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Abstract

We evaluated the effect of varying cage stocking

density (60, 90 and 120 fish m�3) and feeding

duration (10, 30 and 60 min) in a cage-cum-

pond-integrated system on growth performance,

water quality and economic benefits in Labeo victo-

rianus culture. Interactions between stocking den-

sity and feeding duration significantly (P < 0.05)

affected the fish growth performance and yields in

the cages-cum-pond system. Stocking density of

60 fish m�3 resulted in the highest growth in

cages and in ponds regardless of the feeding dura-

tion, but produced lower yields than at stocking

density 90 fish m�3
. The lowest Apparent Food

Conversion Ratio (AFCR) in cages occurred at

stocking density of 60 fish m�3 and feeding dura-

tion of 30 min. Growth performance in the open

ponds declined with increased feeding duration of

the caged fish. Survival in cages and in the open

ponds decreased with increased cage density, but

was not affected by feeding duration. Low dis-

solved oxygen were recorded, at stocking density

of 120 fish m�3, the lowest DO occurred when

feeding of caged fish lasted 60 min. Growth perfor-

mance, water quality and economic benefits in La-

beo victorianus culture positively respond to

interaction between stocking density and feeding

durations.

Keywords: Cages-cum-pond system, feeding dura-

tion, growth performance, Labeo victorianus, stocking

density

Introduction

Rearing fish in either cages or semi-intensive ponds

alone may produce low yields to sustain profitability

in commercial aquaculture, beside the obvious inef-

ficient use of unit space. A management strategy

based on the concept of integrating intensive and

semi-intensive culture practices in cages and ponds

simultaneously (cage-cum-pond-integrated system)

has been suggested in an endeavour to increase unit

fish production (Yi, Lin & Diana 1996; Yi & Lin

2001; Liti, Fulanda, Munguti, Straif, Waidbacher &

Winkler 2005). In the system, part of the stocked

fish is kept in cages, while the other part is nursed

in the open water ponds. Fish in the cages are fed

high protein artificial feeds (intensive part of the

component), while fish in the open ponds are not

fed. The uneaten artificial feed from the cage could

be utilized by two different processes: direct con-

sumption by pond fish and indirectly contributing

to nutrients for natural feed after being decomposed.

Therefore, the caged fish satisfy their bio-energetic

needs from the cage wastes either directly as

uneaten food or indirectly from natural pond

productivity after decomposition (semi-intensive
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component). The aim is to optimize fish production

per unit area (Lin, Jaiyen & Muthuwan 1989;

McGinty 1991; Yi et al. 1996). The success of this

system is dependent on the yields obtained from

cages and open ponds, which is a function of food

availability to fish in both cages and open ponds.

Protocols of feeding fish are currently based on

the biomass or standing crop (CSC), which are

determined by stocking density. Rearing fish at

low densities below the carrying capacity may

reduce the overall yields, while high stocking den-

sity beyond the CSC may impair the growth per-

formance due to factors such as social interaction

and deterioration of water quality, which can

affect both the feed intake and conversion effi-

ciency of the fish (Paspatis, Boujard, Maragoudaki,

Blanchard & Kentouri 2003; Lupatsch, Santos,

Schrama & Verreth 2010; Nhan, Wille, Hung &

Sorgeloos 2010; Tolussi, HilDorf, Caneppele &

Moreira 2010; Garr, Lopez, Pierce & Davis 2011).

Studies have shown that optimal stocking density

for obtaining the highest fish growth performance

and yields depend upon the feeding regime (Zonne-

veld & Fadholi 1991; Lund, Steenfeldt, Herrmann

& Pedersen 2011). Yet, in the cage-cum-pond-inte-

grated system, the feed ration to be supplied is

normally estimated based on the caged fish bio-

mass (Liti et al. 2005) regardless of the amount of

feeds that will be available to the fish in the open

ponds. Moreover, feeding may be compromised for

the fish in the cages and in the open ponds if the

feed is available for a limited time. Performance of

fish in the cages and open ponds may therefore be

related to the duration of feed availability. Cur-

rently, information on the optimal duration of

feeding for many species of fish stocked at various

densities in ponds, cages or in the cage-cum-pond-

integrated culture system is lacking. Yet, such

information may be important to optimize fish

growth performance in the cages and in the open

ponds.

The aim of this study was to evaluate the effect

of stocking density and feeding duration in a cage-

cum-pond-integrated system on growth perfor-

mance, survival, yields and water quality during

the Labeo victorianus (Boulenger 1901) culture.

The L. victorianus is a fast-growing, bottom-feeding

omnivorous freshwater cyprinid endemic to Lake

Victoria basin (Cadwalladr 1965; Greenwood

1966). It is a migratory species that spends most

of its life in the lake and ascends the rivers to

breed during the two rainy seasons, where it

spawns in lateral flood pools and flooded marsh-

land (Cadwalladr 1965). Due to its appreciated

taste, it has long been the target of artisanal fish-

ing, and has declined drastically in numbers with

increasing fishing pressure. In the past, it was

widely distributed in the shallow shoreline waters

of Lake Victoria and its tributary rivers (Green-

wood 1966), but during the course of forty years,

it has gone from being the basis for the world’s

most important fishery of a potamodromous

species (Cadwalladr 1965) to being limited to small

catches at river inlets (Rutaisire & Booth 2005).

