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ABSTRACT

Responsibleaend sustainable aquaculture in Angol a
important objectives as a means increasing food security and economic development. This
study provides a clear understanding of the current status of aquaculture in Angola and
describedifferent aspects that shall be considered for suitable and viable aquaculture
development. In order to achieve this goal three objectives were developed. The study
evaluated 11 native freshwater species, previously considered by Fishbase and selected as
suitable for inland aquaculture in Angola. The evaluation process was carried out using
three different phases. Growth performance, reproductive biology, feeding habits and
market value were the criteria used to select the suitable species. Howevas, shieick

of information regarding the biological characteristics of most evaluated spélagas
gariepinus Oreochromis andersonandTilapia rendalliwere selected as the best species

for inland aquaculture. Suitable areas for rural and industgadailture in Malange
province of Angola were identified. Critical constraints in place and the main factors
necessary for successful of aquaculture operation including social, economic, production
technology as well as environmental aspects were condif@rehe future aquaculture
development. The inland aquaculture checklist for Angola including, site selection,
species source, business planning, environmental impact assessmesjuandlture
licensing requirements was developed. This document prowvittgsnation and assesses

the different aspects required to develop an aquaculture project.
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1 INTRODUCTION

The development of aquaculture in Angola is necessary to offset the overexploitation of
natural aquatic resources in the country. Aquaculture can also contribute to the
diversification of industry especially in rural areas. Expansion and adaptation of
sustainable aquaculture in rural areas by supporting integratedssalalloperations can
increasefood security, provide alternative means of income and thereby reduce poverty.
A well-coordinated and planned development effort is needed to bring about significant
increases in production. To achieve this, public investment will have to be made in
infrastructure, in institutional frameworks, in extension and seed supply services, and in
research and training programmes. The Action Plan for Fisheries and Aquaculture
Development in Africa NEPAD 2005) recognised the vital contributions of inland and
marinefisheries to food security, poverty reduction and economic development in the
African continent. This plan has also recognised the growing opportunities and emerging
successes of aquaculture development. The Framework of the Comprehensive African
Agriculture Development programme (CAADP) has identified the primary areas for
investment in aquaculture as:

- Developing a sectewide strategic plan at the national level for expansion and
intensification of aquaculture.

- Supporting priority aquaculture zones.

- Enomuraging private sector investment across the sector.

- Applying proven technologies to increase production.

- Maintaining the competitive advantage th
aguaculture production.

- Harnessing opportunities for the development sofiall and medium sized
enterprises provided by expanding domestic markets for fish, including growing
urban demand.

- Supporting the emerging regional trade in aquaculture products.

- Harnessing the opportunity of expanding export markets forvagie produts
to increase investment in African aquaculture production and processing.

- Expanding the adoption of integrated snsalhle aquaculture as a means of
increasing rural productivity and food security.

- Exploiting the potential of aquaculture production tatcibute to food security
programmes.

Aquaculture production in Africa has increased by 60% over the previous decade; and
contributes 0.4% of t he eawalr200#)0 $he treod ia | prod
aquaculture production in Africa over the pastatkx; according to Fishstat (2005) is

shown in Figure 1.
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Figurel: Aquaculture production in Africa (Fishstat 2005).

The greatest increase in production in Africa has been since 1998. Egypt is the most
important aquaculture producer in Africa producing 445 mt in 2003. Nigeria and
Madagascar are also important aquaculture producers3witit and 9 mt respectively
(Fishstat 2005).

The majority of the infrastructure used in African aquaculture was introdincedgh
international technology development and transfer projects, but the current state of most
research, development and extension in Africa is poor. Low levels of annual expenditure
have rendered national and regional programmes more or less incapalaleaging the
growth of the industry. A large percentage of governmental aquaculture facilities are
either abandoned or currently dysfunctional for various reasons (Euglt£2004).

Many authors strongly suggest that governments should encourageulageac
development based on native species first. If exotic species are to be introduced,
governments should ensure that adequate safeguards are put into place (Stickney 2000).
Research in the past was focused on the adaptation of the culture of exxés gpéocal
conditions, but has since gradually moved towards the development of culture methods
for native species (Van der Mheen and Haight 1994). Southern Africa has a wide variety
of native fish species and several of these have been studied ahtbtrequaculture
production. The decision about which species to use in aquaculture depends mainly on the
environmental conditions and scale of the aquaculture enterprise.-stalallrural fish
farmers mostly use species that are promoted by aquacaiitirerities. However large

scale farmers have access to exotic species (Van der Mheen 1994).

Suitable fish selection for aquaculture is one of the most relevant aspects to be considered
in the aquaculture sector. In Angola identification of native speeaj@propriate for
aquaculture is of great importance because some legal restrictions are imposed on the
importation of aquatic species in order to safeguard native fauna and flora, protect
habitats, and prevent the introduction of animal, plant and hunseasgés (Angola

UNU Fisheries Training Programme 7
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Parliament 2004). The current status of native species of Angola is uncertain, there is an
acute need to do research on native fresh water species and develop plans to conserve the
species that are threatened (Vanden Bossche and Bern883gk 1

Environmental issues related to aquaculture and requirements for Environmental Impact
Assessment (EIA) are defined in the Angolan Aquaculture Regulations. The general rule
is that the establishment of new aquaculture enterprises is subject EbAarThe
Regulation states that any project proposing, amongst others, the cultivation of living
aguatic resources, and the installation of plants for the processing of those resources is
subject to an EIA. The negative environmental effect attributedjuaculture has most

often resulted from poor planning, inappropriate management procedures and lack of
attention to mitigating environmental effects (Lucas and Southgate 2003). Haylor and
Bland (2001) describe the benefits of integrating aquaculture ural development.
Environmental impact includes aquatic pollution, disease, mangrove deforestation, salt
intrusion, impact on seed supplies, species introduction and reliance on exotics, concerns
over biodiversity and genetics, negative environmental pgores and pressure from
lobby groups, and rapid and unplanned growth. Social impact includes exclusion of the
poor from participating in, or enjoying the benefits of, aquaculture production (Lucas and
Southgate 2003). Aguaculture requires a detailed shedgre decisions about major
investments are made

