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ABSTRACT

Sx months (Jun 7 to November 22/ 2010) feeding trial was conducted to investigate the effects of
feed quality on growth performance and water quality in cage culture system of mixed-sex Nile
tilapia (Oreochromis niloticus) in Lake Hora-Arsedi using fifteen suspendethétroages. The

initial length and weight of the fish ranged from 119.32 +1.44 to 125.00 +£1.50 mm and 42.80 +
2.53t0 43.51 +2.36 gm, (mean = SD), respectively. Fish diets were prepared from three kinds of
locally available plant protein source feeds, i.e. oil seed cake (O), mill sweeping (M), and rice
bran (R). In all the combination 20% of blood and bone meal (B) was added to increase the
crude protein level and supplement growth limiting mineral, phosphorus. Therefore, four
combination of feeds were prepared as diet-1 (ROM+B), 22.87% crude protein (CP); diet-2 (RM
+ B), 22.22% CP; diet-3 (MO+B), 22.00% CP, and diet-4 (RO+B), 24.28% CP). About 26.67%
each of plant protein source ingredient was in diet-1, whereas 40% of it in the other
combinations. There was a triplicate of control cages in which fishes were provided with only the
natural feeds. Each treatment was assigned to triplicates of 100 fish in a completely randomized
design along the U-shaped jetty (walkway). The fish were fed sinking extruded feeds, 3% of their
body weight, twice a day manually using feeding tray. The results showed significant differences
among the test diets. Diet-1 gave the best mean weight gain (MWGs) of 4 %/538followed

by diet-3 with MWGs of 182.16 4.12 diet-2 with MWGs of 169.27 + 6.31. Diet-4 and the
control gave MWGs of 146.276.82and 80.62 +3.34 gm, respectively. MWGs in treatment fed
with diet-1 were significantly higher (P < 0.05) than MWGs of other treatments. Mean DGR
ranged from 0.28 for the control treatment to 0.92 for the fish fed with diet-1. Specific growth
rate was also highest in the treatment fed diet-1 (0.9%/ fish) and lowest in the control (0.38%/
fish). Food conversion ratio and efficiency were best with diet-1, followed by diet-3 and least
with diet-4. Visceral to body weight ratio for the treatment fed with diet-1 was significantly
better (P < 0.05) than the values for other treatments. Percentage survival ranged from 80% in
the control to 94% in cages fed with diet-1. The study showed that diet-1 can be effectively used
in the diet of O. niloticus and also in terms of cost it sees more efficient than other followed by
diet-3. This study also showed that the feeds did not bring any effect on water quality at least in
experimental level.

Key words: Economic analysis, feed conversion, mill sweeping, rice bran, oil seed cake
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1. BACKGROUND

1.1. Trendsin Aquaculture

According to FAO (2008), aquaculture is defined as the farming of aquatic organisms, including
fish, mollusks, crustaceans, and aquatic plants. Farming implies some form of intervention in the
rearing process to enhance production, such as regular stocking, feeding, protection from
predators, etc. Similarly, Li and Fu, (2001) also defined aquaculture as a form of agriculture that
involves the propagation, cultivation, and marketing of aquatic plants and animals in a more-or-
less controlled environment. It mainly includes water sources, water quality, types and methods
of aquaculture, production phases, market, and trade. It also implies ownership of the stock being
cultivated. Aquaculture is also defined as a diverse and important rural activity encompassing
production and sale of fry and fingerlings and the raising of wild or artificially-reared fry and
fingerlings in enclosed or semi-enclosed water bodies, such as ponds, rice fields and fish cages,

for both sale and home consumption.

The historic origin of aquaculture dated back to the eastern civilization before 4,000 years. The
Bible refers to fish pond and sluices (Isaiah 19:10), and ornamental fish ponds appear in
paintings from ancient Egypt. European aquaculture began sometimes in the middle age and
transformed the ‘art’ of Asian aquaculture into a science that studied spawning, pathology, and
food web (Swann, 1992). There is a belief as it was commenced in China by fishermen who kept
their surplus catch alive temporarily in baskets submerged in rivers or small bodies of water
created by damming one side of a river bed, possibly due to the desires of an emperor to have a
constant supply of fish. Another possibility is that aquaculture developed from ancient practices
for trapping fish, with the operations steadily improving from trapping-holding to trapping-
holding-growing, and finally into complete husbandry practices (Ling, 1977). For over 3,000
years, fish have been farmed in China, a country that continues to dominate the industry by
producing 83% of the world's aquaculture ouffutand Fu, 2001). The other key producers
include India (6%), Philippines (4%), Indonesia (3%), Republic of Korea (2%), and Bangladesh
(1%), a list overwhelmingly concentrated in the developing world (FAO, 2008).



Though aquaculture is rerported to be an age old practice that originated in China, its
significance to the contribution of ‘human food basket’ is of only three to four decades old.
According to De Silva and Davy (2007) aquaculture, though considered to have over a 2,500
years history, was mostly practiced as an art. It began to be transformed into a modern science in
the second half of the $@entury.

Recently, aquaculture is developing, expanding and intensifying in almost all regions of the
world. It is the fastest growing sector of the world food economy increasing by more than 10%
per year and currently accounts for more than 30% of all fish consumed. This may be due to
increased global population demand for aquatic food products, the production from capture
fisheries has leveled off, and most of the main fishing areas have reached their maximum
potential. Sustaining fish supplies from capture fisheries, therefore, will not be able to meet the
growing global demand for aquatic food. Aquaculture appears to have the potential to make a
significant contribution to this increasing demand for aquatic food in most regions of the world
(FAO, 2008).

Two key criteria, ownership of stock and deliberate intervention in the production cycle

(husbandry), distinguish aquaculture from capture fisheries. Fish farming typically involves the
enclosure of fish in a secure system under conditions in which they can thrive (Lirasan, and
Twide, 1993).

A number of different types of aquaculture practices exist; that means, its practices are diverse,
ranging from single pond subsistence farming to highly intensive pump-ashore abalone farms
(Hecht, 2000). Among these practices, the simplest is the releasing of young organisms into the
wild to increase the natural population size. The next level of aquaculture contains the organisms
in a pen or cage open to water and nutrients, however, that restrains them from leaving the site.
The most complex aquaculture type is a closed system. In this situation, there is no exchange

between the aquaculture facility and the environment.

Aquaculture, in Africa, is unevenly developed and relatively a new phenomenon though it had
been practiced since the colonization era of European countries (FAO, 2004). It is still nascent in
the countries with less than 1% of global production; thus, it is not much influencing

international market development. The total aquaculture production of Africa only amounts to



570,000 tons annually in 2004. Until the mid-1990s production was relatively stable at around
50,000 to 100,000 tons, however, developments since then have shown that there is both room
and possibilities for growth. Growth in particularly Egypt’s production has contributed to a five-
fold increase in less than 10 years though the country has been the largest producer in African
aguaculture since as far back as 1950 (Hishamunda & Nathanael, 2001). In 2004, according to
Hecht (2000), Africa as a whole contributed 1.8% to world aquaculture fish production, while
the Sub-Sahara Africa region contributed 0.26%.

Egypt was the largest contributor to African aquaculture (84.5%) followed by Nigeria (7.9%)
and as a whole the Sub-Saharan Africa region contributed 14.6% to African aquaculture output.
During the period 2000 to 2004 aquaculture production in Sub-Saharan Africa increased by 50.8%
from 54,109 to 81,598 tons. The highest increases in production were recorded in Uganda
(575%), Cameroon (560%) and Kenya (102%). Nigeria was the largest producer in sub-Saharan
by culturing 43,950 tons in 2004, followed by Uganda and Zambia with around 5,000 tons each.

Table 1: Summary of reported total aquaculture production in sub-Saharan Africa (FAO, 2007)

Country Production in tons Values in billion
(USD)
Nigeria 56,355 0.156
Uganda 10,817 0.012
Madagascar 8,500 0.034
South Africa 6,142 0.034
Tanzania 6,142 0.036
Zambia 5,125 0.009
Congo D.R. 2,965 0.007
Zimbabwe 2,452 0.005
Togo 1,535 0.003
Mozambique 1,278 0.007

Freshwater, brackish water and marine environments are used for aquaculture practices for a

great variety of culture organisms. In 2004, 89% of African aquaculture is done in inland waters,



lakes, reservoirs and rivers (Hecht, 2000). Freshwater aquaculture is carried out either in fish
ponds, fish pens, fish cages or, on a limited scale, in rice paddies. Brackish water aquaculture is
done mainly in fish ponds located in coastal areas. Marine culture employs either fish cages or
substrates for mollusks and seaweeds such as stakes, ropes, and rafts (Gzilébhug01).
Brackish-water aquaculture is practiced only in Nigeria and at a low level. There is some marine
aquaculture, mainly in the Mediterranean and the Indian Ocean, while activities on the Atlantic
coast have been very limited until now. Marine culture in Sub-Saharan Africa is restricted
mainly to shrimp culture in Madagascar and Mozambique, Seychelles and abalone aquaculture in

South Africa and also experimental shrinf@faeuspecies) culture in Kenya (Dadzie, 2006).

More than 220 species of finfish and shellfish are farmed; the range includes giant clams, which
obtain most of their nutrients from symbiotic algae; mussels, which filter plankton; carps, which
are mainly herbivorous; and salmon, which are carnivorous. The main species cultured includes
finfish (96.2%), aquatic plants (1.8%), crustaceans and mollusks (0.6%). Freshwater finfish
makes up about 80% of total aquaculture production. Nile tilapia is the dominating cultured
species in Egypt. In 2004 Egyptian farmed tilapia production amounted to some 200,000 tons,
accounting for over 42% of the total aquaculture production of the country (Ridler and
Hishamunda, 2001). In recent years, however, aquaculture has been developed in other countries
like Congo Democratic Republic, Nigeria, Madagascar, South Africa, Tanzania, Uganda, Zambia
and Zimbabwe. In Nigeria, it is particularly catfish farming that has contributed to this
development. In 2004, production of catfishes accounted for about 63% of the total Nigerian
aquaculture production (Hecht, 2000).

Although a large number of fish species are being cultured, the bulk of aquaculture and fisheries
enhancement production is accounted for by a small number of species which have been
introduced widely beyond their native ranges (DIAS, 2004). For example, the largest species in
African aquaculture in terms of volume include tilapias, grey mullet, carps and catfishes. There
is also some production of shrimp, mainly black tiger shrifgnéeus monodynand in 2004

African farmed production of this species amounted to 7,600 tons (Hecht, 2000). Herbivorous or
omnivorous tilapia and carp species are a case in point, having been introduced throughout the
tropics and accounting for about 80% of tropical inland aquaculture production. Like the

common agricultural animal domesticates, these species have attributes that make them



particularly attractive for rising in captivity (Bilio, 2008). This species can be mentioned as
working examples of cage culture in the Sub-Saharan African aquatic farms like in Ghana,
Kenya, Malawi, Uganda, Zambia and Zimbabwe. All farms grow Nile tilapian{loticug with

the exception of those in Malawi, which use the local sp&giesranusandO. karongae both

known as thambd. The growth performances of tilapias other tl@nniloticusand of wild

strains ofO. niloticusare unlikely to be globally competitive (Blow and Leonard, 20@y).
niloticus is the second culture species in the world because of its fast growth, short food chain,
high food conversion ratio, readily accepting artificial feeds, ease of breeding in captivity,
disease resistance, high fecundity, tolerant to a wide range of environmental conditions and good
taste and market price (Stickney, 1986).

However, generally in the case of Sub-Saharan Africa, the main reasons for poor aquaculture
development have been discussed in details by Machena and Moehl (2001). They include poor
aquaculture development policies, few fish farming traditions, lack of access to quality feed, lack
of quantity of fingerlings, inadequate research and extension services, limited coordination

between research and development sector and inaccessibility of capital.

1.2. Cageculture

Cage aquaculture is an old practice. It dates back to edtgerfiury when Chinese fishermen

used to fatten fish fry in cage made bamboo stick (Beveridge, 1996). The production of fish in
cages has been practiced for many years in various countries worldwide. The earliest record of
cage culture practices dates back to the late 1800s in Southeast Asia, since that similar culture
practices have been reported in both freshwater and marine environments, including open ocean,
estuaries, lakes, reservoirs, ponds and river (Eng & Tech, 2002). Norwegians are mentioned for
introduction of salmon fish cage culture in the marine (Beveridge, 2004). However, expansion of

cage aquaculture has taken place in the past three decades particularly since the late 1980s.