This is illustrated in 204 metric tonnes of L. victo-

rianus being caught between 1966 and 1967

(after the onset of the collapse), 20 tonnes between

1976 and 1977, and the species being nearly

absent from catches by 1986 (Ochumba & Many-

ala 1992; Balirwa, Chapman, Chapman, Cowx,

Geheb, Geheb, Kaufman, Lowe-McConnell, Seehau-

sen, Wanink, Welcomme & Witte 2003). Respond-

ing to the declining stocks of this species, which is

still in high market demand, the World Bank

sponsorship in Kenya spearheaded by the Lake

Victoria Environmental Management Project

(LVEMP) is currently integrating it as an aquacul-

ture species. Currently, few protocols for the

aquaculture of this species are available (Rutaisire

& Booth 2004; Oyoo-Okoth, Cherop, Ngugi,

Chepkirui-Boit, Manguya-Lusega, Ani-Sabwa &

Charo-Karisa 2011).

Materials and methods

Experimental facility

The study was conducted at Moi University, Eldo-

ret Kenya (0°34′13.8″N and 35°18′49.8″E) at the
Chepkoilel Fish Farm from June to December

2010. The cages used in this study were 3-m3

floating cages consisting of a wooden frame

(2 9 1.5 9 1 m) covered with a half-inch wire

mesh. Each cage had a polyvinyl chloride (pvc)

ring of 30 cm diameter feeding tray to prevent

direct spillage of the artificial experimental feed

(sinking pellets). Twenty-seven, 200 m2 earthen

ponds of 1.0 m depth in the shallow end and

1.5 m depth in the deeper ends, were used in

this study. Liming (CaCO3) was applied at

2500 kg ha�1 to all the experimental ponds at the

beginning of the experiment. Water was added

weekly to the ponds to replace water loss due to

seepage and evaporation.
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Experimental procedure

Broodstock of the L. victorianus (mean weight =
521.4 � 34.3 g) were obtained from the Kenya

Marine and Fisheries Research Institute laboratory

and transferred to the hatchery at the Fish Farm.

Larvae were obtained through induced breeding

and semi-natural spawning. They were cultured

for a period of 42 days in a hatchery. During the

culture period, the larvae were fed Artemia nauplii.

Water temperature in the hatchery was main-

tained at 27 � 0.2°C using a thermostat heater.

After 42 days, the juveniles were netted from the

hatchery and transferred to holding net cages sus-

pended in one pond in the fish farm and acclima-

tized to pond conditions for 48 hours. Mixed sex

juveniles were then sorted out and randomly

stocked in the experimental cages and open ponds.

The stocking weights of the juveniles were

23.7 � 2.6 g. The study applied a 3 9 3 factorial

design with three stocking densities in cages (60,

90 and 120 fish m�3 designated SD1, SD2 and

SD3 respectively) and three feeding durations (10,

30 and 60 min designated T1, T2 and T3 respec-

tively) as factors. All treatments were executed in

triplicate. The open ponds were stocked with juve-

niles at a stocking density of 2 fish m2. The fish

were hand fed the sinking artificial experimental

diet for 10, 30 and 60 min uninterrupted in the

morning (beginning 0800 h) and in the evening

(beginning 1700 h). Feed were supplied at 2.5% of

the caged biomass per day (trial unpublished

data). The percentage composition of the experi-

mental diet is shown in Table 1. Fish were cul-

tured for a period of 150 days.

Samples for monitoring fish growth and making

feeding adjustments were taken every 2 weeks. A

total of 20 fish were sampled from each pond and a

similar number from the cages using seine and dip

nets respectively and bulk weighed. Daily feed ration

was calculated and adjusted after each sampling.

Water quality analyses

Water samples for pond water quality analysis

were taken bi-weekly from four different locations

(near inlet and outlet, in the middle of the pond

and close to the shore along the pond length) in

each pond and within the cages, approximately

two hours after morning and evening feeding

using 1.12-m long column sampler (Boyd &

Tucker 1992). Samples from the ponds and those

from the cages were pooled separately to provide

an integrated sample; then, a sub sample was

drawn from the integrated sample for the analysis

of the various water quality parameters. The sam-

ples were filtered through Whatman glass filter

paper GF/F and analysed for total ammonia nitro-

gen (TAN) by the indophenol blue method and

phosphate phosphorus (PO4-P) by the standard

ascorbic acid method. Water quality analyses were

performed according to procedures adopted from

the American Public Health Association (APHA

1998). Dissolved oxygen (DO) was measured in

situ in the cages and in ponds, using a calibrated

JENWAY 3405 electrochemical analyser (Barlo-

word Scientific Ltd, Essex, United Kingdom) every

day. The equipment was calibrated using de-ion-

ized water before readings were taken.