1.1 Rationale for the project

The expansion of aquaculture in Angola will produce significant social and economic
benefits and provide new employment. Although it is in the national interest to encourage
both research and production, a careful review of developments is necessary to ensure
optimisation of the national potentiaMinistry of Fisheries2003b). The existing
legislation favours native species over exotic species to protect and conserve tite aquat
biodiversity and the fish populations in the natural water bodies. To achieve this it is
necessary to develop available technologies to cultivate native species with potential for
aguaculture and create a rational framework to select appropriate spies. Research

is required to determine optimal conditions for culture, and to improve local research
capacities (Ministry of Fisheries 2004).

1.2 Objectives

This project focuses on the continued development of inland aquaculture in Angola. The
overall olectives of this project are to:

1. Evaluate potential Angolan native species for aquaculture and select suitable
species for inland aquaculture.

2. ldentify the main criteria for the development of an initial checklist for inland
aquaculture development.

3. Analyse relevant data from Malange province to identify and evaluate the areas
that are most suitable for rural aquaculture by local communities and for industrial
aguaculture facilities.

UNU Fisheries Training Programme 8
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2 BACKGROUND
2.1 Angola

Angola is located in Southern Africa and has a serfarea of 1,246,700 KmThe
country borders the Atlantic Ocean to the west with a coastline of 1,600 km. Angola has
common borders with Congo and the Democratic Republic of Congo in the north, Zambia
in the east and Namibia in the south. The countrylBagrovinces; Cabinda province in

the north is separated from the rest of the country by the Congo River (Figure 2).

SOUTH
ATLANTIC
OCEAN

NAMIBIA
BOTSWANA

Figure2: Angola geographic location (Country Reports Org 2005).

The climate in Angola is tropical, with wand dry seasons that vary little in maximum

and minimum temperatures. While it is very hot and rainy along the coastal regions, the
inland areas are milder. In the northern half of the central plateau there are humid tropical
conditions and in the highegions of the south, a dry tropical climate prevails. The
northern part of the coastal plain is humid, while the centre and the southern part are
affected by the relatively cold Benguela current and gives a temperate character to the
coastal regions. In &interior highlands, the rainy season lasts from November to April
followed by a cool dry season from May to October. Rainfall is high in the north and in
the central highlands (average 1,25@50 mm) and decreases rapidly along the coastal
plain (averag 2561000 mm) (FAO 2004).

UNU Fisheries Training Programme 9
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2.1.1 Angola freshwater system

Surface water resources are relatively abundant (Table 1). The major river systems in
Angola are composed of the Zaire River Basin, where major tributaries include the Kasai
and Kwango rivers, the Zamazi River Basin with the headwaters of the Zambezi and its
tributaries and the Lungue and Kuando rivers, with some 20,000 km2 of floodplain, the
Okavango River Basin, with the Kuito and Cubango rivers, the northern coastal rivers,
chief of which is the Kvanza River and the Cunene River Basin, including 15,000 kmz2 of
the Ovambo floodplain (Figure 1). The major rivers total over 10,000 km in length, not
counting small streams (Vanden Bossche and Bernacsek 1987).

Tablel: Summaryof inland freshwater potential in Angola based on information from
FAO (2004).

\ Province | Number of main rivers || Number of lakes |
 Bengo 12 .8 |
| Luanda |2 |6 \
| Kwanza Sul |12 9 \
| Namibe 3 2 \
| Huila |6 |8 \
| Kunene | 4 |2 \
| Kuando Kubango 32 31 \
_Bié 117 L7 |
| Moxico |13 | 22 \
| Malange 7 [ N/A \
| Lunda Sul |10 | 4 \
‘ Lunda Norte H 30 H 2 ‘
‘ Kuanza Norte H 2 H 30 ‘

Y(Ministry of Fishery 2003a)
N/A- No available data

Floodplains with numerous small lakes occur along the lower reaches of many of the
rivers, discharging westward into the Atlantic Ocean (FA@M4). There are no large
lakes, but there are numerous smaller bodies of water associated with the floodplains of
river systems in the south and east of the country (Vanden Bossche and Bernacsek 1987).
The provinces of Kuando Kubango, Malange, Lunda &JoBié, Moxico and Kuanza

Norte would seem to have the greatest potential for developing an active inland fisheries
sector (FAO 2004).

UNU Fisheries Training Programme 10
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Figure 3: Main river basins of Angola based on information in Vanden Bossche and
Bernacsek (187).

2.1.2 Freshwater species

Angola has several fresh water species with high value in the local market, but very little
knowledge on their potential for aquaculture. These species have contributed significantly
to fish catches from Angolan rivers and smalddees. Fishbase (2005) offers information

on more than 255 freshwater fishes for Angola in terms of their biology and geographical
distribution. Tilapia sp.is the most important and abundant freshwater fish, and in terms
of breeding has produced cheapnzal protein from rural aquaculture. Other possible
species include catfishClarias gariepinuy and fresh water prawnM@acrobrachium
rosenbergi) (Ministry of Fisheries 2003a).

2.2 Overview of the aquaculture sector in Angola

The existence of abandoneduaqulture facilities in some provincexluding Malange
confirms that aquaculture started before independence, with rudimentary technologies and
under initiative of the private sector (Ministry of Fisher®#¥3a).Further the eport of
Vanden Bossche anBernacsek (1987) confirmed that several -fisifture facilities
existed in the last two decades. According to FAO (1994), there are no production records
from the stations or the farms. In 1977 culture of common daypr{nus carpi¢ and

grass carp Gteropharyngodon idellp was attempted, without success. In 1992, five
undrainable ponds were stocked with tilapia obtained from a river north of Luanda.

