the down payment
early enough for installation to take place. Four (4) of the beneficiaries are located withiaMiAe G

whilst the fifth beneficiary is located at Tutu near Aburi in the Eastern Region of Ghana @R&)Gre
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Figure 3.2.3 Locations of beneficiaries of the RWH system installation

Table 3.2.3 Overview of the RWH systems installedor the beneficiaries

Beneficiaries N L . Type of RWH Date of installation
eneficlanes Name ocation System Installed Start End

Dr. Osam Duodu Batsona Advanced 12/05/2015 | 27/05/2015

Mrs. Mary Masopeh Ayawaso Basic 05/11/2015 | 10/12/2015

Dr. Elizabeth Larte-Biokorshie Advanced 09/11/2015 | 10/12/2015

Acheampong

Dr. Emmanuel Bekoe | Ashongman Intermediate 02/12/2015 | 12/04/2016

Dr. H. Dankwah Aburi/Tutu Basic 12/06/2017 | 16/06/2017

Two of the beneficiaries opted for the advanced systems for cost effectiveness, water availability inside
the house and the advantage of accessing potable water from the UV disinfection systems. One and Z
of the project beneficiaries also opted for thetahation of the intermediate and basic systems,
respectively. Some field activities with the installation of system components by the artisans are shown
in Figures3.2.43.2.6 At the end, eleven (11) artisans participated and were trained in the complete
installation of the RWH systems for the beneficiaries.
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Flgure 3.2.6 Artlsans creating connectlon into the underground storage reservoir

Interacting with beneficiaries after the installation of a complete RWH system (Bgurebrought
to the fore that the beneficiaries of the complete RWH system had basic knowledge about the quality
andthe purpose for which they were harvesting the rainwater. These included gardening, washing
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(plates, clothes, vehicles, etc), bathing, cooking and for other potable domestic uses. The beneficiaries
were also educated on the basic steps of monitoring amdenance of the installed RWH systems.

Figure 3.2.7 Project staff interacting with beneficiaries of the RWH system after the installation

Feedback from the beneficiaries revealed that, all installed systems provided enough harvested
rainwaterfor use for several months as storage tanks did not run dry throughout the monitoring period.
In addition the water collection, conveyance and storage components of the systems functioned
properly and as designed. In the end, the beneficiaries appdethiatevork done by the artisans in
collaboration with the Institute. They also agreed that the installed systems provided would be useful
in promoting RWH system in the country.

It was concluded from the study that the study successfully built the gapédii artisans in the
complete installation of RWH system, good record keeping, project management and best business
practices. In addition, the study had made important contributions to the realization of the objectives
of the National Rainwater Harvasg Strategy (NRWHS).

3.2.1.7UK-BRAVE 2 PROJECT 1 Building Understanding of Climate Variability into Planning

of Groundwater Supplies from L ow Storage Aquifers in Africa
(Project staff: Dr. William A. Agyekum Principal Investigator,Mr. Collins Okrah, Mr. James Sorensen, Prof.
David Macdonald, Prof. Rosalind Cornforth and Prof. Anne Verhoef)

The study was initiated in collaboration wiBritish Geological Survey (BGS), Africa Climate
Exchange (AfClix), University of Reading (UoR, UKJSIR-Water Research Institute (CSIRRI),
Ghana Meteorological Agency (GMet), CARE International, WASCAL and University of
Ouagadougou talentify a study catchment within northern Ghana and undertake baseline physical
surveys, install and maintain momitg equipment and undertake necessary additional measurements
throughout the project. It was also aimed at:
i.  contributing to the regional mapping of groundwater supply vulnerability to climate change in
northern Ghana, including assistance with the sograinnelevant datasets as required;
ii.  contributing to the development of conceptual models of groundwater recharge and flow in
basement aquifers in northern Ghana;
ili. assisting in the identification and instrumentation of groundwater monitoring sites to be
incorporated into the RainWatehfClix as Drought Early Warning System,;
iv. attending one international conference in Africa to present the outputs of the project; and
v. providing the University of Reading Principal Investigator with information necessary to meet
the reporting requirements of the UPGro Programme funders.
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The year under review commenced with-d&¥ Annual General Meeting at La Palm RoBakch