Table 1 Ingredients and chemical composition (g kg�1

as fed basis) of experimental diets used for feeding Labeo

victorianus

Ingredients Percentage incorporation

Fish meal 22.0

Soybean meal 18.8

Wheat floor 31.2

Corn grain (extrusion-cooked) 21.2

Perch liver oil 2.4

Binders (Cassava) 2.0

Vitamin/mineral premixa 1.2

Salt (Nacl) 1.2

Chemical analysis

Dry matter 91.9

Crude protein 25.8

Crude lipid 6.0

Ash 7.2

Crude fiber 6.6

NFEb 46.3

Gross energy (kJ g�1)c 17.6

aCommercial formula (mg premix kg�1 diet). Uniŏn de Empresas

de Piensos MINAGRI, Cuba. Vitamins: retinol, 12 500 000 IU;

thiamine, 10 000 mg; riboflavin, 20 000 mg; pyridoxine, 10

00 mg; cyanocobalamine, 40 mg; ascorbic acid (Stay C),

500 000 mg; cholecalciferol, 2400 000 IU; a tocopherol,

100 000 mg; pantothenic acid, 40 000 mg; choline chloride,

1600 000 mg; folic acid, 2000 mg; nicotinic acid, 140 000 mg;

biotin, 1000 mg; inositol, 300 000 mg; paraminobenzoic acid,

35 000 mg. Minerals (mg): cobalt, 200; copper, 2000; iron,

20 000; iodine, 1500; manganese, 40 000; zinc, 20 000;

selenium, 100.
bNFE (nitrogen free extracts) = 100 � (protein% + lipid% + ash

% + fiber%).
cGE (gross energy): calculated using conversion factors 23.0,

38.1 and 17.2 kJ g�1 for protein, lipids and carbohydrates

(Tacon 1993).
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Calculation of growth, survival and FCR

Growth in weight of the fish was expressed as

growth per day and as specific growth rate

(SGR). The SGR (% body weight day�1) was cal-

culated using the formula (ln (W2)�ln (W1))/

number of days)*100 where W2 and W1 are

weights on day t2 and t1 respectively. In cages,

survival was estimated by checking the cages

daily for dead fish, which were removed on daily

basis after recording their number. The per cent

survival in cages was calculated by subtracting

the number of dead fish from the initial number

stocked. In ponds, survival was determined at the

end of the experiment by completely draining the

pond and counting the remaining fish in the

pond and per cent survival determined as a per-

centage of the stocked fish. Apparent Feed Con-

version Ratio (AFCR) was calculated per cage by

dividing the total feed fed by the production. On

termination of the experiment, fish were harvested

and yields computed for cages, open ponds and

the total.

Statistical analyses

>Before statistical analysis, normality of the data

was determined using Shapiro-Wilk test, while

homogeneity of variance was ascertained using

Levene’s test. Data on the interactions between

stocking density and feeding durations on the

final mean weight, SGR, survival and AFCR were

analysed using Two-Way ANOVA with stocking

density (60, 90 and 120 fish m�3) and feeding

durations (10, 30 and 60 min) as factors. Inter-

actions between stocking density and feeding

durations on the water quality data were analy-

sed using repeated measures ANOVA considering

sampling date/time as repeated measures factor

besides the main factors. Multiple comparisons for

significantly different means was performed using

Tukey test. All the statistical analyses were per-

formed using the SPSS 17.0 for Windows soft-

ware package. Differences were considered

significant at P < 0.05.

An enterprise was used to determine the reve-

nue, costs and returns of the cage-cum-pond sys-

tem under different stocking densities and feeding

durations. The profitability of the enterprise was

analysed using the net returns above variable

costs. The break-even price was calculated using

the formula

Break even price ¼ Fixed cost per unit
1�ðVariable cost per unit=Seling Price per unitÞ

Sensitivity analyses were used to simulate the

net returns due to variation in alternative market

prices and yield variability as well as to evaluate

the impact of alternative prices of variable inputs

(i.e. alternative costs of fingerlings, feed prices and

cost of labour) on break-even prices. During sensi-

tivity analysis, The Excel Package, What-if Analy-

sis, 1 way and 2-Way Table were used to explore

the variability of single and combined variables

respectively affecting the yield variability or break-

even prices accordingly.