UNU Fisheries Training Programme 11



Silva

The aquaculture sector has experienced a number of difficulties and drawbacks in the
past, mainly due to igh cost of investment and inadequate training of personnel
(Giudicelli et al. 1987 as quoted in Vanden Bossche and Bernacsek 1987). However,
according to Vincke (1989 quoted in Vanden Bossche and Bernacsek 1987) there was
some development of inland aqubiate for Tilapia sparrmanii The only aquaculture
production recorded since 1982 is 7 tin 1983 and 2 t in 1985.

In 2003 the responsibility for aquaculture was transferred from the Ministry of
Agriculture and Rural Development to the Ministry of Fisherigince 2003 the Ministry

of Fisheries has established a technical site visit programme in inland and coastal
provinces to study and assess the potential for aquaculture development. At the national
level, aquaculture development expertise from Israelgoglavia and Vietham has
contributed. These experts carried out studies to identify the potential species and areas
for aquaculture. However, technical services have recently been put in place by the
government in the form of thénstitute of Development foArtisanal Fisheries and
Aquaculture (IPA)

2.3 Current situation of inland aquaculture in Angola

The Institute of Development of Artisanal Fisheries and Aquaculture (IPA), under the
Ministry of Fisheries carries out biological studies and evaluations o&npal
environmental and social impacts of aquaculture developments and provides technical
support to fish farmers. In 2005 the IPA conducted systematic surveys on the current
status of aquaculture in Angola. Aquaculture in Angola is small scale andetboms
inland fresh water aquaculture both by communities and the private sector. There is
currently no development of mariculture. At the moment there is no statistical production
data on aquaculture in Angola, probably because development has only tmegh th
small initiatives.

Rural fish farming with native species has been developed in some provinces of Angola
(Cabinda, Luanda, and Kuando Kubango), but there is a shortage of technical expertise.
Most aquaculturists employ rudimentary technology, usiaghen ponds fertilised with
locally available, lowcost agricultural byproducts. In general production techniques are

not very well mastered by fish farmers and there is a need to assist the farmers and further
promote fish farming. The production iaputlimited, both in terms of quality and
quantity with low yield results (Silva 2005).

Commercial private sector aquaculture started in 2002 on the Bengo River in Kifangondo,
Luanda province. The project is using the spe@e=ochromis niloticusintroduced from
Brazil, and plans to produce 2 million larvae/month and 100 t/month. Currently the
monthly production is 40 tons, which is marketed locally. A second aquaculture farm on
the Kwanza River in Bom Jesus started in 2005 but is still in the devatlbmtages.

They use exotic species includi@yeochromis niloticugrom Canada an@®reochromis
mossambicufrom Mozambique. The future yield is projected at 20 tons per month (IPA
2005).

UNU Fisheries Training Programme 12
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The Proposal Plan for Development of Aquaculture in Angola (PPBA9 strategic
programme to combat hunger and mitigate poverty in Angola. The immediate objectives
of this plan are to expand integrated small scale aquaculture as a means of increasing rural
productivity, food security and harnessing the opportunitiesriwall and medium sized
enterprise development, provided by domestic markets, for high value products and to
increase investment in aquaculture production and processing. The PPDA was conceived
to have two basic phases, the latter depending on the suc¢dhssfiost. The first phase
concentrates on implementing, in the short term, rural and industrial freshwater fish farms
and in the second phase mariculture projects will be developed. In the development of
inland aquaculture, priority will be given to thélisation of existing natural resources of

wild fry and juvenile fish and well known and tested environmentally friendly
technologies, adapted to environmental conditions in Angola. Inland hatcheries, to
provide further support to these industries, i# developed gradually (Ministry of
Fisheries 2004).

An analysis of the strengths, weakness, opportunities and threats of developing the
Angolan aquaculture sector was identified in the PPDA. The results are summarised in
Table 2.

Table2: SWOT analysis of the development of the aquaculture sector in Angola
(Ministry of Fisheries 2004).

Strengths e Several agreecological zones and natural features.

e Wide range of potentially suitable endemic freshwater species.

e Low cost of fish feed production because of the availability of raw material for
fish feed production.

High local demand for aquaculture products.

Good regulation support.

Weaknesses Technical knowledge of suitable species specific to aquaculture practices is limit
Hatchery capacity for seestock supply is no®xistent at present.

There is a general lack of successful aquaculture demonstration sites for ex
purposes nationally.

e There is insufficient regionally based infrastructure specifically suitable for

harvest handling and storage of aquaculture products.

Opportunities e Aguaculture investment, development and associated -secoimomic benefits ar
primarily regionally based and therefore of most benefit to rural communities.

e Agquaculture provides the oppaortity to diversify operations and so enhance econg
security.

e Any sustainable and responsible aquaculture production will reduce the presst

already depleted wild fishery resources and will ultimately benefit aquatic biodive

Increasing demanith local and international markets.

Presence of technology and knowledge on aquaculture worldwide.

Threats Inefficient Quality Assurance Programmes.
Lack of institutional infrastructure to facilitate aquaculture development.
Low technical level of fish famers.

Lack of knowledge of the environmental impacts of aquaculture activities.

UNU Fisheries Training Programme 13
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2.3.1 Policy and legislation to support the development of aquaculture activities

The Law on Aquatic Biological Resources of 2004 (LRBA) is based on sustainable
conservation andise of fisheries and aquatic resources, and efficient development and
management of aquatic resources. For aquaculture, LRBA Law guarantees the rational
exploration of the aquatic biological resources inside the limits of biological sustainability
and theprotection of the aquatic environment. Furthermore establishing a sustainable
aguaculture system in harmony with the environment and the local communities as well
as conserving biological diversity. The LRBA Law also supports aquaculture
development thragh research and development and the dissemination of environmentally
friendly technologies (Angola Parliament 2004).