Cage culture is commonly used in water bodies that cannot be drained, such as lakes, estuaries,
reservoirs or coastal marsh areas. Cage culture practices have numerous advantages over other
culture systems. By integrating the cage culture system into the aquatic ecosystem the carrying

capacity per unit area is optimized because the free flow of current brings in water and removes

5



metabolic wastes, excess feed and faecal matter (Beveridge, 1984). The other aadvantages of
cage culture include low investment costs, easy management, easy and low cost of harvesting,
opportunities for close observation of feeding and health. Application of cage culture practice
has also some disadvantage including vulnerability to poachers and structural damages, less
tolerance of fish to poor water quality, more dependence on commercial diets and the increased
risk of disease out breaks (McGinty and Rakocy, 2005). Furthermore, the risk of escaping from
cages has potential impacts on wild fish population, including potential gene pool and social
impacts (Fergusoat al.,2007). Other risks might be mentioned as cage culture solely depends
on the natural catch of the fingerlings where hatchery development is new or production is not
currently sufficient to meet the demand (Ottolergghal.,2004).

McGinty and Rakocy (2005) explained that the knowledge of the behavior of cultured species is
crucial for constructing fish cage. In the cas®ofmiloticus, which is less active and sometimes
territorial in habitat, the shape of the cage does not affect its mobility, however, for easy
assemblage and management rectangular cage is appropriate (Fitzisimmons, 2004). Availability
of aeration, size of the water body, and the method of harvest determine the size of the cage. An
increment of cage size has inverse relation with costs and production per unit volume as a result
of decrement of rate of water exchange. Cages can be floating surface or standing surface cages.
The former requires floating device to stay at a surface whilst the latter could be tied to stakes
driven into the bottom substrate (McGinty and Rakocy, 2005). The material by which the cages
constructed should be durable, lightweight, and cheap, such as galvanized and plastic coated

welded wire mesh, plastic netting and nylon netting (Fitzsimmons, 2004).

Mesh or netting materials that can be used include plastic coated welded wire, solid plastic mesh,
and nylon netting (knotted or knotless). Mesh size should be no smaller than 12.5 mm to assure
good water circulation through the cage while holding relatively small fingerlings (100 to 130
mm) at the beginning of the population cycle (Digehl.,2005). A large mesh size can be used

if large fingerlings are stocked. The mesh size for tilapia cages should be at least 12.5 mm, but
20 mm is preferred. These mesh sizes provide adequate open space for good water circulation

through the cage to renew the oxygen supply and remove wastes.

The use of large mesh size requires a large fingerling size to prevent gill entanglement or escape.
A 20 mm plastic mesh, for example, will retain 9 gram tilapia fingerlings while a 25 mm mesh



requires a fingerling weighing at least 25 gm with plastic netting and 50 - 70 gm with nylon
netting (Silvaet al.,2000). These fish will grow too large to swim out of the cage, but they do

not grow large enough to reach marketable size, thereby representing a waste of feed. Cages
should be equipped with cover to prevent fish losses from jumping or bird predation. Covers are
often eliminated on large nylon cage if the top edges of the cage walls are supported 300 to 600
mm above the water surface (McGinty, 1991). Larger mesh sizes facilitate the entry of wild fish

into cages.

While installing cage culture, site selection is mandatory. It should be put in a place where at
least 60 cm of water between the bottom of the cage and lake bottom to avoid undesirable
accumulation of wastes from the fish and the feed given (Baetaah1972). Water circulation

freely through and around the cage should also be considered. Furthermore, vascular plants
(those with stem), wind protected cover, and areas around excessive structure should be avoided
in order to allow water movement (Coche, 1982). Cages should be placed usually to the
windward side, where water current is greatest. Calm stagnant areas should be avoided (Konikoff,
1975).

Tens of finfish species have been cultivated in various cage systems all around the world. Tilapia
and carps are predominant in freshwater in Asia while salmon are commonly farmed in Europe
and America (Eng and Teck, 2002). Cage culture is very popular because mixed sex tilapia can
be produced without the risk of reproduction when mesh is large enough to let eggs fall through.
From water quality standpoint, cage culture is similar in some ways to pond aquaculture.
Although fish are confined, metabolic wastes leave the cages and are broken down throughout
the body of water (Boyd, 1990).

1.3. Niletilapia culture

According to Hickling, (1962), tilapia culture is believed to have begun in 1939, by the year five
0. mossambicysoriginally from southern Africa, was discovered in lagoon in Java. However,
the earliest known representation of fish culture pond from an Egyptian tomb dating from before

2,500 B.C. shows a pair of small fish that can be identified. asloticus a species abundant in



the Nile Valley (Jhingram, 1987). According to Jhingram, (1987) the engravings apparently
show tilapia being fished out of artificial drainable ponds.

Tilapia (commonly called “the aquatic chicken”) belongs to the fa@ithlidaewhich is widely
distributed naturally in Nile River, in most parts of African rivers and lakes as well as in the
Middle East. Tilapia is perciform fish that originated in Africa and Jordan Valley and it contains
approximately 1,399 species, of which 150 can be called tilapia (www.fishbase.org

Next to carps, tilapia has become one of the most common cultured fish in the world (El-Sayed,
2002) and is likely to be continued being the most important cultured fish in theeftury
(Fitzsimmons, 2000). Most tilapia species of the tillapinii now being used in aquaculture

were grouped initially into one genus, Tilapia. The species within this genus were later classified
according to their mode of reproduction (Trewavas, 1983). Species which evolved as substrate
spawner but guard their eggs were retained in the genus tilapia while those which orally reared
their clutches were grouped into new speci8arotherodon Classifications of these
commercially important tilapia genera ar@reochromis,tilapia and Sarotherodonhaving
approximately 79, 41, and 10 species, respectively. The classification of theQyeoaehromis

was based on the difference on their reproduction, feeding habits, and biogeography.

GenusOreochromis includes Nile tilapiad( niloticus), Mozambique tilapia@. mossambicus)

and blue tilapia@. aureu$ which are most commercially important species (Wohlfattial.,

1990). All tilapia species are nest builders (fertilized eggs are guarded in the nest by a brood
parent) while species of bo8arotherodorandOreochromis are mouth brooders (eggs fertilized

in nests are picked up immediately by the parent’'s mouth and hold during incubation for several
days after hatching). In the case ©f niloticus females solely involve in broad care. After
spawning female leaves nest to rear her clutch in safety. Fry brooded up until free swimming.
There is an external period of care during which fry seeks shelter in bucal cavity for safety. First
feeders have well developed fins for swimming and fry survival is high.

Its rising popularity is due to their hardness, resistance to disease, ease to breeding without a need
of high tech hatchery, reasonable growth rate, good taste, and tolerance to a wide range of
environment, i.e. it can adapt to diverse habitats: permanent and temporary rivers, rivers with

rapids, large equatorial lakes, tropical and subtropical rivers, open and closed estuaries, lagoons,
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swampy lakes, deep lakes and coastal brackish lakes (Trewavas, 1983). Therefore, the species is
considered as best researched species for culturing and there is affluence of experience in its

husbandry (FAO, 2007). Due to these facts earthen ponds, concrete tanks, raceways, and cages
can be used for growing tilapia (Nandlal and Pickering, 2004). Thus, tilapia was originally

considered for aquaculture as a means of producing cheap protein (Pillay and Kutty, 2005).

Nile tilapia ©. niloticug is a benthopelagic fish adapted to freshwater and low salinity brackish
water condition. It is naturally distributed in Africa and coastal river of Israel and it is capable of
tolerating temperature fron?® to 42C (Trewavas, 1983). It is the most widely farmed tilapia
species in the world, representing approximately 83% of total tilapia production (Hempel, 2002).
The rapid growth to market size of Nile tilapia has made it a well accepted fish with tilapia

farmers.

Table 2: Environmental conditions favorable for tilapia

Parameter Level Comment

Temperature 8 —42C Survival range

25-33C  Optimum for reproduction and growth

DO 3 Minimum for optimum growth
pH 6.5-9 Optimum for primary reproduction
6.8-8 Optimum for enhanced growth

14. TilapiaFeed

Tilapia culture is advantageous for the reason that tilapia feeds on low trophic level. The
members of the genudreochromisare all omnivores, feeding on algae, aquatic plants, small
invertebrates, detritus, and associated bacterial flms (Getachew Teferra, 1987eDana
1991).

Fishmeal is a major source of protein in tilapia feeds, but increasing costs and scarcity stress the

need for alternative protein sources. Therefore, for countries in which the economy is not



developed yet, industrial well-compounded fish feeds are expensive and can account for over
two-third of the variable costs in fish culture operations (Balogual., 1992). For example,

about 4,000 tons of quality fishmeal is imported into Nigeria each year (AIFP, 2004 cited in
Gabriel et al., 2007). This has contributed, in no small way, to increasing the total cost of
production which will ultimately translate to high cost of fish thereby making it expensive for the

population of the poor living in Sub-Saharan Africa.

In cage culture practice, it is mandatory to use supplementary feeds. This is because fish are not
able to forage for insects and other food items that are available in the water body. In addition to
this, the dissolved nutrients that promote primary and secondary production in the natural
environment are seasonal or may not occur in required proportion to meet the nutritional demand
of cultured fishes (Ugwumba and Ugwumba, 2003). Therefore, the non-availability of suitable
and cost effective supplementary feeding is one of the disadvantages of fish cage culture in
developing countries.

To address the major problem of cage culture fish feeds, several feed ingredients have been
investigated in an attempt to find substitutes for fishmeal in the diets of tilapia. The feed
produced and used in Africa are categorized into non-conventional (non-standardized) and
conventional (standardized) feed stuff; According to Gelmigll (2007) the categorization is
based on the availability and acceptability of the feed stuff involved. The non-conventional fish
stuffs include kitchen wastes (e.g. Cassava and yam peels, leftovers like bread, etc), Plant
sources of feed, and animal sources of feed (tadpole meal, maggots, earthworm meal, housefly
larvae). The conventional feed stuffs are regularly used in the formulation of fish feed. They are
usually agro-industrial by-products (wheat bran, rice bran, oil seed cake), animal source (blood
meal, shrimp meal, hydrolyzed feathers), and plant source (maize, soya bean meal, cotton seed
meal, etc), along with aquatic plants suchAaslla pinnatg duckweed and single-cell proteins
(Oguniji, 2004; El-sayed and Tacon, 1997 cited in Ogetrgi.,2008).

These supplementary feeds mentioned above are not only considerably cheaper than fishmeal but
also enjoy high availability and accessibility in certain regions of the world. Unfortunately,
attempts to use these ingredients to replace the fishmeal components in farmed tilapia diets have
met with variable success with some leading to reduce feed efficiency and growth. Some of the

factors which may have contributed to the variation in the results obtained are summarized by
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Oguniji (2004) to include the protein composition, amino acid profile; apparent digestibility,
phosphorus content, anti-nutritional factors (especially in plant protein sources), palatability and

accessibility of alternative feeds.

In order to enhance aquaculture production, improve production, improve food security, and
reduce the level of poverty in developing countries like Ethiopia, a search for cheap and locally
available feedstuffs is mandatory. In some countries of Africa like Kenya, Namibia, Nigeria,

Uganda, Madagascar, Ghana and Cote D’ivoire, where little quantity of fish feeds are produced

locally, the quality is very poor and production rate inconsistent (Gadbrél,2007).

15. Aquaculturein Ethiopia

Like most countries of Sub-Saharan Africa, fish production in Ethiopia is far below the estimated
yield and the pattern of production is by no means uniform; only capture fisheries. The country is
endowed with a number of natural lakes, reservoirs and large rivers containing substantial
qualities of fish stock. Water bodies of Ethiopia have a surface area estimated at 7384 km
major lakes and reservoirs, and 275%ksh small water bodies, with 7,185 km of rivers within

the country (Shibru Tedla, 1973).

According to Abebe Getahun, (2003), the country has about 153 indigenous and additional 10
exotic fish species (Among these, six species are commercially most important ones and belong
to the following families: Centropomidaédtes niloticus), Cichlidae Q. niloticug, Clariidae
(Clarias gariepinus)Bagridae(Bagrus dockmgk and Cyprinidael(@beobarbus spmndLabeo

sp.). O. niloticusis the most exploited species constituting about 80 % of the total fish capture in
Ethiopia (Breuil, 1995). It is one of the most important species in the ecology and fisheries of
almost all Ethiopian inland waters (Shibru Tedla, 1973). Consequently, fish resources became
depleted from time to time because of overexploitations of capture fisheries (FAO, 2008). Fish
culture is assuming greater popularity as an alternative means to capture fisheries for increasing
fish supply due to habitat degradation, over-exploitation, and pollution of natural water bodies in
developing countries (Singkt al., 2007). Therefore, the current increasing market demand for
fish protein in Ethiopia can be met only when the capture fishery is supplemented by culture

fishery.
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Tesfaye Wudneh (2009) mentioned that the overall potential annual sustainable fish yields of the
country from the lakes, reservoirs and rivers combined is roughly estimated at about 50,000-
60,000 tons. This includes a potential yield of about 35,000 to 40,000 tons per year from the

lakes and reservoirs and about 20,000 tons per year from the major rivers.