Hotel in January2017 to evaluate the progress of work done and strategized to meet target. Two
monitoringboreholes at Bawku and Bonia in the White Volta Basin were installed with barometric
and logger divers. Moreover, two wells in Jawani (East Mamprusi District) and Taringanga (Garu
Tempane District) were also selected for daily manual monitoring of grotedeeels. Collaborated

with WASCAL staff in Bolgatanga to map out all the ECG power supply lines within the project area
to confirm the selected points for drilling using thB Resistivity equipment. Welve(12) monitoring
boreholes (comprising 4 de@pd 8 shallow onesyere drilledat both Aniabisi and Nazinga project

sites in Ghana and Burkifeaso. Four (4) deep and six (6) shallow boreholes were drilled in Ghana,
whilst two (2) shallow wells were drilled at Nazinga in Burkiraso. Carried out stggumping test

on all the twelve (12newly drilled boreholes. Thisvasto enable the selection of the optimum
discharge rate for the lostgrm pumping test of the boreholes. Installed five (5) automaier
recordingdivers on the dri#d boreholes (shalw & deep).This wasto obtain the actual water level
fluctuations from both the neaurface and deep groundwater. Began with manual water level
recordings on the remaining seven (7) drilled boreholes using water level indicators at the two project
areas in Ghana and Burkifr@so. Thisvasto compare the water level fluctuation results obtained
manually with those that are recorded automatically from the divers. Purchased surface pump to enable
dewatering of the water in Rtoff tanks at Aniabisi project site. Provided Anfronobile phone to

Field Assistants to enhance data capturing and quick transfer of data. A Mobile App is being installed
for smart phone, which uses the measurement of the LAl of the different crops across the catchment.
Three different land use typesAatiabisi of plot sizes 4x20m were constructed to measure runoff with

a 4x1m and 8x1m concrete collecting tanks. Lysimeters were installed on each of the three different
land-use types at Aniabisi and one in Nazinga to measure groundwater recharge. piefiies| of

soil moisture access tubes (maximum of 2m depth) in a series of transects across Aniabisi were
prepared with three automatic sentek diviner utility for soil moisture installed in three different land
use in Aniabisi and one in Nazinga. ElezatiResistivity Tomography (ERT) was carried out along 6
traverselines of 1600m each. The electrode spacing of 20m was used with-dipole electrode

array and provided capacity building to Earth Science students of the University for Development
Studies (UDS), Navrongo Campus (FiguBe2.8. Detailed survey in 3D and higher resolution was
carried out along 7 parallel traversges of 300m long and 10m apart. This was located at the
downstream portion of the runoff plots across the stream channetldnto map the location of the
electrodes, the GPS coordinates were measured with Differential GPS equipment3Rigureith

relative high accuracylhe boreholes were located in a cluster of foudé2p and &hallow) at 5m

apart to each other tousty connectivity of the aquifer system at both the upstream and downstream
sections of the terrain. One shallow borehole was located near each runoff plot at Aniabisi Site. The
test was conducted in stepgl per borehole of 45 min per stapprogressiveatesof 15 [pm. During

the pumping at a borehole, the other boreholes in the immediate surrounding were observed
periodically to assess the degree of influence of the aquifer system. After pumping, recovery
measurement was carried out for the pumpingthedbserved boreholes. The growth rate (Figure
3.2.10 and transpiration (Figurg.2.1) of plants were monitored using linear scale and porometer
respectively to assess the swmibisture depletion by means of evaporative loss of water from the
unsaturatd zone of the topsoil.
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Figure 3.2.8 Field team using Terrameter LS Figure 3.2.9 Measuring GPScoordinates
equipment at Aniabisi Site, Supporting Earth and elevations of allelectrode location
Science Students from the University for