The aim of the National Aquaculture Policy is to promote sustainable aquaculture,
management, protection and conservation of marine daaddirecosystems as well as the
promotion and operation of aquaculture projects (Ministry of Fisheries 2004)

The Aquaculture Regulation establishes the rules to guarantee sustainable and responsible
aguaculture development activities with observance oftingatic Biological Resources
Law and other relevant legislations (Ministry of Fisheries 2005)

2.4 Malange province of Angola

The technical field trips in Angola in 2003 conducted by the Marine Research Institute
identified 12 provinces with natural poteaaitifor aquaculture development. Namely,
Luanda, Bengo, Lunda Sul, Lunda Norte, Malange, Moxico, Kuando Kubango, Kuanza
Sul, Namibe, Huila, Cunene and Huambo (Ministry of Fisheries 2003a). In the present
study Malange has been proposed as a pilot provireguse it has been prioritised by
the government for aquaculture development for the next few years.

Malange province is located about 423 km from Luanda city (Figure 4). The population of

the area is approximately 850,000. The province has an areauif@h600 krhand has

14 municipalities(Republic of Angola 2005)The Kapanda hydroelectric dam is located

in this province and will be a major provider of electricity for the country. Once the

second phase of the hydropower project is completed, isuplply more power than all
systems already in place in all of Angol ads
Luanda. Upon completion the Kapanda hydropower project will attract more industry and

foreign investmen{Republic of Angola 2005). The Kapangeoject is likely to enhance

opportunities for government supported aquaculture development around the dam and
reservoir.

Several of the major freshwater resources in Malange are the Kwanza River system (total
length960 km) and the Cuango River (VandBonssche and Bernacsek 1987). Others
include Lucapa, Luando, Luchilo, Culamuxilo, and Camibafo Rivers (Ministry of Fishery
2003a). Some rivers in the Malange province have a significant number of native species
with potential for aquaculture (Fishbase 2D0bhe region is suitable for the culture of
carp, catfish and tilapia. The climate is humid tropical with tropical rain forests in the
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northern part and savannah in the southern. The rainy season lasts for 6 months from
November to April with an averagainfall of 10007 1200 mm per year. Monthly mean
temperature ranges fromM®to 30°C (FAO 1994).

Figure4: Malange province of Angola (FAO 2004).

In Malange province, fish culture was developed prior topeddence. The proposal for

the next years is the construction of hatcheries in this province in order to provide enough
seedstock for the area, an aquaculture research regional centre and a feed processing
factory, and the expansion of various programroesuild rural land ponds (Ministry of
Fisheries 2004). The results from a preliminary report in 2003 are quite positive for the
development of inland fish farming in Malange province. The report showed that both
commercial and sma#ficale fish farming is gssible over vast areas without serious
constraints. The climate conditions and quantity and quality of water sources guarantee
fish culture throughout the year (Ministry of Fisheries 2003a). Considering the fact that
small water bodies could play a majote in supplying fish for food to rural populations

it is necessary to define criteria for cultured fish species and the site selection for
aguaculture operation in this province.
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3 METHODOLOGY

3.1 Evaluation of data and criteria for selecting suitable néive species for inland
aquaculture in Angola

3.1.1 Data sources for native Angolan species

Fishbase (2005), which offers information on 253 freshwater fishes that occur in the
Angolan river systems, was used as the main data source. From the total of 285 nati
species, Fishbase (2005) considered that 11 species were promising candidates for inland
aquaculture, because they have been used for aquaculture and commercial purposes. This
study started by evaluating these 11 recommended species.

3.1.2 Source for seleatn criteria

The selection of suitable freshwater species for inland aquaculture was based on several
published aquaculture and biological studies, which contribute to a global knowledge on
general species selection criteria. In this study the poteriti@@tive species is assessed
from four critical criteria: growth performance in nature and in captivity, reproductive
biology, feeding habits and market value. To evaluate growth performance, reproductive
biology, and feeding habits, data were collectedh@ wild for comparison with the
behaviour of these species in captivity. The market value criterion was estimated
according to local market prices in Angola.

The species evaluation was done in three phases, namely first, second and the final
evaluation. For the first phase, data from Fishbase (2005) on the main biological
characteristics of wild fish was used. The definitions of these characteristics are described
in Table 3.

Table3: Definitions of main biological charactetliss of interest for aquaculture
(Fishbase 2005).

Maximum length The maximum length individuals of a certain species are likely tc
reach.
Maximum weight The maximum weight of an organism.

Average length at first maturity Average length at which fishf a given population mature for the fir

time.

Age at first maturity Average age at which fish of a given population mature for the first ti

Classification of fish Fish are classified according to the position they occupy in the
chain. Prinary producers, herbivores, detrivores, omnivores
carnivores.

Main food Feeding type indicators.

(*Pillay 1993)
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The data to estimate natural growth rates using the traditional formulas does not exist for
the species being evaluated in this stu@ljerefore average length and age at first
maturity was used as an approximation of usual growth formula parameters. The formula
used to estimate growth rate was:

Average length at first maturity (cm)
Growth rate = = cmlyear

Age at first maturity(year)

To evaluate the reproductive biology criteria, average length at first maturitytirena
was used. The evaluation of the feeding habits, took into consideration the classification
of fish according to the feeding types and trophic level. The main aspect to evaluate
market value was the local market selling prices. Market prices bothorfioral and
informal markets in Luanda province were surveyed by the IPA in 2005.

To be able to compare objectively the different species it was decided to give each species
a score on the scale of3lfor each selection criteria. Table 4 represents the sfeeach

of the four criteria used in this study for the first stage. Species that had an average score
of more than 2 were selected.