Aquaculture in Ethiopia, like most countries of the continent, remains more potential than actual
practice, despite the fact that the country's physical and socio-economic conditions support its
development. This country is endowed with abundant aquatic resources but has not been able to
realize substantial production from aquaculture due to lack of educated labor and technology in
all aspects. The aquaculture or fish farm development in the country has been very limited and
the practice mainly consisted of stocking of fish fingerlings into dams and small water bodies
that are devoid of fish or to diversify species composition and enhance production (Tesfaye
Wudneh, 2009).

Extensive aquaculture in the form of stocking and enhancing artificial lakes, reservoirs and small
water bodies have been practiced since 1975 through the Sebeta Fish Breeding and Research
Centre (SFBRC). The research center released over 2.5 million fingerlings, primarily consisting
of Nile tilapia, Tilapia zilli and carp, but in the absence of systematic monitoring and evaluation

(due to weak institutional capacity) the success or failure of the program is unknown.

Aquaculture development in Ethiopia has been among the less attended sector of the economy
for a longer time, with limited budget and manpower allocated to it. It needs to be recognized as
an alternative means of achieving food security and poverty reduction in the rural area, and is
now considered an integral part of rural and agricultural development policies and strategies.
However, much remains to build institutional capacity in the areas of research, technology and

training, which will require external assistance.

In recent years, the situation in fishery and aquaculture is changing. This is may be due to
changed pattern of fish consumption because of increased awareness of the food value of fish by

the community and the economic benefit.

The tilapia fish especiallyD. niloticus (locally called “Koroso”) are widely distributed in

Ethiopia. The BOMOSA project was the one who pioneered the cage culture sys@ém of
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niloticusin the country. The project document was developed in 2005 in Machakos, Kenya and
officially launched in the year 2006. The project was completed in 2009. Recently, some
academic graduate students of AAU have conducted researches on cage culture practices of Nile
tilapia. These include researches on the effect of stocking density and supplementary feeding on
growth performance, survival and yield of Nile tilapia reared in cages by Abebe Tadesse (2007),
Ashagrie Gibtaret al., (2008), Kemal Mohammed (2008), and Abdilahi Dill (2010). Solomon
Hailu (2008) and Belistie Fentie (2008) were also conducted an experiment on the effect of feed
quantity and quality, respectively, on growth performance and water quality of Nile tilapia in

cage culture system.

According to Zenebe Tadeses (2010) about 70 feed ingredients were analyzed in East Africa, i.e.,
48 in Kenya, 14 in Uganda and 16 in Ethiopia by the BOMOSA project that thoroughly studied
proximate chemical composition, formulation of fish feeds and feeding and growth experiments.
These include:

* Animal origin - Omena/MukeneR@strineobolaargented, Haplochromines and Fresh
water shrimp Caridinanilotica), Poultry feathers, tilapia & catfish remains.

* Plant origin - Leaves from Banana, Papaya, Cassava, Leucena, Arrowroot, Sweet potato,
Water fern, Water hyacinth, Mexican sunflower, Sesbania, etc. Seed meals/cakes: Cotton,
Sunflower, Mango, Papaya, etc.

* By-products - Bran from Maize, Wheat, Rice, various seed husks, Vegetable residues,
Tea leaves residues, Brewery waste, etc.

Study was also done by Belsti Fetene (2008) to prepare low-cost farmer made high quality
locally available ingredients for tilapia production to manufactured aqua-feeds. This is because
locally available extruded feeds are not known in the country and also the cost of imported
fishmeal to the newly emerging aquaculture is unaffordable. He evaluated the effect of feed
quality at a rate of 3% body weight on growth performance and water quality in cage culture
system for production oD. niloticusfor a density of 100 fish per cubic meter net cage. He
studied the effect of mill sweeping, chicken dung and oil seed cake as supplementary feed and
the combination of either of the feed type in 50% proportion and all of the three feed types in
33.33%; even so, his study has not shown the percentage of crude nutrients in the mixed

formulated feeds. Moreover, another study by Solomon Hailu (2008) has been conducted to
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evaluate the effect of feed quantity at rates of 1, 2, 3, 4 and 5% body weight on growth
performance and water quality in cage culture system for producti@nroloticus,for a density
of 100 fish per cage (1 Inin the same area. Thus, this study is a continuation of the above

studies especially that of Belsti Fetene (2008).

On the other hand, the use of these supplementary feeds might cause water quality deterioration.
Therefore, water quality management is a key component in a successful operation including
cage culture. Such feeds can be traced to water quality problems. Thus, water quality
management is undoubtedly one of the most difficult problems facing the fish farmer. Water
quality problems are more difficult to predict and to manage. A more thorough study on water
quality problems should address such problems. Therefore, there is an urgent need to prepare a
low-cost farmers made fish feed for tilapia culturing, hence the purpose of the present study was
to evaluate the effects of supplementary feeding on the growth performance of Nile @Glapia (
niloticus) and its effect on water quality during cage culture practice in Lake Hora-Arsedi,

Ethiopia.

1.6. Objectiveof the study

The general objective of the study was to explore alternatives of locally available cost-effective
farmer made feeds on cage culture in order to improve food security, reduce poverty, protect
unwisely exploited lake and reservoir environment and maximize the contribution of fisheries to

the economy of the country.
The specific objectives were to:

v' compare growth performances of fishes fed naturally and with different supplementary
feed types

v assess the effect of quality of different feed types on growth performa@cendbticus
and yield in cage culture

v/ examine the effect of cage culture on water quality

14



2. DESCRIPTION OF THE STUDY LAKE

Lake Hora-Arsedi, one of the Debre Zeit (Bishoftu) crater lakes, was believed to be created
around 7000 years ago by volcanic collapse above zone of fractured rocks. The lake is a double
crater with a maximum depth of 38 m (North crater) and 31m (South crater) and a mean depth of
17.5 m, located 47 km away from Addis Ababa in the south eastern directibBGitatid 39E

at an altitude of 1850 m (Mohr, 1961; Prosseml.,1968; Wood et al.,1984).
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Figure 1: Map of Lake Hora—Arsedl -(.Bette Menglst) (Lamb, 2001)
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The vertical distance from the crater rim to the lake surface is about 80 m. Lake Hora-Arsedi
receives 43% of its total inflow from groundwater, but almost all water lose (97%) is by

evaporation. The annual variation in depth of this lake is less than a meter, which suggests the
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maintenance of water level by seepage to and from the water table (Baxter and Wood, 1965).
The residence time of water in the lake, calculated as lake volume divided by water flux
(Evaporation plus groundwater outflow), is 10 years in Hora-Arsedi (Odada and Olago, 2002).
The lake has a surface area of about 1.03 &nal a volume of 0.018 KimLike all the other
volcanic crater lakes in this area, Lake Hora-Arsedi is a closed system, surrounded by very steep
and rocky hills and cliffs. The catchment of the lake is formed from volcanic rocks of basalt,
rhyolite and tuff (Mohr, 1961).

Previous limnological studies on Lake Hora-Arsedi described bathymetry (Pebsde1968),

water chemistry (Prosseat al., 1968; Woodet al., 1984; Rippey and Wood, 1985; Zinabu
Gebre-Mariam, 2002), thermal stratification and mixing (Baxter and Wood, 1965; ¥Wabd

1976), chlorophyll “a” and phytoplankton (Wood and Talling, 1988), community structure of
Rotifera (Green and Seyoum Mengistou, 1991), temporal dynamic of phytoplankton biomass and
primary production (Abebaw Wendie, 2006), secondary production of the dominant zooplankton
(Ageze Abza, 2009), grazing impact of the zooplankton community on phytoplankton (Tamiru
Gebre, 2006), composition and abundance of benthic fauna (Habiba Gashaw, 2010), and

temporal changes of species composition (Tigist Wubshet, 2010).

The region around the lake is characterized by moderate rainfall, varying around about 850 mm
per annum (Rippey and Wood, 1985), high incident solar radiation and low relative humidity.
The region has two rainy periods, the minor one extending roughly from February to April and
the major one beginning in June and ending in September. The temperature of its surface water
was frequently found to be about®@2with a maximum of 24% and minimum of 19%,

while the bottom temperature was almost constant {@918.4C) (Wood et al., 1976). Its
seasonal cycle of stratification and mixing is probably similar to that of the nearby Lake
Babogaya (Pawlo), which mostly resembles hydrochemically (L20®1). The lake stratifies

during the February - October wet season, and mixes as a result of heat loss to clear night skies
during the dry season (Lamb, 2001). Through their studies over extended periods, Baxter and
Wood (1965) and Woockt al. (1976) have shown the frequent occurrence of pronounced and
deep-seated thermal stratification with a consequent stratification of various chemical species in
Lake Hora-Arsedi (Wooét al.,1984). The lake is a dilute lake with Nas the dominant cation
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and carbonate-bicarbonate as the dominant anion. The water is alkaline, with the erosion of
basaltic and hyper-alkaline rocks surrounding the lake playing an important role in increasing the

alkalinity of the water (Prosset al., 1968).

Table 2: Some limnological features of Lake Hora-Arsedi [Chemical data from Baxter (2002)

and morphometric data from Prossetral.,(1968)].

Parameter value
Surface area (kfh 1.03
Location 8°50'N,39E
Altitude (m) 1850
Maximum depth (m) 38 m in North crater and 31 m South crater
Mean depth (m) 17.5
Volume (kn) 0.018
Conductivity (1S /cm) 2350
Salinity (g/l) 2.57
Alkalinity (meq/ I) 26.5
pH 9.2
PO~P (g/1) <5
NOs-N (g/l) <5
SiO, (mg/l) <0.1
Sum of cations (meqg/l) 29.5
Sum of anions (meqg/l ) 32.9
Na’ (meq/l) 23.9
CI" (meg/l) 5.7
Chlorophyll ‘a’ (ng/l) 36

The phytoplankton community is dominated by the colonial cyanobactekficrocystis
aeruginosa(Wood and Talling, 1988) which is known to form blooms in some Rift valley and
crater lakes of Ethiopia. The zooplankton community includes the rofiEpanchna sieboldi
Leydig, Brachionus calycifloru®allas B. dimidiatusBryce B. urceolarisMiiller andHexarthra

jenkinae de Beauchamp (Green and Seyoum Mengistou, 1991) and copepod and cladocera
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(Tamiru Gebre, 2006). The Lake Hora-Arsedi fish fauna consists ofmiloticus which was

introduced around 1943 (Shibru Tedla, 1973). Currently it supports a pisci-fauna, which is

exclusively composed of Nile tilapia aidapia zillii although not much fishing is done except a

few tons of fish caught for consumption by people of the town.

Monthly average maximum and minimum air temperature and rainfall of experimental period of

the study lake area were gathered from Ethiopian National Meteorological Service Agency

(Figure 1). From the recorded data mean maximum monthly air temperature varied i@to 24

27.9C whereas the minimum air temperature ranges fromMiC6tb 13.8C within the

experimental time frame. The highest monthly rainfall (in mm) was recorded in time frame

extended from June to September while the climax was reached in July with rainfall of 197.9

mm. No rainfall was recorded from October to the harvest time.------------
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Figure 2: Meteorological data of Lake Hora-Arsedi (ENMA, 2010). [monthly average maximum

and average minimum air tempratut€) and monthly average rainfall (mm)]
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3. MATERIALSAND METHODS

3.1. Experimental site selection

Easily accessible and secured experimental site for cage placement was selected in Lake Hora-
Arsedi. Before the experiment starts the landing structure, walkway or jetty, for cage placement
was constructed by using eucalyptus wood. It had a U-shape with an average depth of 3.5 m and
a total length of 20 m (5 m away from the shore and 10 m connecting the two sideways in the
direction of off-shore) and also extended to right side from offshore side by 5 m for water
sampling (Plate 1). Cares were taken for site selection as per Coche (1982) so that there would be
sufficient water and oxygen circulation around the experimental site. Three sites, one in cage
area, the second on the other side of the shore, and one from off shore were chosen for physical
parameters, water quality data, phytoplankton and zooplankton sampling.

Plate 1. The walkway (jetty) at the study site
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3.2.  Construction of experimental cages

The cages were constructed in the Fisheries Laboratory of the Zoological Sciences Program Unit,
AAU by previous graduate students for experimental purposes. Due to lack of netting materials
in the country, it was difficult constructing new cages for experiment. Thus, the researcher
maintained the cages and re-used for this study. The standards of the constructions of the cages
were as mentioned in Beverage and Stewart (2002). The size of each cage®asrixi m x

1 m). The basic structural materials that were used for the construction of the frame was poly
vinyl chloride (PVC) material and an enclosure of netting material. The PVC was type 50, tube
of 10 cm with 1 mm polyethylene material. The PVC were cut at 1 m interval and fixed together
by using jointer and gum. The joints were fastened by using scotch-tape as additional re-
enforcement. The net mesh with 4 cm stretch length was used to enclose the whole cages. The
knotless net (provided by NFLARC) was cut according to the desired specification to enclose the

cages.

