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Abstract 
Cage culture is a new venture in Tanzania, and the knowledge of stocking density in cages is still needed. Growth performance 
of Nile tilapia, Oreochromis niloticus (L) stocked in cages of varied stocking densities and their impacts on waters were 
evaluated for 212 days in Shirati Bay of Lake Victoria. We started with fingerlings of 18.0±2.1 g, 19.9±14.7 g, and 18.5 ± 
8.0 g mean weights. They were raised in cages at stocking densities of 70 (Treatment I), 100 (Treatment II), and 130 fish/ m3 
(Treatment III) each in triplicates. We recorded monthly fish weights and lengths, total nitrogen, total phosphorus, ammonia, 
and micro-benthos. Parameter such as dissolved oxygen, pH, temperature, and transparency were all monitored weekly. The 
final average fish weights were 374.1±59.8g in treatment I, (194.8 ± 63.7g) in II, and (273.2±20.6g) in III. Percentage fish 
survival was the highest in treatment I (76.7%), followed by II (65.4%) and III (54.3%). Specific growth rate, production 
and yield was the highest in treatment I, and significantly different from treatments II and III (p <0.05). This indicates that 
Nile tilapia flourished well in the lowest stocking density. Water quality parameters were within the range of fish culture 
throughout the study and observation of water depth, distance from the shoreline, and the prevailing water currents showed 
lack of adverse environmental effect caused by fish cage culturing.
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Introduction
Fish farming in Africa is a new venture started in the 1920s, and 
intensified thereafter when pond fish culture trials of tilapia estab-
lished in Central Africa by 1940s [1-3]. Cage culture like pond fish 
culture is among fish farming systems of however, more relatively 
shorter history in Africa than pond culture system [4,5]. The cul-
ture started sometime back by retaining fish as means for holding 
suitable quantity after catching them alive until when they are sent 
to market [6]. These practices were later spread to most of the trop-
ical and subtropical regions of Africa in the 1970s [7,8]. 

Cage fish culture is normally operated in public water bodies such 
as lakes, rivers, reservoirs, and costal sheltered areas and in so 
doing creates an alternative activity, especially for the communi-
ties with scarce land. Operations of cage requires lower capital 
investment, offer increased management flexibility and have lower 
production costs compared to ponds and raceways. Another ad-
vantage of using cages is breeding cycle of fish like Nile tilapia 
is disrupted allowing rearing of mixed-sex populations to grow 

without problems of sexual maturity, leading to stunting; a major 
constraint in pond tilapia culture system [9].

Experience has shown that some form of permit or licensing sys-
tem is required for effective monitoring and management of cage 
culture because they are said to impact environment negatively 
through pollution and problems associated with ownership. This 
occurs when cages are set in public water resource with poor man-
agement [10,11]. In Tanzania, like many other countries in the 
world, restricts fish cage culture practices in public waters until 
some protocols are observed (Tanzania Fisheries Act, 2003). Of 
recently, however, Kenya and Uganda started both medium and 
large-scale cage fish culture operations in Lake Victoria [12]. They 
did so to fill up gaps following decline in catches reported at many 
landing sites of the lake [13,14]. Major courses of fish decline were 
reported to have been brought by rampant use of illegal fishing 
gears and methods, poor management of the fisheries resources, 
and high fishing pressure fueled by hiking demand of fish protein 
required to feed an increasing human population (about 40 million 
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people) found in the Lake Victoria Basin [15].

Tanzania has recently, though in small pace, allowed cage culture 
in her public waters including of Lake Victoria. This new endeav-
our in fish farming technology has necessitated a study on cage 
fish culture to observe its viability, undertaking, and any negative 
environmental impact of these cage fish farming on public waters. 
For fish farming to succeed, issues such as proper selection of fish 
seed, feeds, good culture management is of paramount importance. 
This is because harvests at the end each production cycle is highly 
depend on among other factors, the number of fish stocked in the 
farm, food given and rates of fish growth in response to manage-
ment of the culture system. 

The majority of tilapia species farmed in Tanzania now are exten-
sively or semi-intensively reared for subsistence in ponds, tanks, 
haps or cages [16]. They can grows well at high stocking densities 
in the confinement tanks when good water quality is maintained. 
But use of high stocking density as a technique to maximize water 
usage, and thus increaseing stock production shown to have an 
adverse effect on growth [17]. In this paper information on the per-
formance of Nile tilapia under various stocking densities in cages 
of varied stocking densities, and iimpacts of cage culture on the 
lake water environment will be evaluated to gain knowledge and 
experience towards cage fish culture management in Tanzania.

Materials and Methods
The study was carried out for 212 days with purpose to determine 
growth performance of Nile tilapia, Oreochromis niloticus (L) 
reared in cages of varied stocking densities and observe their im-
pact on the lake waters. Cages for the experimental were located 
at 108’3.78” S and 33059’45.46” N in Shirati Bay of Lake Victo-
ria, Tanzanian (Figure 1). Nine cube shaped cages of 2m × 2m × 
2m were mounted net bags of uniform mesh sizes of 1.5 cm each 
in triplicate. They were stocked Nile tilapia fingerlings in cages 
set away from nursery grounds to expose them to wave actions at 
mean depth of 6.1 ± 0.8 m and far from the lake shore at about 300 
m offshore.