Table4: A rational framework for aquaculture species selection (score used to evaluate
the slitable species for the first stage).

CRITERIA/SCORE 1 2 3

GROWTH PERFORMANCE

Growth rate (cm/year) 10 < 107 20 >20

Maximum length (cm) 40< 407 50 >50

REPRODUCTIVE BIOLOGY

Average length at first maturity (cm) 15< 157 30 > 30

FEEDING HABITS

Classification of fish by feeding types Carnivorous Omnivorous Herbivores and
Detrivores

MARKET VALUE

Market demand (Local selling price <5 51 10 >10

USD/kg)

For growth rate the maximum score was given for species that grow more than 20
cmhiear. This was based on the selection of species that grow faster before attaining first
maturity and, also species that take a short time to reach the market size. This means that
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species that reached 20 cm/year before the attainment of first maturilg $leosuitable
especially for industrial aquaculture. For the maximum length species than showed a
length more than 50 cm obtained the maximum score. For this aspect the capacity of
species growth in nature was taken into account. This size (50 cm)daafkable from

the point of view of the market. For the second criteria, reproductive biology was
evaluated. For the average length at first maturity, considerations such the growth
performance were estimated. The significance score was given to spatiadined an
average length at first maturity of more than 30 cm. For the feeding habits criteria the
herbivorous and detrivores fish received the maximum score. For inland aquaculture
purposes these species are considered less hazardous than carfiisiordecause of the
possibility of improving the quantity of natural food through organic fertilisation as well
as inorganic. Omnivorous fish received the middle score, because these species exploit a
wide variety of food items. Carnivorous fish in aquidure generally need a high protein

diet , which is generally considered more expensive produce (Pillay 1993). For the last
criteria the maximum score was given to those species with a selling price over 10
USD/kg, because of the relevance of the fresemwfgsh in Angola.

The species with an average score of more than 2 are of major interest, because of the
need to select the best species to start industrial aquaculture in Angola. These species can
also be used in rural aquaculture, using simple @oly.

The second phase of species evaluation uses only relevant information regarding critical
aspects of interest for inland aquaculture. Firstly, the species are characterised by
important factors such as, how fast they grow in captivity, fecunditlyfeeguency of
spawning, age at first maturity (only for ongrowirsgage), as well as capacity for feeding

on supplementary food in captivity. For the last phase or final evaluation, the results of
the second phase are used.

3.2 Evaluation of the potentialfor aquaculture in the Malange province of Angola

In Malange province three districtnamely, Malange, Cacuzo, and Kalandula were
visited. The sites visited included rivers, lakes, two hydroelectric dams, irrigation dams,
abandoned aquaculture infrasture, reservoirs and small water bodies (Ministry of
Fisheries 2003a)Information on the potential resources for aquaculture development in
Malange province was obtained from a report on the technical site visit programme in the
inland and coastal prowies to study and assess the potential areas for aquaculture
development in 2003. A total of nine places in three districts were visited. Information on
the possible past and current aguaculture activities was obtained though a questionnaire
survey from corpetent authorities in local communities. Additional information was
taken from local authorities and direct observation. Questionnaire surveys from local
communities were used for different objectives. This information shows species
composition of the cabes, local names of freshwater fish species, several fishing seasons
etc. Constraints in place for initial aquaculture development were identified mainly based
on their importance in the efficiency of aquaculture.

! Ongrowing refers to hatchery fish that have been transferred to tanks, ponds or cages.
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4 OVERVIEW OF INLAND A QUACULTURE
4.1 Sustainalde aquaculture

Van (2001) introduced a definition of aquaculture as the farming of aquatic organisms
including fish, molluscs, crustaceans and aquatic plants. Farming implies some sort of
intervention in the rearing process to enhance production, suchgatar stocking,
feeding, protection from predators, etc. Farming also implies individual or corporate
ownership of the stock being cultivated.

FAO (1997) defines sustainable development as the management and conservation of the
natural resource base ati orientation of technological and institutional change in such

a manner as to ensure the attainment and continued satisfaction of human needs for
present and future generations. Such sustainable development (in the agriculture, forestry
and fisheries extors) conserves land, water, plant and animal genetic resources, is
environmentally nofdegrading, technically appropriate, economically viable and socially
acceptable.

Aquaculture cannot be considered only from the technical aspects in isolatiorofnain s
economic and environmental contexts. The system approach to promote sustainable
aguaculture practices is shown in Figure 5. The system approach is required to adequately
understand and promote the development of aquaculture in general, and idtegrate
aquaculture in particular. Sustainability is first defined in general terms and then
specifically in relation to aquaculture in terms of production technology, social and
economic aspects, and environmental aspects (Edehallsd997).

Production
Technology

Productive

Sustainable
Aquaculture
System

Socially Relevant Environmental
And Profitable Aspects

Figure5: The three interelated aspects of the sustainability of an aquaculture system,
production technology, social and economic aspects, and environmental aspects (AIT
1994 quoted in Edwards al.1997).
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Sustainability mg be expressed in terms of three interrelated aspects (Figure 5):
Production technology, social and economic aspects, and environmental aspects. An
aguaculture farming system needs to be sufficiently productive to make it an attractive
option to alternatie or competing uses of resources (land and water, capital and labour,
and farm byproducts). Social and economic aspects of aquaculture have received
relatively little attention compared to production aspects and are major constraints to
development throug aquaculture. Environmental aspects are only now beginning to
receive the attention they require to prevent humans from exceeding the global carrying
capacity for our species.