Finally, every mesh were double-laced, at every side of the four corners, using nylon twine (type
210D / 24). The lower square frames of the upper part were perforated so that the cage distends
and weigh down due to the entrance of water. Then, the cages were placed under the constructed
walkway (jetty) in line-ups at 1 m intervals. Cages were installed in a way that they all have

equal access to the natural food and water circulation in the two sites.

3.3. Juvenilecoallection method

O. niloticusjuveniles of mixed sex were collected for one week from Lake Hora-Arsedi (21-28
May 2010). They were collected by using beach seine hauls»Q.5nm (with stretched mesh

size of 20 mm). Immediately after capture, the fingerlings were stored and acclimatized for ten
days (28 May 2010 to 6 June 2010). After acclimatization, the stocked fingerlings were screened
out from other species likElapia zillii by using external morphological features (Plate 2). Total
length (TL, nearest 1Imm by measuring board) and total weight (TW, nearest 1 gm by Ohaus
balance) of each fingerling were measured and fish of length 120 mm - 130 mm with 40 gm - 45

gm weight were selected as experimental juveniles.

20



Plate 2: Juvenile collection and selection in the field

34. Transportation and stocking of juveniles

The amount of fish that can be safely transported in a fixed volume of water depends on the
species, the size of the fish, and whether or not aeration is supplied (Bocek, 1996). Because the
fingerling collection and the experimental site was in the same lake, however, the researcher
used appropriate beach seine nets to collect the required size and then transported the fingerlings
to the experimental cages by plastic bags and plastic barrel half-filled with lake water using

small boats (Plate 3).

Plate 3: Juvenile transportation
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3.5.  Feed and feeding

Fish diets were prepared from locally available feeds. These were Oil seed cake (O), Mill
sweeping (M), Rice bran (R) and Blood and Bone meal (B). Four combination of feeds were
prepared as diet-1 (ROM+B), diet-2 (RM+B), diet-3 (MO+B), and diet-4 (RO+B) (Table 4).

Table 4: Proportion (%) of different ingredients used in formulated diets

Ingredients Diets (%)

Diet-1 Diet-2 Diet-3 Diet-4

Blood and bone meal 20 20 20 20
Rice bran 26.67 40 - 40
Oil seed cake 26.67 - 40 40
Mill sweeping 26.67 40 40 -

In all the diets, 20% of blood and bone meal was added to increase the protein composition and
solve the Potassium (P) limitations which are major nutrient and mineral for fish growth,

respectively.

The nutritional proximate were analyzed for all tested feed types in the laboratory of School of
Chemical Engineering, Baher Dar University (BDU). The analyzed average proximate

nutritional compositions of diets used in this study are presented in Table 5:
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Table 5: Feed types used and their nutrient proximate composition

Feed type Nutrient Compositions
Moisture Ash Fat/oll Protein Fiber
(%) (%) (%) (%) (%)
Blood & boné 10.8305 20.8602 11.3638 52.4763  4.1839
Rice Brar?f 11.9914 14.2442 12.4849 17.4748 14.4190
Mill sweeping™ 14.0437 10.5271 5.78248 11.9150 10.8875
Oil seed cak¥ 4.0955 7.8139 9.17430 17.0556 12.9498

® Dried and grounded blood and bone of cattle from Addis Ababa abaftdiBran from rice, brought
from Amhara regional state Bahir Daf"™ A mixture of flours of Teff (Eragrostis teff), Wheat (Triticum
wulgare), Maize (Zea mays), Horse Beans (Vica faba), Field Peas (Pisum sativum), etc which are swept

from local mills and® By-product of local oil production system from Niger seed (Guizotia abyssinica).

The extruded feeds (pellet) were made in Fishery laboratory of AAU in the ratio mentioned

(Plate 4A). Whilst preparing the feed, the oil seed cake was soaked in water one day before the
pellet preparation. After measuring the needed amount of the feed, it was thoroughly mixed and
put in electrical extruder machine. The extruded feeds were dried under shed condition to protect

heat loss of the nutrients (Plate 4B).

Plate 4: Feed preparation (A) and shade dry (B)

Table 6 presents the supplementary feeds crude nutrients composition with respect to their dry
matters. For all formulated feed diets, the crude nutrients analyzed by Wandeed 2.8

software The mean dietary rude protein was 22.84%.
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Table 6: Composition of crude nutrients of the feeds and their respective dry matters

Treatments Crude Crude Crude Dry
protein, % fiber,% fat/oil, % matter, %
Diet-1 22.87 16.1 13.2 89.43
Diet-2 22.22 10.9 9.5 90.92
Diet-3 22.00 10.3 8.2 90.00
Diet-4 24.28 11.7 10.9 87.4

These compositions of dry feed, which are extruded to make pellet, were given two times per day
early morning at 7:30 AM and late afternoon at 4:00 PM as suggested by Chapman (2006) and
Cruz (1997) using small hand operation aluminum boat to reach the walkway. Feed rations were
placed in feeding trays, which were suspended at the midpoint in each cage. Stones were hanged
in the mid-point of the tray to prevent floating. The stocks had free access to the natural foods.
Feeding rates were adjusted every two weeks based on the average weight increment of fish.
Feeds were offered to the caged fish only at 3% of the body weight for the feed treatments as
described in Cruz (1997), Chapman (2006), and Solomon Hailu (2008) except for the controls

where fish get their food directly from the natural environment only.

3.6. Juvenilestocking

Equal number of mixed sex juveniles (100 fingerlings per each cage) with average 42.5 gm, were
stocked as proposed by Abebe Tadesse (2007) and Ashagrie &ilatla2008). Hence, four
feeding treatments (diet-1, diet-2, diet-3 and diet-4) with the same stocking density (100 fish per
cage) were used to evaluate the effect of feed quality on growth performance (where diet-1=
MOR, diet-2=RM, diet-3=MO, and diet-4=MR). Furthermore, triplicates of control groups (C
C,and G) with equal stocking density (100 fish per cage) but without feeding, were used to

evaluate the difference in growth performance between natural and supplementary feeds.
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3.7. Datacollection

3.7.1. Growth parameters

Initial weight, length and number of the stocks were recorded for each cage. Dead fish were
removed and recorded daily. From each cage 15 % of the fish were sampled randomly by scoop
net every 2 weeks. The fish length (using measuring board) and weight (using Ohaus portable
balance) were measured and recorded (Plate 5). At the end of the experiment, the fish were

harvested and counted, and weight and length of all fish were measured, and sexed.

Plate 5: Taking weight and length measurements at the experimental site

3.7.2. Physical parametersfor water quality analysis

Water temperature was measured with thermometer inrgtthly at 25 cm below the surface

of water at experiment (cage area) and the two control sites (Plate 6). Visibility was measured
monthly at 12:00 am using Secchi disk at the two sites. Visibility was calculated as the average
depth at which the Secchi disk disappeared when lowered, and the depth at which it reappeared
when raised (Boyd, 1990). The Secchi disk depth was used to estimate the euphotic depth of the
lake. Concentrations of dissolved oxygen (DO) were determined in-situ using Oxygen meter; the

pH of the water was also measured in-situ using pH meter.
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Plate 6: Taking physical parameter measurements

3.7.3. Estimation of zooplankton abundance

Water was collected at one meter depth at the three sites in order to investigate zooplankton
abundance. Zooplankton samples were collected with a net mesh sizerof6d diameter of

31lcm. The samples were immediately preserved in 5 % formalin. The volume of the water
filtered through the net were determined by using the formula (V = 3n)4nhere, r is the

radius of the net mouth and its depth from which the sample is taken. Based on this, the number
of organisms per cubic meter of the lake was calculated and then the number of each category of
zooplankton of the lake was expressed as peBmb-sample 20 — 25 ml were taken for counting
using pipette with wider mouth and poured into a gridded petri dish. Three grids were counted
for each sample after allowing the sample to settle and checking the uniform distribution
throughout the grids and then extrapolation were made. Counting was done with stereoscope
microscope (magnification of 5K) in the Limnology Laboratory of the Zoological Sciences
Program Unit, AAU. Zooplankton species were identified using keys (Fernando, 2002).
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3.7.4. Estimation of phytoplankton abundance

Samples for estimation of the relative abundance of the different taxonomic groups of the
phytoplankton community were collected with plankton net ofuiOmesh size at 1 m depth of

the open water from the three sampling sites (Plate 7). The samples were stored in brown bottles
preserved using Lugol’'s solution (Wetzel and Likens, 2000) and placed in a refrigerator. The
samples were examined with inverted microscope and the identification of phytoplankton to
genus or species level was made using different identification keys including Whitford and
Schumacher (1973); Talling (1987); and Willen (1991). Aliquots of the preserved samples were
used, after sedimentation, for the estimation of the relative abundance of the major algal groups
with Sedgewick-Rafter cell under an inverted microscope (Nikon) following the procedures

outlined in Hotzel and Croome (1999).

Plate 7: Zooplankton and phytoplankton sampling: Offshore (a) and at the experimental site (b)
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3.8. Dataanalysis

Growth performances of fish were determined and feed utilizations and survival were calculated
in terms of Weight Gain, Daily Growth Rate, Specific Growth Rate, Feed conversion Ratio,
Survival Rate and Net yield as described by Sveierl. 000). The visceral bodies to the fish

ratio were also compared. The above were estimated based on the following relationships:

v" Weight Gain = Final weight (Y- initial weight (W)

v Daily Growth Rate (DGR, g / day) 22 chft}l‘lf:;“dthe fish

y Jn(W1)-In(W2)
No. of culturing days

v' Specific Growth Rate (SGR, % / day X100 where W and W are initial

and final weight in gram respectively

v' Survival Rate (SR, %) %%X 100, where N — no. of fish harvested and N no. of fish
stocked

iomass gain

v Net yield (Kglyear) 2

Culturing days X365 days

yrotal weight of Dry Feed Given

. . .
v" Food Conversion Ratio (FCR, %) Total Weight Gain by Fish X 100
v Food Conversion Efficiency (FCE, %) 2 inwetweight offish 4

Feed Fed

v Visceral to somatic Weight Ratio (VSWR, %)—Véeigx;c’;}:?zfvj:r;:; °dY ¥ 100

Sex was differentiated at harvest time and sex ratio (male: female) was compared in terms of
percentage by their relative occurrence. The well being of fishes were studied by calculating the

Fulton Condition Factor (FCF). According to Bagenal and Tesch (1978) it was calculated as,

T™W
(TL)3

« FCF (% in gm/m)= X 100, where TW is total weight (gm) and TL = total length (cm)

The significance of relationships of growth performance data were statistically tested using one-
way ANOVA. Moreover, to check the variation in physical parameters, zooplankton and

phytoplankton abundance, one-way ANOVA, was used. These analyses were done using
software like SPSS (1999) and the graphs were plotted by Sigma plot and the excel software. All

statistical tests were considered significant at p < 0.05 as indicated in Sokal and Rohlf (1995).
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3.9. Economic Analysis

The production cost of the experiment was calculated following the method used by Etlard
(2010) based on the current market price of the ingredients in Ethiopia used for formulating the
diets. Economic evaluation in terms of Investment Cost Analysis (ICA), Production Value (PV),
Net Profit Value (NPV), Profit Index (PI) and Incidence of Cost (r) of caged Nile tilapia using
different mixtures of rice bran, oil seed cakes and mill sweeping as protein sources were
determined.

* Investment Cost Analysis (ICA) = Cost of Feeding (ETB) + Cost of Fingerlings stocked
(ETB) + Construction cost + Materials cost + Labor

* Production Value (PV) = Mean weight gain of fish cropped (kg) x Total number of survival
(n) x cost per kg (ETB/kQ).

* Net profit Value = Production Value — Investment cost
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4. RESULTSAND DISCUSSIONS
41. Results

4.1.1. Physical and Chemical Parameters

Water temperature (T), power of hydrogen (pH), dissolved oxygen (DO), secchi depth were
measured at monthly interval during the study period. Figure 3 indicates that maximum water
temperature (27.5°C) was measured in June and July at Site | (littoral) and 27.3°C at Site Il
(open water), whereas the minimum water temperature was registered as 18.5°C and 18.1°C in
November for the littoral and off-shore sites, respectively. Mean water temperature was above
27.2°C till the end of July and decreased to 21°C in August. It had progressively increased in
September, and then cooled down in the last two consecutive months of the experimental period
(Figure 3). The physic chemical measurements at the two littoral sites were congruent to each

other that the researcher omitted the littoral measurements away from the cage for comparison.