Results

Growth performance and feed utilization parameters

for L. victorianus in cages and open ponds under

varying treatments during the 150-day experimen-

tal period are presented in Table 2. A two-way ANOVA

was conducted that examined the effect of stocking

density and feeding duration on growth performance

parameters (Final mean weight and SGR) (Table 3,

Fig. 1). Our dependent variables, means, were nor-

mally distributed for the groups formed by the combi-

nation of the stocking density and feeding duration

as assessed by the Shapiro-Wilk test. There was

homogeneity of variance between groups as assessed

by Levene’s test for equality of error variances. There

was a significant interaction between the effects of

stocking density and feeding duration on final mean

weight and SGR of fish in the ponds and cages

(P < 0.05, Table 3, Fig. 1). Simple main effects anal-

ysis showed that in both the cages and the ponds, the

final meanweight and SGR of fish were high at stock-

ing density 60 fish m�3 regardless of the feeding

duration (P < 0.05), while at stocking density of

120 fish m�3, the final mean weight and SGR of

caged fish increased significantly (P < 0.05) with

increasing feeding duration. In contrast to the above

trends in cages, the final mean weight and SGR of

fish in open ponds at stocking density 90 and 120

fish m�3 reduced with increasing feeding durations

of the caged fish.

There was no significant interaction between the

effects of stocking density and feeding duration on

the survival of fish in the ponds and cages

(P > 0.05, Table 3). Simple main effects analysis

showed that both in the cages and in the ponds,

increased stocking density resulted in reduced sur-

vival of fish. Fish survival in cages was highest
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(>94%) at stocking density of 60 fish m�3 and

reduced to about 85% in cages stocked at a density

of 120 fish m�3. Similar trends in survival were

discerned for fish stocked in open water, although

the lowest survival was 73% at a stocking density of

120 fish m�3.

The AFCR was also significantly (P < 0.05)

affected by the interaction between the stocking

density and feeding durations (Tables 2 and 3).

The lowest AFCR in cages occurred in fish stocked

at 60 fish m�3 when feeding lasted 30 and

60 min. However, the highest AFCR in caged fish

occurred when stocking density was 120 fish m�3

and feeding done for 10 min.

Water quality data in the cages and open ponds

are presented in Table 4. A repeated-measure

ANOVA conducted to examine the effect of stocking

density and feeding duration on water quality

parameters is shown in Table 5. Generally, the

concentration of DO and TAN was higher in the

cages than in the ponds, while PO4-P did not dem-

onstrate any significant differences between the

ponds and cages as well as among treatments

(P > 0.05). Furthermore, the concentration of DO

in the cages and ponds demonstrated significant

(P < 0.05) interaction effects between stocking

densities and feeding durations (P < 0.05). The DO

in cages and ponds reduced at each stocking den-

sity when the feeding duration was increased.

TAN increased in the ponds and in the cages with

increased stocking density, but remained unaf-

fected by changes in the feeding durations.

Yield of fish in the cage-cum-pond-integrated

system and the enterprise budget for different

treatments is provided in Table 6. Increased feed-

ing durations had no effect on the yields obtained

from the cages and the open ponds at stocking

density of 60 fish m�3. Total yields were higher in

treatment with stocking density of 90 fish m�3

albeit at this stocking density total yields increased

in response to increased feeding durations. The

lowest total fish yields occurred in treatments with

stocking density of 120 fish m�3. The total

investment and operational costs increased due to

increasing stocking density and feeding durations.

Net returns above both the total cost (TC) and

total variable cost (TVC) were significantly better

in fish reared at density of 90 fish m�3, although
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Figure 1 Interactions between stocking density and feeding duration on the marginal means of the growth param-

eters in cages (left panel) and ponds (right panel).
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the highest net returns occurred at stocking den-

sity 90 fish m�3 at feeding duration of 30 min. At

a stocking density of 60 fish m�3, net returns

above TVC and TC decreased with increasing feed-

ing duration. There were negative net returns

above TVC at stocking density of 120 fish m�3.

Break-even price at stocking density 60 fish m�3

and 90 fish m�3 was below the selling price of fish

locally (US $ 2.2); however, at stocking density of

120 fish m�3, the investment posted negative

returns at a selling price of US $ 2.2.

Figure 2 indicates how various market prices

could affect the net returns of alternative produc-

tion levels. For the range of market prices given,

production below 5 tonnes ha�1 year�1 does not

appear to be profitable unless the market price of

Labeo is US $ 2.5. Conversely, a production of

50 000 tonnes ha�1 year�1 operations appears

to show a profit throughout most of the range of

market prices, and the magnitude of the potential

profits is relatively large. The results of sensitivity

analysis of the break-even prices due to alternative

pricing of single variable inputs are presented in

Fig. 3. The farmers can still operate profitably

when the cost of feeds, fingerlings and labour is

increased by 60%, 240% and 120% respectively.