The main details of the three interrelated aspects are described belowd&dtval.
1997):

e Production technology: Production technology may be subdivided into three main
aspects (cultured species, culture facility and husbandry). The choice of species
influences the type of facility and also the type of methods. Husbandry may
involve various methods (monoculture or polyculture), use of different feeds
(natural, supplementary or complete feed), management of substrate and water
guality, and disease prevention and therapy.

e Social and economic aspects: Low unit cost input systeybe most appropriate
for the limited resource base of most poor subsistence farming, and low
production costs mean that fish can be sold at a relatively low market price and be
affordable to poor consumers.

e Environmental aspects: Aquaculture should drevironmentally friendly. The
environment is defined as being external to the aquaculture system and includes
the natural resources used for aquaculture development such as land, water,
nutrients and biological diversity. Technology needs to be adjustttetimited
resource base of the poor. Resources that may be used more productively in other
ways shall not be used.
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4.2 Freshwater fish

The freshwater species can be herbivores, detrivores, omnivores and carnivores and are
often cultured together as cptamentary species (Lucas and Southgate 2003). The most
important species to rural aquaculture are carps and tilapia. These are low value species
that are low in the food chain and require little supplementary input of feeds (Edwards
and Demaine 1998). Sties carried out by Hecht and Moor (2004) defined the most
popular cichlids speciesOfeochromis andersoniiO. niloticus Tilapia rendalli, O.
macrochir, O. aureusand O. mossambics), other species include catfish species,
Chrysichthys nigrodigitatusand African catfish,Clarias gariepinus which is widely
cultivated throughout the world and particularly in Asia but does not rank highly as an
aguaculture species in small scale farms in Africa. Traditional inland aquaculture practice
is considered less hardous with the use of herbivorous and omnivorous fish species. The
guantity of natural food can be improved through fertilisation and water management
(Black 2001).

Aquaculture with freshwater fish has been development by swalk farming
householdr communities, usually by extensive or senmiénsive lowcost production
technology appropriate to their resource base (Edwards and Demaine 1998). Lucas and
Southgate (2003) described the extensive aquaculture method as a method that uses the
natural emironment, where the stock generally are obtained from a hatchery, although in
some cases wild spat or juveniles may be collected, and placed into a position where they
can obtain all their needs from an unmodified or minimally modified environment.
Howeve a semiiintensive aquaculture system is described more as supplementation of
the natural system. Supplementation may take many forms, including additional aeration
to guarantee adequate dissolved oxygen, addition of inorganic or organic fertiliser to
improve natural productivity and addition of prepared feeds for supplemental feeding.

4.3 Use of native species for agquaculture

Regulation No. 39 of 2005 on Aquaculture defines native species as the animal and plants
species that occur naturally in Angola (Arg@larliament 2005).

In an extensive review of smaltale aguaculture in st®aharan Africa, Hecht and Moor
(2004) concluded that Africa has many native species with aquaculture potential.
However, little is known about them and there is a need for aededcresearch effort to
identify suitable species for smaitale fish farming in Africa. Culture of native species

has both advantages and disadvantages (Table 5). However many of the disadvantages
associated with the use of native species can be overogmeans of intensive research.
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Table5: Advantages and disadvantages of native fish species forsca# aquaculture
based on information from Hecht and Moor (2004).

Advantages Disadvantages

Do not pose a threat to tleavironment since the] The technology for their artificial propagation
are already an integral part of the naty often not well developed.
ecosystem in the surrounding region.

Do not have the potential to introduce ali The genetics of many of these species is not
parasites, which are often accidentally importe¢ known and fatgrowing strains have not beg
association with alien species. developed.

In many instances &al people are already familié Growth performance under aquaculture conditi
with the native species and prefer them to al is not well known.

species.
Complex environmental cues, which are not w
Broodstock can often be obtained from natl understood and may be difficult to replicate un
waters, and in some instances fingerlings can hatchery conditions, may be required to iati
collected from natural waters. spawning. Cichlids are an exception to this rule

Fingerlings of many species, partialja the
cichlids, can be harvested from production pond

Sophisticated hatcheries are therefore
necessary.

The main native freshwater fish used in aquaculture in Africa includes large Cichlidae
speciesTilapia sp andOreochromis sp and Claridae (Table 6).

Table6: Native freshwater fish farmed in Africa based on information in Changaeeya
al. (2003).

SPECIES COUNTRIES
Clarias gariepinus Malawi, Nigeria, Rwanda, South Africa, Tanzania, Zambia.
Oreochromis andersonii | Zambia
Oreochromis aureus Cilte dbélvoire
Oreochromis racrochir Zambia
Oreochromis Malawi, Mozambique, South Africa, Swaziland

mossambicus

Congo, Egypt, Gabon, Ghana, Kenya, Mozambique, Senegal, Tan
Uganda, Zambia

Tilapia rendalli Malawi, Swaziland, Tanzania, Zambia

Tilapia zilli Uganda

Oreochromis niloticus

In southern Africa aquaculture research in the past has mainly focused on the adaptation
of the culture of exotic species to local conditions, but has since gradually moved towards
the development of aquaculture methods for native speciesd@aheen 1994). Study

on industrial aquaculture in Malawi shows that the main species cultured are from the
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generaTilapia and Oreochromis(Ambali 2001). The Malawi Government put a ban on

the import of exotic species, which have been domesticated amttesklover native
species. Research into new species for aquaculture therefore has been conducted with
native species and some studies have shown that wild populations grow faster than
domesticated populations.

In southern AfricaClarias gariepinushas leen recognised as a candidate aquaculture
species since 1970, but the first commerdi@hbrias gariepinus farms were not
established until 1984 (Hecht 1994). In South Africa @arias gariepinusis a good
example of freshwater native species for whicltuca techniques were successfully
developed (Vureret al. 1994). Several native species offer potential as ornamental fish
and have commercial potential in South Africa (Vurehal 1994). In Zimbabwe the
native speciesQreochromis mossambicuS. macochir, O. andersonii Tilapia rendalli
andClarias gariepinusare being cultured successfully (FAO 1994).