30 +

25 A A
\A/ —

20 - ~

e
15 -
—o—Site |

Site Il

24-May 22-Nov

21-Jun ‘ 19-Jul ‘ 30-Aug ‘ 27-Sep ‘ 25-Oct

Temprature

Figure 3: Water temperatur¥C() vs. time profile at the study site

The pH of the water ranged from 8.4 to 9.4 whilst the range of the DO measured varies from
4.79 to 7.53 (littoral) and 4.32 to 7.98 (off-shore) (Figure 4). The secchi depth ranged from 88
cm to 124 cm at the littoral site while 89 cm — 130 cm was recorded for open water. High water

light transparency was measured in July at the two sampling sites (Figure 5). In spite of the
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variations in the measurement value at different sampling periods, all the values of physical

parameters were not significantly different among sampling sites at 5% probability.
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Figure 4: pH and DO (gm/lit) vs. time profile at the study site
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Figure 5: Secchi depth (cm) and Euphotic depth (cm) vs. time profile at the study site
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4.1.2. Growth performance

Four kinds of different supplementary feeds were given to triplicates of dageudloticus,
whereas a triplicate caged fish was left for natural foods. Initial and final body weights gain (gm)
and lengths (mm) with their net weight gain (kg) and annual production (kg) were measured and
are given in Table 6. There was insignificant difference in weight and length of stocked fish at
the beginning of the study (P > 0.05). There were no significant differences among the triplicates
in all the sampling weeks (P > 0.05) (Appendix I). Hence, data from triplicate were pooled for
each treatment prior to analysis. However, significant statistical differences were found between

treatments in terms of final growth parameters (P < 0.05).

41.2.1. Mean length and weight of thefish

The mean initial length of the fish were 123.36 *+ 1.43, 119.71 £ 1.14, 123.57 + 1.32, 125.00 £
1.50, and 119.32 + 1.44 mm whereas the mean initial weight of the fish were 42.92 + 2.12, 43.51
+2.36,42.98 + 1.97, 43.27 £ 2.21, and 42.80 + 2.53 for diet-1 (ROM), diet-2 (RM), diet-3 (MO),
diet-4 (RO), and J (non-feeding), respectively. The mean final fish length and weight in all the
treatment, at harvest time, were measured and presented in Table 7. As shown in the table, the
mean final length of the experimental fish were 180.5 + 1.43, 181.2 + 1.57, 184.5+1.34,171.0 +
1.61, and 171.4 + 1.91, whereas the mean final weight of the fish were 197.38 + 5.57, 169.27 +
6.31, 182.16 £ 4.12, 146.27 + 6.82, and 80.62 + 3.34 for Diet 1, 2, 3, 4parebdectively. The
highest weight gain (197.38 gm) . niloticus was observed in diet-1 followed by diet-3
(182.16 gm) , diet-2 (169.27 gm) , and diet-4 (146.27 gm). The data were also tested at 5%
probability and the growth performance of the fish was significantly affected by supplementary
feeding at 100 fish/fcage when they were fed 3% of their body weight. Generally, on the basis
of net weight gain and growth parameters the following trend emerged: diet-1 > diet-3 > diet-2 >
diet-4 (Figure 6).

The measurement of the control group,)(Tvas significantly lower than the ones with
supplementary feeds after the first sampling weeks (P < 0.05). Until the fifth sampling week, the

caged fish fed diet-1 and diet-3 did not show significant variation at 95% confidence interval of
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Table 7: Initial and final body weights and lengths, and growth performand@s mfoticusin terms of growth parameters for each

treatment and the control

Treatm Stocking Final total Mean length of Mean weight Mean length Mean weight Total weight  Total net

ent density harvest initial stock  of initial stock of final stock of final stock gain yield
(Fish/nr) number (mm) (gm) (mm) (gm) (Kg/cage) (Kglyr)
Diet-1 100 94 123.36+1.43 42.92+2.12 180.5+1.43 197.38+5.57 15.26 30.93
Diet-2 100 88 119.71+1.14 43.51+2.36 181.2+1.57 169.27+6.31 12.56 25.49
Diet-3 100 92 123.57+1.32 42.98+1.97 1845+1.34 182.16+4.12 13.92 27.84
Diet-4 100 88 125.00+ 1.50 43.27+£2.21 171.0+1.61 146.27+6.82 11.67 23.33
To 100 80 119.32+1.44 42.80+2.53 171.4+1.91 80.62+3.34 3.79 7.56
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analysis of variances, however, after the fifth sampling period the variation went to differ
significantly (P < 0.05) until the end of the experimental periods. The other remaining
supplementary feed items, diet-2 and diet-4 showed significant difference after the first sampling
week and throughout the entire experimental period. Diet-4 showed the least growth
performance in all sampling weeks, whereas diet-1 took the highest growth performance among

the tested feed items.
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Sampling weeks
Figure 6: Weight gain measured during sampling weeks of the experimental period

4.1.2.2. Daily Growth Rate (DGR)

For each triplicate treatment, the mean daily growth rate (DGR) was calculated between each
sampling period of the study time (Figure 7). The maximum mean of the DGR (0.92
gm/individual/day) was observed in diet-1, and minimum mean of the DGR (0.68
gm/individual/day) was observed in the experimental fish which fed diet-4. The control DGR
was 0.28 gml/individual/day. The mean DGR, however, was significantly affected by

supplementary feeding (P < 0.05).
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Figure 7: Mean daily growth rate of cag@dniloticusin treatments and the control

4.1.2.3.

Maximum mean SGR 0.90%/day/fish was exhibited in the treatment with diet-1, whereas the
minimum mean SGR was recorded as 0.78%/day/fish in diet-4. The control had the lowest mean
SGR of 0.38%/day/ fish (Table 8). The specific growth rate increased from diet-4, to diet-2, to
diet-3, and to diet-1(Figure 8). These data were statistically tested at 95% confidence interval and
there were significant variation among the treatments. The best SGR was seen by the triplicate

caged fish fed with diet-1, whilst the least growth performance among the treatment was

W2 w4 W6 W8 W10 W12 W14 W16 W18 W20 W22 W24 Mean

Sampling weeks

Specific Growth Rate (SGR)

recorded in diet-4.
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Figure 8: Mean specific growth rate of cag2dniloticusin treatments and the control

4.1.2.4. Feed Conversion Ratio (FCR)

The food intake and food conversion ratio of the different feed treatment are shown in Table 8.
The food conversion ratio ranged between 1.04 to 8.81 for teel-67 to 11.13 for diet-2, 1.03

to 10.78 for diet-3, and 2.44 to 6.40 for diet-4. The mean FCR recorded in the treatments did not
significantly vary to tell the differences of the conversion ratio. However, the best food
conversion ratio was seen in the treatment fed diet-1, till week 14, whilst the least FCR exhibited
from the experimental cages fed with diet-4 before sampling week 12. Therefore, there was a
significant difference of the FCR when the data was tested at 5% probability.
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Table 8: Total amount of feed supplied, mean weggltt, feed conversion ratio and feed conversion efficiency of treatments

Parameters
Diet-1
Dry feed
dry feed/day/fish
FCR
FCE

Diet-2

Dry feed

dry feed/day/fish
FCR

FCE

Diet-3

Dry feed

dry feed/fish/day
FCR

FCE

Diet-4

Dry feed

dry feed/fish/day
FCR

FCE

W>
60.22
18.03

1.29
1.04
95.97

49.50
18.27
1.31
3.05
32.78
60.60
18.06
1.29
1.03
97.52
50.72
18.17
1.30
2.44
41.02

W,
72.95
25.29

1.81
1.99
50.32

61.97
20.79
1.49
1.67
59.96
71.08
25.45
1.82
2.43
41.19
55.86
21.30
1.52
414
24.14

We
83.94
30.64

2.19
2.79
35.90

68.84
26.03
1.86
3.79
26.38
82.15
29.85
2.13
2.70
37.07
60.15
23.46
1.68
5.47
18.28

Ws
96.24
35.26

2.52
2.87
34.89

79.56
28.91
2.07
2.70
37.08
91.84
34.50
2.46
3.56
28.10
67.28
25.26
1.80
3.54
28.23

Wio
112.22
40.423

2.89

2.53

39.53

93.38
33.41
2.39
2.42
41.37
108.90
38.57
2.76
2.26
44.21
75.24
28.26
2.02
3.55
28.15

Wi,
130.09
47.13
3.37
2.64
37.91

108.38
39.22
2.80
2.61
38.26
121.44
45.74
3.27
3.65
27.43
85.38
31.60
2.26
3.11
32.11

W14 Wie
145.53 156.89
5464 61.12
3.90 4.37
3.54 5.38
28.27 18.58

134.02
49.70
3.55
3.17
31.58
144.35
56.00
4.00
5.08
19.68
108.27
40.58
2.90
3.48
28.70

118.33
45.52
3.25
4.58
21.85
133.33
51.01
3.64
4.29
23.31
96.63
35.86
2.56
3.19
31.36

Was
168.54
65.90
471
5.66
17.67

143.62
56.29
4.02
5.86
17.05
156.38
60.63
4.33
5.04
19.85
117.28
45.47
3.25
5.05
19.79

Wao
179.83
70.79
5.06
6.27
15.95

Wa,
188.00
75.53
5.39
8.82
11.34

163.11
64.19
4.59
6.25
15.99
175.32
69.39
4.96
7.44  6.86
13.44 14.57
129.38 137.27
49.25 54.34
3.52 3.88
4.07 6.89
2459 14.52

152.84
60.32
4.31
6.54
15.29
165.21
65.68
4.69

Waq
197.38
79.12
5.65
8.80
11.36

169.27
68.51
4.89
11.13
8.99
182.16
73.64
5.26
10.77
9.28
146.27
57.65
4.12
6.40
15.61
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4.1.25. Food Conversion Efficiency (FCE)

The food conversion efficiency (FCE) of the caged fish was highest at the first sampling week
for diet-1 and diet -3 (95.97% and 97.52%, respectively) (Table 8). The two combined diet with
rice bran (diet-2 and diet-4) were the least in their efficiency to be converted by the fish than
diet-1 and diet3. Therefore, the rice bran was re-grinded to increase its digestibility. As a result
relative increased FCE recorded after the third sampling time. Generally, the trend of FCE for

this study decreased with increasing experimental time.

41.2.6. Production at harvest

The final net yields ofO. niloticus, during 180 days of the experiment, were significantly
affected by supplementary feeding (P < 0.05). The total average weight gained (production) for
each treatment per cage is given in Table 6. Net yield per fish was positively affected by
supplementary feeding. Thus, the weight gained (net production) per individual treatment of the
feed was highest at diet-1 (197.38 gm/fish), followed by diet-3 (182.15 gm/fish), diet-2 (169.27
gm/fish), and diet-4 (146.27 gml/fish). Furthermore, the net fish biomass was computed for all
treatments after harvesting. Total weight gain of the experimental fish had the following
measured value at the end of the experiment, i.e. diet-1= 15.26 Kg/cage, diet-2 = 13.92 kg/cage,
diet-3 = 12.56 Kg/cage and diet-4 = 11.67 kg/cage (Table 5). The biomass per cage calculated
for the control (T = 3.79 kg/cage) was significantly lower than the feeding treatments (P < 0.05).
These net weight gains were also extrapolated in annual net production and the calculated value
showed 30.93 kg/year for diet-1, 25.49 kg/year for diet-2, 27.84 kg/year for diet-3, 23.33
kg/year for diet-4 and 7.56 kgl/year for the control cages. The result showed that there is
significant difference among the treatments in annual net production (P < 0.05).

4.1.2.7. Fulton Condition Factor (FCF)

The Fulton Condition Factor (FCF) calculated for each sampling period ranged from 1.81 to 3.57
for diet- 1, 1.69 to 3.15 for diet- 2, 1.75 to 2.90 for diet- 3, 1.56 to 2.96 for diet- 4, and 1.42 to

1.92 for Co (). The initial FCF of the experiment for the treatments ranged from 1.75 to 1.90,
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which were not significantly different (P > 0.05). Except the caged fish fed with diet-3 all the
remaining caged fish measured less during the first sampling time. There were no significant
difference between the non-feeding, diet-2 and diet-4 until the sixth sampling period (P > 0.05),
however, the FCF after August 30 was significant in all treatments (P < 0.05). The data reveals
that there was significant effect of feed quality and culturing period on conditioning factor (P <
0.05), i.e. diet-1 was the better feed regarding this and followed by diet-3 and diet-2. Best Fulton
condition was seen in diet-3 from sampling weeks twelve to the end of the study time, i.e. the
values were approximately three in these times, while the FCF value of diet-1 was greater than 3.