Table 4 Effects of interactions between stocking density and feeding duration on water quality parameters of Labeo vic-

torianus in the ponds and cages (Means � SEM). Values with different letters down the column differ significantly

(P < 0.05) based on Repeated measure ANOVA test followed by Tukey test

Stocking

density

Feeding

duration

DO (mg L�1)1 TAN (mg L�1)2 PO4-P (mg L�1)3

Cages Ponds Cages Ponds Cages Ponds

SD1 T1 5.6 � 0.3f 5.1 � 0.1 g 0.32 � 0.03a 0.25 � 0.02a 0.22 � 0.03 0.22 � 0.04

T2 5.2 � 0.2e 4.1 � 0.2f 0.33 � 0.03a 0.24 � 0.02a 0.23 � 0.04 0.23 � 0.03

T3 5.0 � 0.3e 3.5 � 0.2e 0.34 � 0.02a 0.23 � 0.03a 0.21 � 0.06 0.22 � 0.05

SD2 T1 4.8 � 0.2e 3.4 � 0.2e 0.52 � 0.05b 0.45 � 0.02b 0.19 � 0.09 0.20 � 0.08

T2 4.2 � 0.2d 3.3 � 0.2e 0.60 � 0.05c 0.46 � 0.01b 0.21 � 0.07 0.20 � 0.05

T3 4.0 � 0.1d 2.9 � 0.1d 0.60 � 0.06c 0.46 � 0.03b 0.21 � 0.05 0.21 � 0.04

SD3 T1 3.6 � 0.2c 2.5 � 0.1c 1.16 � 0.02e 0.73 � 0.02c 0.22 � 0.04 0.22 � 0.05

T2 3.1 � 0.1b 2.1 � 0.1b 0.95 � 0.02d 0.70 � 0.03c 0.23 � 0.07 0.22 � 0.07

T3 2.3 � 0.1a 1.7 � 0.1a 0.92 � 0.05d 0.75 � 0.04d 0.18 � 0.09 0.19 � 0.08

Means with the same letters as superscripts down the column are not significantly different (P > 0.05).
1DO = Dissolved oxygen.
2TAN = Total ammonia nitrogen.
3SRP = Soluble reactive phosphorus.

Table 5 Repeated measure ANOVA results showing the interactions between stocking density and feeding duration on

the water quality parameters of Labeo victorianus in the ponds and cages

Treatments

DO (mg L�1)1 TAN (mg L�1)2 PO4-P (mg L�1)3

Cages Ponds Cages Ponds Cages Ponds

F P-value F P-value F P-value F P-value F P-value F P-value

Interaction

Stocking

density9feeding

duration

4.655 0.032 5.233 0.027 1.223 0.243 1.433 0.156 0.534 0.734 0.923 0.512

Main effects (P-value)

Stocking biomass 15.422 0.000 19.76 0.000 6.798 0.001 13.564 0.000 1.132 0.327 1.344 0.399

Feeding duration 8.224 0.003 21.123 0.000 3.122 0.093 1.567 0.126 0.562 0.576 0.996 0.501

1Dissolved oxygen.
2Total ammonia nitrogen.
3Phosphate phosphorus.
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Table 6 Enterprise budget (in US $) of different stocking densities and feeding durations of Labeo victorianus in a cage-

cum-pond-integrated system

Parameters Unit SD1T1 SD1T2 SD1T3 SD2T1 SD2T2 SD2T3 SD3T1 SD3T2 SD3T3

Net fish yield in cages kg ha�1 crop�1 8107 8180 8198 10, 489 11, 675 11, 710 7554 8672 9022

Net fish yield in ponds kg ha�1 crop�1 3114 3134 2962 3089 3162 2874 1307 1112 961

Total fish yield kg ha�1 crop�1 11, 220 11, 314 11, 161 13, 578 14, 838 14, 583 8861 9784 9983

Unit cost of fish US $ 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2

Total Gross receipts US $ 24, 685 24, 891 24, 554 29, 872 32, 643 32, 083 19, 495 21, 524 21, 964

Variable costs

Labeo fingerling costs US $ 1440 1440 1440 1728 1728 1728 1990 1990 1990

Cost of feeds US $ 5520 5520 5520 5704 5704 5704 6348 6348 6348

Field labour US $ 2700 2900 3000 3100 3250 3670 3750 3900 4250

Cost of equipment US $ 1000 1000 1000 1200 1200 1200 1500 1500 1500

Transport cost to the

market

US $ 1000 1000 1000 1100 1100 1100 1300 1300 1300

DAP US $ 400 400 400 400 400 400 400 400 400

Urea US $ 300 300 300 300 300 300 300 300 300

Agricultural lime US $ 150 150 150 150 150 150 150 150 150

Miscellaneous US $ 2000 2000 2000 2000 2000 2000 2000 2000 2000

Sub-total variable costs US $ 14, 510 14, 710 14, 810 15, 682 15, 832 16, 252 17, 738 17, 888 18, 238

Interest on operating cost US $ 1741 1765 1777 1882 1900 1950 2129 2147 2189

Total variable cost (TVC) US $ 16251 16475 16587 17564 17732 18202 19867 20035 20427

Fixed costs

Amortization US $ 3000 3000 3000 3000 3000 3000 3000 3000 3000

Interest on fixed cost US $ 540 540 540 540 540 540 540 540 540

Total fixed cost US $ 3540 3540 3540 3540 3540 3540 3540 3540 3540

Total cost (TC) US $ 19, 791 20, 015 20, 127 21, 104 21, 272 21, 742 23, 407 23, 575 23, 967

Net returns above TVC US $ 8434 8416 7966 12309 14911 13881 –372 1489 1537

Net returns above TC US $ 4894 4876 4426 8769 11371 10341 –3912 –2051 –2003

Break-even price US $ 0.92 0.93 0.98 0.63 0.52 0.56 –20.94 5.23 5.07

Major budget assumptions: Interest rates on fixed cost = 18%.