4.4 Suitable fish species for aquaculture

In a biological and technical evaluation of marine and anadromous fish species for cold
water mariculture, Lé&rancoiset al. (2002) listed over 45 native fish species of potential
commercial interest. The procedures used in the study included studying complete life
cycles, stock enhancement and ongrowing of juveniles. The individual species were then
submitted ¢ the evaluation of its respective potential through a-stege selection
process using three criteria. Quémeeteal. (2002) proposed a new selection method for

fish species as candidates for aquaculture development, based onph#se@rocedure,
sdtlement of the mother population, the geographical case/elimination and the
geographical case/classification. The study started with 20,000 species. In the first phase
species were eliminated for the following reasons, systematic, dangerous-@atable
species, electronic activity, environment, salinity, minimum weight, minimum length,
threatened species. In the geographical elimination some species cannot be selected
whatever their geographic distribution. In the last stage remaining species weafedlass

into groups. For the first and second phases, species were selected using ACCESS 97
software and for the third phase the selection was carried out using Electre 11l Software.
As a result cod was selected as the first candidate for aquaculture deseiap the
northern parts of France.

Species with welknown and proven aquaculture performance and known breeding and
growing techniques are obviously preferred by aquaculture operators (Van der Mheen
1994). Different criteria have been used to sdleetappropriate species for aquaculture.
Species have be selected according to the objectives of culture, for example to increase
protein supplies to the poor, export to earn foreign exchange or waste recycling in a
polyculture system (Pillay 2003). Lucasd Southgate (2003) define the choice of
aquaculture species as balance between the biological knowledge and economic
considerations of the species (Figure 6).
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SPECIES
Biology/knowledge
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CULTURE METHODS
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FARMSITE <—> ECONOMICS

Figure6 : The interrelationship between cultured @ps, culture methods, farm site and
economics in aquaculture practices (Lucas and Southgate 2003).

Figure 6 shows the interrelationship between cultured species, culture methods, farm site
and economics, choosing species for aquaculture practices. @dnoasisite for
aquaculture is strongly influenced by intensive of culture, the quantity of water exchange
required and the biological characteristics of the selected species. The method of culture
depends on the availability and characteristics of farrs.sliee culture facilities, site and
species selected for aquaculture will depend on the economics of the operation.
Aquaculture businesses frequently fail as a resulted of inadequate understanding of all
facets of the biology and economics of the targetpdcies, so prior to starting
aguaculture operations, it is necessary to be aware of theseelated components.

Avault (1996), quoted by Lucas and Southgate (2003), listed the main issues to be
considered when selecting an aquaculture species, namatgr quality conditions,
performance of species under culture conditions (growth rate, reproductive biology and
feeding habits) and marketing.

Each species has specific requirements for various water quality parameters. These
parameters included tempéure, dissolved oxygen, salinity, ph, and
ammonia/nitrite/nitrate nitrogen. From these parameters is important know not only the
tolerance ranges, but also the optimum levels for growth, survival and reproduction.

Rates of growth and production undeittated conditions are major characteristics that
determine the suitability of species for aquaculture. Species showing rapid growth to
reach market size are preferred in aquaculture. However, slow growing species can also
be candidates for culture becausdheir market value. In this case species can be grown

to the size most preferred by consumers (Pillay 1993).

Reproductive biology is also an important consideration. Is preferable that species reach

marketable size before the attainment of maturtythait, most of the feed and energy is
used for somatic growth. Early maturity can be considered an advantage by breeders for
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hatchery operations, but early maturity before the species reach marketable size is a great
disadvantage for aquaculture, as ieoffor the tilapia species. For species that mature
more than once a year it should be possible to have several harvests of seed. High
fecundity and frequency of spawning can be an advantage in aquaculture. High fecundity
helps offset the high cost of méaining and spawning broodstock. The size of eggs and
larvae is another important factor. Small eggs and larvae can be difficult in the hatching
aguaculture operations. A shortened incubation period and larvae cycle often contribute to
lower mortality oflarvae and greater survival. Larvae that accept artificial feeds would be
easier to breed in hatcheries (Pillay 1993).

In aquaculture feeding is one of the major elements in the cost of production, so feeding
habits and feed efficiency in terms of growtbnversion rates and production then
become important criteria for selection of fish for culture (Pillay 1993). Avault (1996)
guoted by Lucas and Southgate (2003) divides feeding habitats according to production
stage, hatchery/nursery, juvenile and gratvphases. Individual fish species are often
categorised by feeding habitat, herbivorous feed largely on living plant material,
carnivores feed on animal matter, detribores feed on detritus, and omnivores consume a
mixed plant an animal diet (Lucas and Bmate 2003).

The feeding habits of fish are important in certain types of aquaculture in particular in
warmwater polyculture, in which a combination of species is used, each occupying a
different ecological niche (Lucas and Southgate 2003). In cudtypplemental feeds are
commonly given to fish. Manure may serve as a food source for some fish by
supplementing the nutrition available from natural food organisms in the pond. A wide
variety of agricultural byproducts may also serve as supplemental féduen fish are

fed, ponds can be stocked at higher rates. Stocking bdé&eading fish such as common

carp prevents sinking foods from being wasted. Some of the low trophic level feeders can
also be highly selective in their feeding, as in the case @f-fdeders that require
plankton of a particular size and form. Carnivorous species are mainly used in intensive
aguaculture. However these species command higher market prices and generally have
greater export markets and therefore attract substantiastments (Pillay 1993). Is
important to identify the best market for the product and access the market value of the
product prior starting aquaculture. The market price and demand should be considered
before a fish species is chosen for culture. When twenaore fish can fill the same
feeding niche in culture, the choice should be based on which will maximise economic
returns to the farmer. Aquatic farming is of special significance in fish marketing
strategies, the production can be organised accordimgatkiet demand, in respect of
quality, size, colour, preservation and processing (Pillay 1993). Some species may also
have several marketing opportunities; certain fish species may be sold as fingerlings for
restocking into the wild. Sustainable aquacultiarethe local market sale is an important
even for the development of subsistence fish farm. The relationship between the
population density and the occurrence of fish farming is another important factor. In
Africa the local market potential is an impaontariterion for fish farming where transport
systems are not well developed and where transport is expensive. The importance of local
markets pertains not only to commercial fish farms, but also to subsistence fish farming
(Kapetsky 1994).
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4.5 Impact of aquaculture
4.5.1 Negative environmental impact of aquaculture