Whereas, in all sampling times the control showed FCF value less than 3.
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Figure 9: Fulton condition factor @. niloticusin all the treatments

4.1.2.8. Survival Rate (SR)
A majority percentage of the mortality rate, i.e. 20%, was observed (oontrol cages). The
survival rate for those supplemented with feeds, however, ranged from 88% to 94%. These are
94 % for diet-1, 92% for diet-3, and 88% for both diet-2 and diet-4. Before"tsarBpling
period and between™7and 18 sampling times the survival rate was almost 100% (Table 9).
Maximum death (high mortality) was registered in between the two last sampling weeks i.e.
eleventh and twelfth weeks. This was the time when the temperature of the water fell down and

mixing of water took place. Other fish deaths were noted at the tenth and
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Table 9: Survival and mortality of experimental caged fish along the experimental period

Treatm No. of Number of dead fish

ent

Diet-1
Diet-2
Diet-3
Diet-4
To

stocked 7- 21- 5- 19- 2- 16- 30- 13- 27- 11- 25- 8- 22-

fish Jun Jun Jul Jul Aug Aug Aug Sep Sep Oct Oct Nov Nov
3x100 - - - - 1 - 3 - - - - 5 9
3x100 - - - - 22 - - - - - 14 18
3x100 - - - - 1 2 - - - - - 8 13
3x100 - - - - 2 1 - - - - -9 14
3x100 - 3 - - 3 2 - - - 3 - 19 30

40

Total

number
of dead

fish

18
36
24
36
60

No. of
harves
ted
fish
282
264
276
264
240

%

94
88
92
88
80



twelfth sampling time, by the time the measured temperature values were also small and high
rain fall was recorded. Generally, in the experimental study survival rate of the fish were not
significantly affected by the supplementary feeding in the confidence interval of 95% for diet-1
and diet-3 and also for diet-2 and diet-4, however, along the experimental treatments, there was

significant difference (P < 0.05) in percentage of survival rate.

41.29. Sexratio(Male: Female)

Male to female fish sex ratio at different treatment are given in Table 10. Out of the total
stocked 1,500 fish about 1,326 fish (88.40%) were harvested at the end of the experiment,
whereas sex-wise 804 (60.63%) of them were males and 522 (39.37%) of them were females.
The proportion of male to the total harvested number of fish was 55.09% for diet-1, 56.02% for
diet-2, 51.81% for diet-3, 68.79 for diet-4, and 75% ferThe growth performance of the males

was better than the females (P < 0.05).

Table 10: Sex ratio and mean weight of the caged fish with respect to their sex

Treatment Mean weight Mean weight Male to Mean number ol % of the

of the male of the female female growth harvested fish male

ratio
Diet-1 201.79+4.32  188.3815.22 1.071 94 55.09
Diet-2 184.35+5.10  172.59+4.45 1.068 88 56.02
Diet-3 185.97£3.99 170.13+3.35 1.093 92 51.81
Diet-4 165.22+3.25  154.36+4.01 1.070 88 68.79
To 83.11+3.67 78.15+£3.78 1.063 80 75.00

4.1.2.10. Visceral to Somatic Weight Ratio (VSWR)

At the end of the present study, 15% of the fish were randomly sampled and weighted and then

the visceral body of the fish was weighted after removal by dissection. Table 11 showed that the
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percentage of the visceral body to the total weight gain along the experimental period was
significantly different (P < 0.05). The largest percentage of the VSWR was found in diet-4

(12.64%) whereas the smallest one was recorded in the control groups (6.10%). The remaining
treatments were 7.39%, 8.01%, and 9.56%, in increasing order, in diet-1, diet-3 and diet-2,

respectively.

Table 11: Comparison of visceral to somatic weight of the experimental fish

Treatment Sex Somatic Visceral % of Total
weight weight VSWR percentage

Diet-1 Male 201.79 14.32 7.09 7.39
Female 188.38 14.51 7.70

Diet-2 Male 184.35 15.63 8.48 9.56
Female 172.59 18.50 10.72

Diet-3 Male 185.97 13.84 7.44 8.01
Female 170.13 14.67 8.62

Diet-4 Male 165.22 19.00 11.49 12.69
Female 154.36 21.57 13.97

To Male 83.11 4.50 5.41 6.10
Female 78.15 5.35 6.84

4.1.3. Plankton

4.1.31. Zooplankton abundance

List of zooplankton identified during the study period is presented in Table 12. Rotifers were the
dominant species of zooplankton in abundance and diversity regarding both sampling months
and the sampling sites, whereas cladeceran were hardly to occur both at the littoral and off-shore
in all sampling months. However, there were temporal and spatial significant variations of the
zooplanktons abundance at 5% probability (Figure 13). There were also significant variation in

abundance among the rotifers, copepods and cladoceran. There was insignificant variation in
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between the two littoral sites (P > 0.05) but significant variation between littorals and off-shore
sites (P < 0.05).

Table 12: Zooplankton taxa identified from Lake Hora-Arsedi

Rotifers Copepode Cladoceran
Brachionus angularis Cyclopoida Moina Micrura”
B. bidentata « Thermocyclops consimili§*  Ceriodaphnia spp
B. calyciflorus™" Calanoida

B. pilicatilis™ + Paradiaptomus Africana

B. quadridentatus
B. dimidiatus
B. plicatilis’

Keratella sp

+ ++ most dominant, ++ dominant, + common, - rare
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Figure 10: Temporal and spatial zooplankton abundance’{Mdfrhake Hora-Arsedi during the

study period at littoral and open water
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4.1.3.2.  Phytoplankton abundance

Five classes of phytoplankton were identified in this study from Lake Hora-Arsedi. These were

Cyanophyceae (blue-green algae), Bacillariophyceae (Diatoms), Chlorophycea (Green algae),

Euglenophyceae and Cryptophyceae (Crytomondas). These classes were further identified into

ten species and seven genera (Table 15). Blue-green algae were the abundant species that

reached climax in October (Figure 11). The abundance of the diatoms and green algae increased

from July to September and June to September (Figure 12), respectively. The other remaining

classes of phytoplankton decreased throughout the study period from June to November (Fig.14).

Table 13: Phytoplankton taxa identified from Lake Hora-Arsedi

Classification

Identified Species

Cyanophyceae (Blue-green algae)

Bacillariophyceae (Diatoms)

Chlorophycea (Green algae)

Euglenophycaeae

Cryptophyceae (Crytomondas)

Microcystis aeuruginosa”
Anabaena Raciborskii' .
Cylindrospermosis sp
Planktolyngbya sp
Achananthes sp.
Fragilaria crotonensi§™
Cyclotela sp.

Cymbella sp.

Synedra nana
Pediastrum simpléx”
Scenedesmus $p.
Chlamydomonas sp.
Kirchnerilla sp’

Phacatus lenticularis

Staurastrum sp.

Phacus longicauda

Cryptomonasvate™

+++ most dominant, ++ dominant, + common
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4.1.3.3. Economic Analysis
A total of 722 kg feed ingredients were used to prepare the food, i.e. 144 kg of blood and bone
meal, 184 kg of rice bran, 191 kg of oil seed cake and 202 kg of mill sweeping. The price of
blood and bone, rice bran, oil seed cake, and mill sweeping were cost 5, 0.80, 2.50 and 2 birr /kg,
respectively. Therefore, 1,753.20 Birr was paid to buy the whole ingredients of the fish feed of
this study (Table 13). Since, the fingerlings were collected from wild and assuming the labor cost
might be covered by the farmer itself, the ICA equals the cost of feeds plus construction cost and
material cost. To construct twenty meter walkway (jetty) and fifteeri hencages, as per this
experiment, an estimated capital of 19,200 Birr is needed. Producing twice a year, the service
year of the installation is expected to be eight years. Therefore, dividing the construction and
material cost for the service years gives 1,200 Birr in each culturing period. Further analyzing
the share of 1,200 Birr construction and material cost for the four treatments and one non-feed
triplicates valued 240 birr for each. The current fish price per kilo gram is 30 Birr. Therefore, the
total PV and NPV were calculated as 6148.83 and 3195.43 Birr, respectively (Table 15).

Table 14: The amount and proportion of feed ingredients used for this study

Treatments Amount of Proportion of the ingredients used (in kg)

feed given Blood and Rice bran Oil seed Mill
(kg) bone meal cake  sweeping

Diet-1 206 41 55 55 55

Diet-2 175 35 70 70

Diet-3 194 39 77 77

Diet-4 148 30 59 59

Total 722 144 184 191 202

Table 15: The economic analysis parameters of feed used in this study

Treatment Cost of feed ICA PV NPV

Diet-1 496.50 736.50 1667.72 931.22
Diet-2 371.00 611.00 1340.62 729.42
Diet-3 541.00 781.00 1401.56 620.56
Diet-4 344.70 584.70 1158.46 573.76
To 0.00 240.00 580.47 340.47
Total 1,753.20 2,713.20 6148.83 3195.43
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4.2. Discussion

Obtaining fingerlings from the wild has some disadvantages: it disturbs the natural stock,
difficulty of collecting the same year group (cohort group) and failure to have mono sex (only
male sex is preferred for culturing). Particularly, the starved fish having equal size with the
required fingerlings size grew faster when they are provided with supplementary feeds by
compensation growth and this leads the standard deviation to vary largely. For example, the
standard errors in final measurement of the harvested fish were also varied largely than the

stocked initial weight measured value (Table 6).

According to McGinty (1991), the possibility of the wild fish to enter the cage is unlikely,
however, the researcher observed some fish smaller than the size of the caged fish sthce the 6
sampling week around feeding tray while the caged fish provide their daily ration. This was also
reported by Ashagrie Gibtaet al.,(2008). The presence of these small sized fish inside the cage
may have influenced the result obtained since these wild fish were at fry and fingerling stage and
compete for the supplementary feed given to the experimental fish. The wild fish will not only
enter to the cages and compete for the fish feed and influence the density of the stocked fish, but
also they were attracted to the outer wall of the cages. According to Ashagrie € iaka(2008)

this attraction to the outer side of the cage has its own merit in preventing sedimentation of
wasted feed and minimizing the effect of feed on the natural environment, like nutrient loading

when it is in large scale of production.

4.2.1. Physico-chemical parameters

The present study started in May and extended to heavy rain season and completed in dry season,
after one week of fingerling collection and additional ten days of acclimatization. Especially, in
the last two months of the research, there was some problem of caged fish kill as a result of lake
mixing that could be as a consequence of heat loss to clear night skies during the dry season
(Lamb, 2001). Therefore, for deep lake like the study site, vertical mixing is expected during dry
season due to reduction in water temperature. Thus, stocking seasons need to consider the time

of harvest to minimize fish deaths.
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Though the water temperature range is between acceptable ranges for tilapia survival [capable of
tolerating temperature from°8 to 42C (Trewavas 1983)], tilapia shows better growth
performance at water temperature in betweeiC 26 33C (Guerrero, 1985). Probably due to

low crude protein content of the diets, low water temperature and heavy rainfall, there was
relatively decreased maximum growth performance within the six months time interval when
compared with previous similar study by Belsti Fetene (2008). The pH of the lake was equivalent
to Abebaw Wendie (2006) and Tigist Wubshet (2010) who reported the range of 8.6 to 9.3. The
optimum range of 6.5 — 9.0 of pH is recommended for warm water fish culture (Sophin, 2001).

However, better growth @. niloticusis expected from pH level of 6.8 to 8 (Coche, 1982).

Suspended and dissolved solids, re-released chemicals from the sediments and fish respiration
may affect water chemistry (Shakouri, 2003). Oxygen consumption by mass fish in a cage could
be significant; for example, according to EAO (1996) report in one cubic meter of cage the
demand would be 500 gm of@ay. Though DO level at 25 cm below the surface at the two
sampling sites showed insignificant difference (P > 0.05), this research did not analyze the
difference at depth and the impacts of adding supplementary feed to the bottom fauna. However,
due to severe accumulation of biological and chemical processes in enriched sediments, the
water next to the bottom may be affected, particularly in deep and stagnant waters with low
exchange rates (EAO, 1996). According to Nash, (2001), for example, in salmon cage culture,
DO concentrations decline to a critical level for benthic fauna. In this study, the effect of

supplementary feeds to the bottom strata in cage culture system of Nile tilapia was unknown.

4.2.2. Growth performance

According to Levell, (1989), feed quality, energy content of the diet, physiological status of the
fish, reproduction state, stocking density, sex, and the environmental factors such as temperature,
pH, DO, etc influence the growth performance of tilapgia (iloticug. Coche (1982) had
explained that when natural food is insufficient but still an important part of the diet,
supplementary feeding is practiced with relatively low cost, locally available agricultural by-
product. This study, therefore, tried to test four different, low cost, locally available, and plant
source supplementary feeds so as to contribute to the tilapia aquaculture practice of the country.

However, according to Foutainhas-Fernanetkesl., (1999), complete replacement of fishmeal
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partially or totally with plant protein in particular diets of varies warm water fish has had varying
degree of success. It is generally observed that plant proteins have lower nutritive value than fish
meal and high levels of inclusion of plant protein usually results in reduced growth and feed
efficiency. The ability of fish to utilize plant proteins also differs among species. Taking this into
account there was an attempt to enhance fish growth by incorporating blood and bone meal
(crude protein, 52%) to all the formulated diets. This is also credited for solving the limitation of

phosphorus in the diets.