Development Studies (UDS), Ghana

Figure 3.2.10 Various plant species beig Figure 3.2.11 Porometer used in measuring
monitored for growth stomata conductance of plants

3.2.1.8Assessment othe Groundwater Potential to Select Borehole Drilling Points at Proposed
School Site and Plantation Site irAkim -Asuom, Birem-North District
(Project Staff: Mr. Collins Okrahi Principal Investigator, Dr. Anthony A. Duah and Dr. William A. Agyekum)
The pupose of the study was to determine the existence of fracture development within the underlying
basement rock of the AkirAsuom, BiremNorth District with the view to drilling a borehole that
could yield considerable quantity of groundwater for irrigatiod achool block construction. The
rock types of the area were sediments of sand and clay with some intrusions of volcanoclastic rocks
(Figure3.2.12. The scope of work included carrying out reconnaissance and geophysical survey to
identify zones of highmpundwater potential and select suitable sites for borehole drilling, carrying out
borehole drilling and construction activity, conducting pumping test of successful boreholes and water
guality analysis, acquiring pumps and accessories and installingthra boreholes, and submitting
of final report.

The work carried out consisted mainly field reconnaissance survey and geophysical investigations
(Figure 3.2.13. An integrated geophysical technique involving Continuous Vertical Electrical
Sounding (CVE$ on Electrical Resistivity Tomography (ERT) and Vertical Electrical Sounding
(VES) techniques in the Schlumberger Configuration were used for the studies to determine a suitable
conductive point for drilling. The results of the geophysical investigatimtisated that the area
consisted of moderately weathered-sabk overlying thick aquifer expected to obtain high yielding
groundwater. The aquifer was located within the fractured bedroe&5 h8)and he depth to aquifer

was about 12 mwith subrock of about 35 m deefFigure 3.2.14. The site was characterized by
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varying thickness of overburden ranging between 7 and 50 m hosting the aquifé@ireotezrain was
underlain by four geological strata with varying apparent resistivity values (F&Rrg5. The

groundwater potential was expected to be {igmoderate depending upon the selected point for
drilling. At the end of the study, it was recommended that drilling should be carried out at the exact

points selected to ensure successful drillindheflioreholes.
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3.2.1.9Groundwater Assessment of the Upper West Region of Ghana

(Project Staff: Dr. William Agyekuni' Principal Investigator, and Mr. Evans Manu)
The study was carried out to assess the availability, quantity, quality, suitability and movement of
groundwater resources in the UppEest Region; develop singfgrameter groundwater maps to
show the spatial distribution and variation of groundwateragttaristics in the region; develop a
composite hydrogeological map for the region comprising the integration of all the-garglaeter
groundwater and water quality maps; produce a comprehensive groundwater assessment report for the
region; and asseshe future trends of groundwater resources sustainability, suitability and water
development and utilization in the region. Activities carried out during the reporting period included
compilation of borehole data from various governmental and private aeg@ms as well as drilling
companies in the region; analysis of borehole data to obtain present and future trends in groundwater
resources utilization in the region; and preparation of sipgtameter groundwater and water quality
maps such as boreholéeld maps, borehole depth map, static water level (SWL) map, maps of
chloride and iron concentration in water, etc. Hydrogeological data on 2,458 boreholes that have been
generated by various drilling agencies since 1974 were compiled, collated and dariatytee
groundwater potential assessment study of the rediofew of the maps deleped within the
reporting year are shown in Figur22.163.2.19
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Figure 3.2.16 District map of Upper West Figure 3.2.17 Geological map of Upper West
Region Region

Figure 3.2.18 Borehole yield map of Upper West Figure 3.2.19 Map of static water levelsi Upper
Region West Region
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