Production assumption: Stock advanced fingerlings to grow out in one season per year.

Marketing assumption: Sell in the round in wholesale markets hauling in a pickup bed.

Land assumption: Own the land no other economic use only land charge for property taxes.
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Figure 2 Sensitivity analysis of net returns due to variations in the alternative market prices and yield variability.
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We also simulated the changes in break-even price

when two variable inputs increased simulta-

neously (Table 7). For the operations which have

break-even prices at market selling price of US $

2.20, there are many combinations of feed, finger-

ling and labour prices, which yield break-even

prices lower than fish selling price of US $ 2.20.

Discussion

In this study, the final mean weight of caged

L. victorianus ranged from 200 to 450 g, while

those in the pond ranged between 70 and 220 g

after 150 days of culture. To the best of our

knowledge, no study is available reporting on the

final mean weights of L. victorianus in cages and

in the ponds. However, mean weights of up to

450 g in cages are higher than those obtained for

Nile tilapia in the same environment (e.g. Liti et al.

2005; Waidbacher, Liti, Fungomeli, Mbaluka,

Munguti & Straif 2006). The interaction between

stocking density and feeding duration was found

to affect the growth performance of fish. Highest

total fish performance in terms of final mean

weight and SGR was achieved in cage treatments

having stocking density of 90 fish m�3 and the

growth performance increased with increasing

feeding duration. At stocking density of 60

fish m�3, feeding duration did not affect fish

growth in both the cages and ponds probably

because the caged fish and fish in the open ponds

fed to satiation as food was not limiting. Growth

of fish in pond-cage-integrated system has been

positively correlated with the amounts of uneaten

feeds generated from the cages (Yi & Lin 2001; Liti

et al. 2005). The improved growth performance of

caged fish at longer feeding duration could be due

to longer availability of the feeds in the cage water

column that allowed fish to feed to satiation before

the pellets sank down to the open pond. At

a stocking density of 120 fish m�3, growth of caged

fish was generally low regardless of the feeding

duration, probably due to constraints in space and

increased competition for supplied feed by the fish.

In addition, it has been suggested that high densi-

ties impair visual location of food and prevent

physical access by making it difficult for fish to

follow a trajectory towards the feed pellets

(Paspatis et al. 2003).

The interaction between stocking density and

feeding duration did not affect fish survival. How-

ever, survival of fish in cages and in the open

ponds decreased with increasing stocking density,

being lowest at stocking density of 120 fish m�3.

The survival was not significantly affected by feed-

ing duration, suggesting that fish responded to

changes in stocking density rather than feeding

duration. High mortality in fish at high stocking

density has been reported for many species of fish

and is due to limitation of space, increased stress

levels due to higher social interactions, reduction

in water quality due to increased metabolic waste

products as well as reduced feed intake efficiency

(Merino, Piedrahita & Conklin 2007; Lupatsch

B
re

ak
ev

en
 p

ri
ce

 (U
S 

$)

Price of inputs (US $)

Feeds

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 5000 10000 15000 20000

Fingerlings

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 4000 8000 12000 16000

Labour

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

0 3000 6000 9000 12000

Market seling price

Selling price to breakeven at 60 fish m–3

Selling price to breakeven at 90 fish m–3

Figure 3 Sensitivity analysis of the projected breakeven prices to alternative prices of single variable inputs of pro-

duction.

© 2013 John Wiley & Sons Ltd, Aquaculture Research, 45, 1672–16841680

Effects of stocking density and feeding duration A Mokoro et al. Aquaculture Research, 2014, 45, 1672–1684