Proximate analysis of the feeds tested in this experiment showed that the test feeds differed in
nutritional quality and efficiency in promoting the growth@fniloticus This study, like similar

study done by Belsti Fetene (2008) in the country, found that the quality of the supplementary
feeds significantly affect the growth performance of the caged fish without affecting the water
quality for at least at experimental level. Other studies by Abebe Tadesse (2008), Ashagrie
Gibtanet al.,(2008), Kemal Mohammed (2007), Abdillahi Dill (2010) and Solomon Hailu (2008)
who did their experiments on stocking densities, feed quantity and feed quantity of different
lakes and reservoirs also mentioned that supplementary feed increases the growth performance of

O. niloticus without harming the water quality.

In the present study, relative comparisons of growth performan@e rafoticus in response to
supplementary feeds showed that caged-fish fed with diet-1 (rice bran — oil seed cake - mill
sweeping) attained best growth (197.38 gm), whilst caged-fish fed with diet-4 (rice bran-oil seed
cake) exhibited the least growth performance (146.27 gm) though the crude fiber and crude fat in
the former diet and crude protein percentage in the latter diet is greater. Against this finding,
Lennaet al., (2004) has verified that it is possible to use, in the diet, levels up to 12.00% of crude
fiber and its excess tends to decrease the weight gain and the protein efficiency rate, besides
worsening the feed to gain ratio; the fiber significantly affect the dietary apparent digestibility,
with positive and negative effect on the protein and dry matter digestibility, respectively, and
without effect on the ether extract digestibility; the crude fiber did not significantly affect the
carcass Yyield and the eviscerated fat deposition. The possible justification of the better growth
performance of the caged tilapia supplemented with diet-1 might be nutritional contents of the
diet; that is the fish might obtained plant protein from different sources for essential amino acids.

This can be explained more probably due to more favorable EAA balance than the other diets
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(diets- 2, 3, and 4). The one missed in either of the feed might be found in the third ingredient.

The non-fed triplicates were the ones who perform lowest growth (80.62 gm) than fed fish.

Study by Belsti Fetene (2008) proved lower nutritional value for 100% oil seed cake (protein,
36%) than mill sweeping (protein, 12.5%) and chicken dung (protein, 23%). Earlier study by Liti
et al., (2005) also compared rice bran with two locally formulated feeds and observed lower
growth in the rice bran. In the present study, the lower growth performance was observed in the
mix feed of oil seed cake and rice bran (diet-4) than the other formulated feed types. These
findings revealed that mixed feed of these two plant protein sources or either of rice bran or oll
seed cake in 100% proportion did not favor growtlOohiloticus Other studies done on seed

meal and seed cake of cotton reported that lower growth rates and feed effici@ncylaoticus

andO. aureusthan fish fed with fishmeal based diets [Ofojekw and Ejike (1984) and Robinson

et al. (1984a) cited in Belsti Fetene (2008)]. They concluded that the poor response was
attributed to the presence of gossypol, a toxic component for mono-gastric animals and
cyclopropionic acids contained within cotton seed meal. Further, a low availability of lysine
limits the nutritional value of this protein source [Jauncey and Ross, (1982); cited in Belsti
Fetene (2008)]. Generally, the reasons for poor growth performance of the fish might be: a)
presence of ant-nutritional factors or toxic substances, b) improper balance of essential nutrients
such as amino acid, energy and minerals c) presence of high amounts of fiber and carbohydrate,
d) decrease of palatability of the feed, e) reduction of pellet quality especially their water

stability and, f) the uncontrolled environment.

In spite of having small amount of crude protein, diet-3 (mill sweeping-oil seed cake) ranked
second in increasing the growth of tilapia. This might be credited for the presence of essential
amino acids and least content of crude percentage and crude fiber in the formulated diet. It is
most important to take into consideration that plant source proteins are low in content (Oresegum
and Alegbeleye, 2001; Ibiyo and Olowosegun, 2004), amino acid imbalance (Eyo, 2001) and
presence of anti-nutritional factors (Oresegun and Alegbeleye, 2001). Though the present study
deals with low percentage of crude protein plant source diets, it did not check the composition of
EAA in the diets and also the anti-nutrition effect of the diets. Regarding this, further study needs

to be conducted.
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In this study, mean DGR was observed in the range between 0.68 gm/day in diet-4 to 0.92
gm/day in diet-1 for those that are supplemented with feed and 0.28 gm/ day for the non-feed
cages. These mean DGR values are relatively smaller than the previous cage culture researches
done in Ethiopia. For example, Abebe Tadesse (2007) and Ashagrie @&tbtdn (2008)

reported 0.82 to 1.26 gm/day. This difference could be attributed to probably the difference in
culturing season besides the difference in feed quality mentioned above. The present study
started just before the rainy season, passed the high rainfall time and extended to the dry season
whereas all the other researches were done either immediately after the rainy season or in dry
season and extends to the just before the rain season. Chervinski and Lahav, (1997) mentioned
that exposure to reduced temperature leads to reduced DGR and mass mortality. They also
explained wintering as a serious economic challenge in major tilapia producing countries such as
China and Egypt. In addition to the nutritional values of the diet the culturing season might affect
the growth of the fish. For example, with decreasing water temperature from 3Ctd~24ncis

et al., (2001) observed declined fish daily growth rate from 2.5 to 1.3 gm/day.

The SGR forO. niloticuswas 0.91, 0.85, and 0.81 %/day/fish, respectively, for diet-1and diet-3.
The SGR of the control was 0.38%/day/ fish. Fibapia rendalli,in agreement to this study, the
specific growth rate was 0.83, 0.97, and 0.87 %'dayearthen ponds that were fertilized with
chicken manure (100%), maize bran (25%) + chicken manure (75%), and Maize bran (100%),

respectively (Mataka and Kangombe, 2007).

FCR is a reliable indicator, which integrates all farming condition into a qualitative scale. Lower

FCR means less input of organic matter and consequently less wastage (Shakouri, 2003).
Nevertheless, this study was not considered the natural fish feed found in the lake which brought
about average 37 gm growths in the control during the study period while calculating the FCR

and FCE. In addition to this, solubility of the pellet was not tested and the un-eaten feeds were
not re-collected and measured to have the figure of the ingested food by the fish. Anyhow, the
least value of FCR was calculated from diet-1, diet-3 then diet-2. From September on wards, the
FCR become increasing to a large number with decreasing the temperature of the water. The
higher protein composition was in diet-4, but it showed lower FCR. Wee and Wand (1987) also

observed very poor FCR values while they fed high level of plant sources crude protein to tilapia.

According to Al-Hafedh (1999), FCR values decreased with increasing protein level. Similar to
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this report, the present study showed better FCR in diet-3 and diet-2 than diet-4 (protein,
24.28%). This is probably due to the higher composition of the fiber in rice bran and oil seed
cake and also it might favor fat accumulation than body building in diet-4. It is also very

important to find out if there is anti nutritional effect of the feeds and the presence of essential
amino acids (EAA).

The present observation found out better food conversion efficiency in diet-1 and diet-3. Diet-2
and diet-4 had FCE smaller than diet-3 though percentages of their crude proteins are large.
Siddiquiet al., (1988) reported that feed conversion efficiency increased with increasing protein

level up to 40% and then decreases for the diet containing 50% protein in cu@iunifgicus

There is a direct link between supplementary feed and total production, i.e. good quality of the
feed brings highest biomass gain. This is in agreement with that reported by Belsti Fetene (2008)
who conducted similar study with different feed combination and other studies conducted by
Abebe Tadesse (2008) and Ashagrie Gilghal., (2008) who worked on stocking density. The
annual estimated production ranged from 7.56 kg/ year for non-fed to 30.93 kg/ year for diet-1,
respectively, which signifies the effectiveness of the supplementary feed in the culture system.
However, these values are relatively less than the previous study by Belsti Fetene (2008) who
extrapolated annual production of 41.67 kg/year. This difference was probably the combination
of mixed feed he used to obtain this production (chicken dung-mill sweeping) might favor
increased tilapia growth and/or the experimental season difference might bring the differences in

growth performance.

This study indicated a significant effect of feed quality on condition factor. Keeping length
constant, the heavier the fish the better its condition is. Fish condition or well-being (fatness of
the fish) has a large influence on growth, survival and reproduction of fish population (Lambert
and Dutil, 2000). Best mean FCF of the present study was recorded in diet-3 (which was
approximately equal to three gm/Eaiter twelfth sampling week, Figure 9). This was relatively
better FCR than the best feed of this experiment and study by Ashagrie &ibta(?008) who
reported 5.64 for 100 fish per cubic meter cage. However, the FCF value for diet-1 was greater
than three after the twelfth sampling week. This showed that the fish increased in weight being
reduced in length. The difference between the conditioning of the fish in all treatments indicates

the presences of quality difference in the feeds given to respective treatments. The FCF value
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that equals to three indicates that the growth with respect to their weight and length is
proportional. This is as a consequence of good quality and highly digestible feeds (diet-1 and
diet-3).

In all the treatments, the harvested male population was greater than the female population. It
ranges from 51.81 to 75%, whereas the proportion of the males to the females ranges from 1.063
to 1.093 for 75% and 51.81%, respectively. With regard to their final weight gain the males grow
better than the females in all the treatments (Table 9). Previous research ddyal.it{2005)
mentioned that males have better growth performance than females. Similar result was found by
the studies done in Ethiopia by Ashagrie Gib¢aial., (2008) and Belsti Fetene (2008). Relative
higher growth of the male than the female is possibly due to increased energy being channeled
towards metabolic maintenance and somatic growth in males while the females use their energy
from the diets for spawning (Tran-Dey al.,2008). There is other study by Dan and Little (2000)
which showed enhanced yield of mono-sex male Nile tilapia population under experimental
condition in pond system. The predominant advantage of mono-sex culture is in those

aquaculture situations where one sex displays marked growth superiority.

In the case of tilapia species, females are mouth brooder and certainly they need nest to undergo
fertilization, however, during sampling times the researcher has found some females fish caring
eggs and young fry in their mouth. This might have starved them and could be considered as

possible reason for reduced growth than their male counter-partst(&iti 2005).

In tilapia, prior acclimatization temperature and rate of temperature reduction are considered as
important factors in determining mortality (Staufétral., 1988). In the present study, there were

two times when considerable fish death was observed (Table 8); the former was at the time when
the rainfall was high and the latter was while the temperature of the water was reduced to a
minimum, and therefore, the lake undergone vertical mixing. Similarly, at the middle of his
experiment, Belsti Fetene (2008) observed that some fish died due to water temperature fall in
November and December. However, the first two well performing treatments with respect to
weight gain and growth parameter (diet-1 and diet-3) exhibited less mortality whilst the non-fed
treatments (J) showed high mortality. This can be credited for the better feed quality. Other
study by Stauffeet al., (1988) suggested that by increasing fish conditioning factor, one can

increase winter survival @. niloticus.
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The supplementation of high dietary lipid levels decreases the carcass composition and result in
higher gut fat deposition (Lennet al.,2004). In agreement to this, the greater fat accumulation

in the gut was observed in diet-4 than diet-2 and diet-3, but diet-1 had lower VSWR despite its

higher crude oil in the diet. This could be probably due to fat accumulation than using the feeds
to build their body make up. On the other hand, diet-1 had lesser percentage of VSWR (7.39%)
although it has maximum composition of crude protein and crude fat/oil. This is also supported

by the maximum amount of weight gain by the treatment than all the others. The more the

varieties of plant source for fish diet the less is the fat accumulation and better growth. The least
percentage of the VSWR (6.10%) was measured in the cong)olT{lis may be that the natural

feed of the lake has too small oil to be accumulated.

4.2.3. Plankton

The abundance of planktons in either of the sites around littoral areas of the lake showed
insignificant variation (P > 0.05). This insignificant plankton variation, besides the phsico-
chemical parameters, probably explained lesser impact of the cage culture to the lake at least at
experimental level. However, plankton counts at the offshore had lesser abundance. This might

not be as a consequence of the feed given to the fish.

Similar to findings of Tamiru Gebre (2006), there was an interesting shift in time in the

abundance of zooplankton groups in Lake Hora-Arsedi. Rotifers were the dominating species
among the zooplankton community in this study; they increased in abundance across the
experimental period while the copepods decreased with increasing duration of this study.

Cladocerans were found in very small amount than others.