Aquaculture may have a diverse range of effects, both negative and positive, on the
environment and also on the communities. Environmental impact assessment should be
carried out before the promotiaf rural aquaculture (Edwards and Demaine 1998).

The negative impact of aquaculture on the habitat can be minimised through the use of
good operational techniques and better farm management practices. Lucas and Southgate
(2003) describe the serious emvimental impact of effluent discharged from ldvased
aguaculture. The environmental impact of untreated effluent into surrounding bodies of
water increases with the production and intensity of aquaculture operations, and depends
strongly on species, culte methods, stocking density, food composition, feeding
techniques and hydrographic conditions. Intensive cage farm operations are not limited in
their environmental impact. The generation of wastes from cages can be viewed as a
simple input- output proess (Figure 7)

Feed and

chemical/therapeutic
treatments (common Seed and

salt, complex juvenil fish
compounds, malachite stock

Water and
Oxygen Harvested biomass
—— and mortalities

IO

Water and dissolved
wastes

Uneaten feed and Solid, wastes (Fish
faecal matter scales, litter, etc)

Figure7. Schematic representation of the environmental impact of cage culture.

The main inputs are seed stock, feed and water, and the major outputs are solid waste
(faeces and feed) and dissadl waste. Chemical compounds used in cage culture also
resulted in output from the cages. Cage culture can also introduce disease and parasite
transmission in the natural water bodies. The major impacts include destruction of natural
habitats, eutrophicain and sedimentation in natural bodies of water and negative effects
on native fisheries and biodiversity. The introduction of exotic species in aquaculture is
also a contentious issue because it can alter the diversity of the natural flora and fauna
(Black 2001).
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4.5.2 Positive environmental impact of aquaculture

Polyculture systems and integrated agjuaculture systems (IAAS) can also have
positive effects on the environment (Black 2001). Polyculture and integrated aquaculture
systems are environmentallyigndly aquaculture methods. These methods can raise
diverse organisms within the same farming system, where each species utilises a distinct
niche and distinct resources within the farming complex (Stickney 2000). One option for
sustainable aquaculture ithe development small scale integrated agricuaupea

culture systems. Integrated agricult@@uaculture offers special advantages over and
above its role in waste recycling and its importance in encouraging better water
management for agriculture afarestry. Fish are efficient converters of l@rade feed

and wastes into higtalue protein. In integrated farming, the wastes of one enterprise
become input to another and, thus, optimises the use of resources and lessens pollution.
The system refers tthe production, integrated management and comprehensive use of
aquaculture, agriculture and farm animals, with an emphasis on aquaculture (Figure 8).

water spinach

Figure8: Typical integrate freshwater aquaculture system (FAO 2001).

Positve effects include the recycling of nutrients and organic wastes (Black 2001).
Integration involves growing a variety of aquatic species, watasee and integration of
aquaculture with other farm production (Figure 9). The basic premise of IAAS is the
multiple use of water for both traditional terrestrial farming and aquaculture in a
profitable and ecologically sustainable manner (Edwards 1998).
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Figure9: Recycling of nutrients and organic wastes in a traditional polyeuiystem
(FAO 2001).

A variety of aquatic plants can be used as supplemental feeds in fish production, among
these is the water hyacinth frequently found in Angola water bodies. -Eaafe
terrestrial animal farms produce large amounts of excreta warehused as fertiliser

pond water to support the growth of fish. The pond humus can then be used as manure for
plant cultivation, thus, the productivity of both fodder grasses and phytoplankton can be
utilised. The example shown in Figures 7 and 8 carppéeal on large scale state farms,
where component enterprises were designed and managed to optimise production, and the
required labour force could be appropriated as needed. The example is also widely used in
small scale, familoperated fish farms (FA@001).

The IAAS has been practiced with success for many centuries in many parts of the world
in many developing and developed countries. In Israel IAAS are highly developed and
make optimal use of the available water. In Asian countries, fish, rices arup ducks

have been integrated to better utilise available water, land and nutrients. In developed
countries, such the USA, Australia and in Europe IAAS technology has been limited to
smallscale system linked to irrigation farming (Huaztual. 1994 qwted by Lucas and
Southgate 2003).

Traditional polyculture systems (Figure 10) describe the deliberate culture together of
complementary species (species occupying complementary niches especially in regard to
their food and feeding).
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FigurelQ: Typical polyculture system with the major fish species cultivated in Chinese
ponds (Lucas and Southgate 2003).

Figure 9 shows the relationship between different species, grass carp (a), wushang fish (b)
feed upon teestrial vegetation and aquatic macrophytes; silver carp (c) graze upon
phytoplankton; bighead carp (d) consume zooplankton; tilapia (e) feed upon both kinds of
plankton, green fodders and benthic organic matter; black carp (f) feed on molluscs; and
commoncarp (g) and mud carp (h) consume benthic invertebrates and bottom detritus.
This system not only restores the quality of the effluent water, but also produces a
commercial crop from the effluent treating organism (Figure 11).

Figurell: Diagrammatic representation of the uses of effluent from fish culture to
provide nutrients for algae culture.
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