T
a
b
le

7
S
en

si
ti
v
it
y
a
n
a
ly
si
s
o
f
b
re
a
k
-e
v
en

p
ri
ce

to
a
lt
er
n
a
ti
v
e
p
ri
ce
s
o
f
v
a
ri
a
b
le

in
p
u
ts
.
A
ll
p
ri
ce
s
a
re

in
U
S
$

(a
)
B
re
a
k
-e
v
e
n
to

a
lt
e
rn
a
ti
v
e
fi
n
g
e
rl
in
g
p
ri
c
e
s
a
n
d
fe
e
d
c
o
s
ts

C
o
s
t
o
f
fi
n
g
e
rl
in
g
s

F
e
e
s
p
ri
c
e

0
.2
1

0
.2
1

0
.2
2

0
.2
2

0
.2
3

0
.2
3

0
.2
4

0
.2
6

0
.4
1

1
0
0
0

0
.2
2

0
.2
2

0
.2
3

0
.2
3

0
.2
4

0
.2
5

0
.2
6

0
.2
7

0
.4
6

2
0
0
0

0
.2
4

0
.2
5

0
.2
6

0
.2
6

0
.2
7

0
.2
8

0
.2
9

0
.3
2

0
.5
8

4
0
0
0

0
.3
0

0
.3
0

0
.3
2

0
.3
3

0
.3
4

0
.3
6

0
.3
7

0
.4
1

1
.3
2

7
0
0
0

0
.3
8

0
.3
9

0
.4
1

0
.4
3

0
.4
6

0
.4
8

0
.5
1

0
.5
8

4
.0
1

1
0
,
0
0
0

0
.4
7

0
.4
8

0
.5
1

0
.5
5

0
.5
8

0
.6
3

0
.6
8

0
.8
2

4
.2
1

1
2
,
0
0
0

0
.7
1

0
.7
4

0
.8
2

0
.9
1

1
.0
2

1
.1
7

1
.3
6

2
.0
3

9
.0
3

1
5
,
0
0
0

0
.2
1

0
.2
1

0
.2
2

0
.2
2

0
.2
3

0
.2
3

0
.2
4

0
.2
6

2
0
.4
1

(b
)
B
re
a
k
-e
v
e
n
to

a
lt
e
rn
a
ti
v
e
fi
n
g
e
rl
in
g
s
p
ri
c
e
s
a
n
d
fi
e
ld

la
b
o
u
r

C
o
s
t
o
f
fi
n
g
e
rl
in
g
s 2
5
0

5
0
0

1
,0
0
0

1
,5
0
0

2
,0
0
0

2
,5
0
0

3
,0
0
0

4
,0
0
0

5
,0
0
0

C
o
s
t
o
f
la
b
o
u
r

1
0
0
0

0
.2
6

0
.2
7

0
.2
8

0
.2
9

0
.3
0

0
.3
1

0
.3
2

0
.3
5

0
.3
8

2
0
0
0

0
.2
8

0
.2
9

0
.3
0

0
.3
1

0
.3
2

0
.3
3

0
.3
5

0
.3
8

0
.4
2

4
0
0
0

0
.3
2

0
.3
3

0
.3
5

0
.3
6

0
.3
8

0
.4
0

0
.4
2

0
.4
6

0
.5
2

8
0
0
0

0
.4
8

0
.4
9

0
.5
2

0
.5
6

0
.6
0

0
.6
4

0
.7
0

0
.8
4

1
.0
6

1
2
,
0
0
0

0
.8
8

0
.9
3

1
.0
6

1
.2
1

1
.4
2

1
.7
2

2
.1
7

4
.5
9

3
9
.0
0

1
5
,
0
0
0

2
.5
0

2
.9
5

4
.5
9

1
0
.4
1

3
9
.0
0

5
6
.7
9

7
3
.7
2

9
1
.9
5

1
0
1
.3
2

(c
)
B
re
a
k
-e
v
e
n
to

a
lt
e
rn
a
ti
v
e
fe
e
d
p
ri
c
e
s
a
n
d
fi
e
ld

la
b
o
u
r

C
o
s
t
o
f
fe
e
d
s

1
0
0
0

2
0
0
0

4
0
0
0

7
0
0
0

1
0
,
0
0
0

1
2
,
0
0
0

1
5
,
0
0
0

2
0
,
0
0
0

2
5
,
0
0
0

C
o
s
t
o
f
la
b
o
u
r

1
0
0
0

0
.2
0

0
.2
1

0
.2
4

0
.2
9

0
.3
6

0
.4
4

0
.6
5

3
.1
7

6
.1
1

2
0
0
0

0
.2
1

0
.2
2

0
.2
5

0
.3
1

0
.4
0

0
.5
0

0
.7
8

1
3
.8
5

2
0
.8
7

4
0
0
0

0
.2
4

0
.2
5

0
.2
9

0
.3
6

0
.5
0

0
.6
5

1
.2
5

2
.4
1

6
.6
1

8
0
0
0

0
.3
1

0
.3
3

0
.4
0

0
.5
6

0
.9
6

1
.7
9

5
.8
4

1
0
.7
2

1
6
.3
8

1
2
,
0
0
0

0
.4
4

0
.5
0

0
.6
5

1
.2
5

1
3
.8
5

2
2
.4
1

3
0
.8
7

4
0
.4
2

5
6
.2
8

1
5
,
0
0
0

0
.6
5

0
.7
8

1
.2
5

1
3
.8
5

2
1
.5
2

3
0
.8
7

4
0
.5
3

5
0
.3
2

7
0
.2
3

© 2013 John Wiley & Sons Ltd, Aquaculture Research, 45, 1672–1684 1681

Aquaculture Research, 2014, 45, 1672–1684 Effects of stocking density and feeding duration A Mokoro et al.



et al. 2010; Tolussi et al. 2010). The observed

reduction in fish survival at high density suggests

negative growth response of L. victorianus to

increased densities beyond the critical standing

crop.