Blue-green algae were the dominant phytoplankton among the identified phytoplankton. They
showed increment from May to July then fall down to a minimum number in August and

September then continue to increase in dry season after September. Similar to findings of
Tamiru Gebre (2006), this study showed relatively greater count of diatoms and chlorophytes
from August to September. Earlier studies by Abebaw Wendie (2008) and Tigist Wubshet (2010)
explained that blue-green algae dominate the phytoplankton community of the lake. They also

stated that diatoms and green algae become quantitatively very important when rainfall is high.
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The high rainfall flushes blue-green algae out for some time. The other classes of phytoplankton,
euglenopyceae and cryptophyceae, were found in small amount along the experimental period.
They decreased from May to July then increased to climax in August. Finally, their abundance

falls down up to the end of this experiment.

4.2.4. Economic Analysis

Lack of hatcheries in the country makes the source of seed from wild for aquaculture practices.
Assuming the labor costs were covered by the farmer itself, the economic returns are high
enough to justify investment in Nile tilapia culture using locally available feed ingredients. For
example, for this study assuming 100% survival and applying diet-1 or diet-3, respectively, in all
the fifteen cages can bring a Net Profit Value of 7,670.85 Birr and 6417.16 Birr. From the
control caged (non fed fish), keeping the fish in the entire fifteen cages can also expected to give
a net profit of 2,427.90 Birr. However, the success of the formulated fish feeds for cage culture
will depends on the large scale production with the availability of fingerlings and netting
materials. Perhaps, the results are expected to have a wide range of application in different lakes

and reservoirs of the country.
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5. CONCLUSIONSAND RECOMMENDATIONS

In this study, locally available plant source diets were incorporated into the diet of Nile apia (
niloticus) and tested against each other (without fishmeal). With respect to mean weight gain and
all growth parameters (DGR, SGR, FCR, FCE, FCF, VBWR, and SR), the best result was
achieved in “rice bran - oil seed cake - mill sweeping” (diet-1) followed by “mill sweeping - oll
seed cake” (diet-3). The difference in mortality rate of caged fish seems to show significant
variation among the treatments and the control (it was only 6% in the best diet of the experiment
while 20% in the control). The net annual productions obtained from treatment fed diet-1 (30.93
kg/year) and diet-3 (25.49 kg/year) can be scaled up to net annual production of 32.90 kg/year
and 30.26 kgl/year, respectively, for 100% SR. Therefore, this study concludes that diet-1 and

diet-3 are the best diets preferred@yniloticusin terms of all growth parameters.

Generally, a mixture of ‘rice bran’, ‘mill sweeping’, and ‘oil seed cake’ together with bone and
blood meal can be used as substitute of fishmeal in cage culture of tilapia. In the absence of ‘rice
bran’ which is not available in many parts of the country ‘mill sweeping and oil seed cake’ and
blood and bone meal can be used as acceptable ingredients for formulation of fishmeal from

locally available cheaper ingredients.

On the other hand, the triplicate fed with “rice bran-mill sweeping” (diet-2) showed good
performance with respect to weight gain and growth parameters, however, it performed much
less than diet-1 and diet-3. Diet-4, which was formulated from ingredients of ‘rice bran-oil seed

cake’, showed least performance in all acceptable values of parameters.

Monthly water physical and chemical measurements at the study sites and plankton diversity and
abundance at the study sites showed that the cage culture experiment did not bring significant

adverse effect to the water quality and plankton abundance.

However, several complications arose during the study period that precluded accurate
comparison and effect on the growth performance of the four tested feed. Among these, the
absence of healthy cohort and hatchery derived mono-sex fingerlings, the entrance of small sized

wild fish into the cages and incubation of females’ eggs and young fry were the major ones. In
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addition to this the essential amino acids needed by the fish were not analyzed in the diets. Based

on the above findings of the study the following recommendations were forwarded:

In future studies, it is important to determine digestibility and palatability of the tested diets
and the presence of the essential amino acid in the diets chosen as an alternative of fish feed
ingredients. There is also a need to determine the best production and processing method of

the diets to ensure the availability of consistent quality product.

The incubation of eggs and fry by the female fish in cage culture was not understood in this
study. Therefore, future study should need to incorporate how females incubate egg and fry
in their mouth in cage culture system and also the effect of non-caged fishes to the caged fish

with respect to feed computation.

Similar to results of other studies, no adverse effect of the experiment on the lake water
quality and plankton abundance was observed; this needs to be studied when the cage culture
is intensive. Besides, samples should be taken from different grab to analyze the organic
matter, total organic carbon, total nitrogen and phosphors in different depth of station at
various distances from the cage to indicate localized impact of cage farming to the

environment.

It is strongly recommended that there should be hatchery and nursery sites in the country so
as to commence aquaculture and for its development. In addition to this, there should be
netting material to construct and maintain cages and also effectiveness of feeding trey needs

to be studied.
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Appendix |I: Oneway ANOVAsfor thereplicates of the treatment and the control in all

sampling time

Sampling Diet-1 Sum of Squares df. Mean F Sig.

week Square

2 Between Groups 51.344 | 2 25.672 1.279 .288
Within groups 843.141 | 42 20.075
Total 894.486 | 44

4 Between Groups 758.697 | 2 379.349 | 22.910 .000
Within groups 695.455 | 42 16.558
Total 1454.152 | 44

6 Between Groups 30.406 | 2 15.203 1.106 .340
Within groups 577.327 | 42 13.746
Total 607.732 | 44

8 Between Groups 34533 | 2 17.267 .877 423
Within groups 826.667 | 42 19.683
Total 861.200 | 44

10 Between Groups 116.311 | 2 58.156 3.567 .037
Within groups 684.667 | 42 16.302
Total 800.978 | 44

12 Between Groups 38.711 | 2 19.356 1.407 .256
Within groups 577.600 | 42
Total 616.311 | 44

14 Between Groups 8.933 | 2 4.467 .209 .813
Within groups 899.067 | 42 21.406
Total 908.000 | 44

16 Between Groups 50.800 | 2 25.400 1.389 .261
Within groups 768.000 | 42 18.286
Total 818.800 | 44

18 Between Groups 86.711 | 2 43.356 | 2.996 | .061
Within Groups 607.867 | 42 14.473
Total 694.578 | 44

20 Between Groups 86.178 | 2 43.089 | 1.498 | .235
Within Groups 1208.400 | 42 28.771
Total 1294.578 | 44

22 Between Groups 11.511 | 2 5.756 .220 .803
Within Groups 1098.267 | 42 26.149
Total 1109.778 | 44

24 Between Groups 92.578 | 2 46.289 | 688 | .508
Within Groups 2823.733 | 42 67.232
Total 2916.311 | 44
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Sampling | Diet-2 Sum of Squares | df. Mean Square Sig.

week

2 Between Groups 8.400 2 4.200 716 .495
Within Groups 246.400 42 5.867
Total 254.800 44

4 Between Groups 151.016 2 75.508 2.901 .066
Within Groups 1093.023 42 26.024
Total 1244.039 44

6 Between Groups 14.562 2 7.281 .230 .795
Within Groups 1329.004 42 31.643
Total 1343.566 44

8 Between Groups 16.354 2 8.177 277 .760
Within Groups 1240.871 42 29.545
Total 1257.224 44

10 Between Groups 30.533 2 15.267 401 .672
Within Groups 1598.267 42 38.054
Total 1628.800 44

12 Between Groups 28.311 2 14.156 .576 .566
Within Groups 1031.600 42 24.562
Total 1059.911 44

14 Between Groups 23.333 2 11.667 .553 .579
Within Groups 885.867 42 21.092
Total 909.200 44

16 Between Groups 1.600 2 .800 .010 .990
Within Groups 3351.600 42 79.800
Total 3353.200 44

18 Between Groups 24.578 2 12.289 .200 .819
Within Groups 2575.200 42 61.314
Total 2599.778 44

20 Between Groups 26.133 2 13.067 .256 775
Within Groups 2145.067 42 51.073
Total 2171.200 44

22 Between Groups 6.533 2 3.267 .043 .958
Within Groups 3168.267 42 75.435
Total 3174.800 44

24 Between Groups 27.778 2 13.889 470 .628
Within Groups 1241.467 42 29.559
Total 1269.244 44
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Samplin | Diet-4 Sum of Squares df. Mean Square Sig.

g week

2 Between Groups 8.400 2 4.200 .716 .495
Within Groups 246.400 42 5.867
Total 254.800 44

4 Between Groups 151.016 2 75.508 2.90 .066

1

Within Groups 1093.023 42 26.024
Total 1244.039 44

6 Between Groups 14.562 2 7.281 .230 .795
Within Groups 1329.004 42 31.643
Total 1343.566 44

8 Between Groups 16.354 2 8.177 277 .760
Within Groups 1240.871 42 29.545
Total 1257.224 44

10 Between Groups 30.533 2 15.267 401 672
Within Groups 1598.267 42 38.054
Total 1628.800 44

12 Between Groups 28.311 2 14.156 .576 .566
Within Groups 1031.600 42 24.562
Total 1059.911 44

14 Between Groups 23.333 2 11.667 .553 .579
Within Groups 885.867 42 21.092
Total 909.200 44

16 Between Groups 1.600 2 .800 .010 .990
Within Groups 3351.600 42 79.800
Total 3353.200 44

18 Between Groups 24.578 2 12.289 .200 .819
Within Groups 2575.200 42 61.314
Total 2599.778 44

20 Between Groups 26.133 2 13.067 .256 75
Within Groups 2145.067 42 51.073
Total 2171.200 44

22 Between Groups 6.533 2 3.267 .043 .958
Within Groups 3168.267 42 75.435
Total 3174.800 44

24 Between Groups 2.844 2 1.422 .023 977
Within Groups 2580.267 42 61.435
Total 2583.111 44
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Sampling | Control cage Sum of Squares df. Mean Square F Sig.

week replicates

2 Between Groups 30.400 | 2 15.200 2.323 .110
Within Groups 274.800 | 42 6.543
Total 305.200 | 44

4 Between Groups 32929 | 2 16.465 1.156 325
Within Groups 598.263 | 42 14.244
Total 631.192 | 44

6 Between Groups 230.427 | 2 115.214 2.190 125
Within Groups 2209.529 | 42 52.608
Total 2439.956 | 44

8 Between Groups 33.911 | 2 16.956 .281 .756
Within Groups 2530.400 | 42 60.248
Total 2564.311 | 44

10 Between Groups 340.311 | 2 170.156 2.184 125
Within Groups 3272.267 | 42 77.911
Total 3612.578 | 44

12 Between Groups 744933 | 2 372.467 4.080 .024
Within Groups 3833.867 | 42 91.283
Total 4578.800 | 44

14 Between Groups 494.044 | 2 247.022 3.352 .055
Within Groups 3094.933 | 42 73.689
Total 3588.978 | 44

16 Between Groups 179.733 | 2 289.867 9.744 .051
Within Groups 1649.467 | 42 29.749
Total 1829.200 | 44

18 Between Groups 79.511 | 2 139.756 4.561 116
Within Groups 1487.067 | 42 30.644
Total 1566.578 | 44

20 Between Groups 135911 | 2 117.956 8.063 .061
Within Groups 714.400 | 42 14.629
Total 850.311 | 44

22 Between Groups 325,511 | 2 162.756 9.359 .000
Within Groups 730.400 | 42 17.390
Total 1055.911 | 44

24 Between Groups 402.978 | 2 201.489 5.940 .005
Within Groups 1424.667 | 42 33.921
Total 1827.644 | 44
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Sampling Diet-3 Sum of Squares df. Mean Sig.

week Square

2 Between Groups 8.044 2 4.022 617 .544
Within groups 273.867 42 6.521
Total 281.911 44

4 Between Groups 1.000 2 .500 .026 975
Within groups 816.363 42 19.437
Total 817.363 44

6 Between Groups 71.385 2 35.693 1.310 .281
Within groups 1144.147 42 27.242
Total 1215.532 44

8 Between Groups 20.844 2 10.422 401 672
Within groups 1092.400 42 26.010
Total 1113.244 44

10 Between Groups 18.178 2 9.089 .243 .785
Within groups 1568.133 42 37.337
Total 1586.311 44

12 Between Groups 2.978 2 1.489 .030 971
Within groups 2088.933 42 49.737
Total 2091.911 44

14 Between Groups 43.333 2 21.667 291 .749
Within groups 3126.667 42 74.444
Total 3170.000 44

16 Between Groups 11.511 2 5.756 131 .878
Within groups 1847.067 42 43.978
Total 1858.578 44

18 Between Groups 26.178 2 13.089 .504 .608
Within Groups 1090.800 42 25.971
Total 1116.978 44

20 Between Groups .844 2 422 .017 .983
Within Groups 1036.133 42 24.670
Total 1036.978 44

22 Between Groups 14.044 2 7.022 421 .659
Within Groups 700.933 42 16.689
Total 714.978 44

24 Between Groups 6.533 2 3.267 .200 .820
Within Groups 686.667 42 16.349

693.200 44

Total
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