The interactions between the stocking density

and feeding duration affected the DO concentra-

tion. This may suggest that DO is depleted in

water due to respiration of fish and decomposition

of the feeds.The high concentration DO in cages

and in the ponds stocked at a density of 120

fish m�3 could be due to respiration and excretion

of high quantity of nitrogenous wastes by large

number of stocked fish (Boyd 1982, 1990) in a

limited unit space. Indeed, increased stocking den-

sity has been reported to result in reduced water

circulation in the cages, which eventually lowers

dissolved oxygen (Yi & Lin 2001). Any uneaten

feeds could exacerbate the water quality problems

in the cages and in open ponds. This is because

uneaten feeds normally decompose to yield higher

amounts of urea or ammonia metabolic waste

products, which could affect the TAN in the cul-

ture units (Boyd 1982). The interaction between

stocking density and feeding duration did not sig-

nificantly affect TAN. However, TAN was affected

by variation in the stocking density but not due to

variation in feeding duration. Any uneaten feed

may exacerbate water quality problems because

they normally decompose to yield higher amounts

of urea or ammonia metabolic waste products,

which affect the TAN in the culture units (Boyd

1982, 1990). Although water quality for culturing

L. victorianus remained unknown, the water qual-

ity parameters at stocking density 60 and 90

fish m�3 were within the culture ranges of most

warm water species of fish e.g. tilapia and catfish

(Boyd 1990, 1998; Walker 1994), while at stock-

ing density of 120 fish m�3, most of the water

quality parameters were beyond the ranges for

culture of most warm water species of fish and

therefore unfavourable. These results suggest that

stocking at 120 fish m�3 results in negative water

quality on the fish under culture.

Highest total fish yield was achieved in treat-

ments with stocking density 90 fish m�3 and the

yield increased with increasing feeding duration.

At this density, highest yield was accounted for by

the better yields obtained from the cages. Higher

resident time of food for the caged fish could

explain the increased yields due to increasing feed-

ing duration as already noted. In this study, the

total investment and operational costs were

affected by stocking density and feeding duration

in the culture units. For all treatments, net returns

above both the TC and TVC were significantly bet-

ter in fish reared at 90 fish m�3, but were the best

at a feeding duration of 30 min. At the lower rear-

ing density of 60 fish m�3, net returns above TVC

and TC reduced with increasing feeding duration

due to lower economic return from the fish associ-

ated with reduced harvest weight of fish. Economic

returns at 120 fish m�3 were lower than at 90

and 60 fish m�3 probably due to high feed costs,

low survival and poor growth response. The

enterprise budget analysis of diets in the present

study indicated that it is economically feasible to

culture L. victorianus in a cage-cum-pond system

when moderate levels of cage stocking density

(90 fish m�3) and feeding duration of 30–60 min

are used.

We also performed sensitivity analysis, which

involves the use in the budget of alternative

assumptions or values for market prices and pro-

duction costs to calculate and assess their impacts

on yield, total costs, break-even price, or net

returns. Sensitivity analysis of net returns and

alternative production levels revealed that over the

range of market prices explored, net returns are

typically negative for low scale of operations and

positive for higher scale of operations. Sensitivity

analysis of break-even prices for alternative of bud-

get item values showed that increase in price of

feeds had the greatest impacts on the break-even

prices than fingerlings and labour. This corroborates

the findings of several other researchers (De Silva

1992; Shang 1992; Chamberlain & Hopkins 1995;

Madu, Sogbesan & Ibiyo 2003). Sensitivity analy-

sis also suggests that varying the feed price can

cause substantial changes in the break-even price,

about twofold the impact of a similar change in

fingerling price and labour costs respectively.

When several key items from the budgets were

varied to determine their impacts on break-even

prices, the results suggested that several combina-

tions of outputs would still be profitable. There are

a few potentially profitable combinations for the

marginally feasible, cage-cum-pond operation. Lar-

ger size of operation seems to enjoy economies of

scale leading to reduction in the break-even cost of

producing L. victorianus by spreading the operating

cost over each marketable fish. Our results suggest

that to reap economic benefits in L. victorianus

culture, farmers must be able to operate at low

© 2013 John Wiley & Sons Ltd, Aquaculture Research, 45, 1672–16841682
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input prices to maximize net returns and operate

at low break-even prices.

In conclusion, we demonstrated that the growth

performance, yield and economic return of L. victo-

rianus were significantly affected by the interac-

tions between stocking density and feeding

duration. At low stocking density (60 fish m�3),

feeding duration had no impact on growth perfor-

mance, survival, yields and water quality. At a stock-

ing density of 90 fish m�3, increasing feeding

duration resulted in increased growth performance

and yield from cages with growth performance and

yields in open ponds, which optimized economic

benefits from the cage-cum-pond-integrated

system. This study concludes that for optimal pro-

duction in a cage-cum-pond-integrated culture

system to be achieved, stocking density of 90

fish m�3 and feeding duration of 30–60 min

should be considered.
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