Figure 1: Site for Nile tilapia cage culture in Shirati Bay of Lake 
Victoria, Tanzania.

At stocking, ffingerlings had initial mean weights of 18.0±2.1 g, 
19.9±14.7 g, and 18.5 ± 8.0 g. Stocking densities of each set of 
cage were 70, 100, and 130 fish/ m3 referred to as treatments I, II, 
and III, respectively. Fish were fed 25% crude protein (Ugachick, 
feeds imported from Uganda) at feeding ration of 5% per body 
weight three times a day at 1000 hrs, 1300 hrs and 1600 hrs East 
African time. We randomly sampled a total of 90 fish, 10 from each 
cage and 30 fish per treatment (representing a stocking density) a 
month. For calculation of production at the end of the study, we 
recorded an aaverage monthly increment in weights and lengths.

Physical and chemical parameters of water were recorded from 
five sampling stations 1, 2, 3, 4, and 5. Station 1 was located at 
inshore about 75 m near the cages, station 2 represented site at the 
middle of the cages, station 3 was placed in between the cages, sta-
tion 4 was assigned an extreme end of cages toward the offshore, 
and the last station 5 was a place of the offshore waters located 
between 50 m and 500 m away from the cages. Data was collected 
weekly at 0900 hrs including data on water quality such as dis-
solved oxygen, pH level; temperature and transparency. Other pa-
rameters we recorded are Ammonia, SRP, Total Nitrogen, Nitrates, 
Total phosphorus and Chlorophyll-a. We collected these samples 
randomly twice in sixty days within Shirati Bay (108’3.78” S and 
33059’45.46” N) of Lake Victoria. We used a 1-litre Van Dorn wa-
ter sampler to sample at the surface, mid, and 0.4 meter above the 
lake bottom. Samples were preserved on ice box pending analysis 
in the laboratory. We also sampled Macrobenthos twice in sixty 
days using an Ekman grab sampler. Samples were taken by per-
forming two hauls of the grab sampler, mixed them together to 
make one composite sample. Organisms were separated from sed-
iments in a net of 500µm.

Data were analyzed in MINITAB version 13.1 for windows and 
comparison of fish mean weights between treatments over the 
study period was made using a paired t-test [18]. Analysis of vari-
ance (ANOVA) was used also to compare fish means weights with 

 

 

Cage site in Shirati Bay 
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physical and chemical parameters [19]. We identified and analysed 
macro-invertebrates according to [20-22].

Results
We stocked a total of 7,041 Nile tilapia in cages for a period of 212 
days. The highest percentage survival was in treatment I (76.7%) 
followed by treatment II (65.4%), and the least in treatment III 
(54.3%) (Table 1). Fish increased at a specific growth rate (SGR) 
of 1.03 in treatment I, a value significantly different (p<0.05) from 
SGR of fish in treatments II (0.52) and III (0.50). Likewise, an 

average daily growth (ADG) of fish in treatment I was the highest 
(1.0kg/day), but no significant difference (p>0.05) was noted be-
tween treatments II and III (Figure 2). This may have lead to the 
highest fish production in treatment I (210.2 kg) and significant-
ly different (p<0.05) from that of treatments II (94.2 kg) and III 
(106.7 kg). Feed conversion ratio (FCR), on the other hand was 
the lowest (1.7) in treatment I and significantly different (p<0.05) 
from the observed values for fish in cages of treatment II (3.6) II 
and III (2.6).

Table 1: Nile tilapia growth performance in cages of varied stocking densities in Shirati Bay of Lake Victoria.

Stocking density Treatment I Treatment II Treatment III 
70 fish/m3 100 fish/m3 130 fish/m3 

Number of fish restocked in cages 1521a 2400b 3120c 

Average weight at stocking (g) 18.0±2.1a 19.9±14.7a 18.5 ± 8.0a 
Average weight at harvest (g) 374.1±59.8a 194.8 ± 63.7c 273.2±20.6b 
Grow-out (days) 172a 170a 171a 
Biomass Growth Rate (kg/day) 1.03b 0.56a 0.67a 
No. fish at harvest 1167a 1570b 1694b 
Survival (%) 76.7c 65.4b 54.3a

Specific Growth Rate (SGR) 1.03b 0.65a 0.66a 
Food conversion ratio (FCR) 1.7a 3.6c 2.9b 
Production (kg/cage) 210.2c 94.2a 106.7b 
Yield (kg/m3) 26.3c 11.8a 13.3b 
Production rate (kg/day) or ADG 1.0b 0.6a 0.7a 
Relative biomass production (kg/m3) 29.7c 17.8a 20.6b 

Note: Values followed by different superscripts (a, b and c) in a row are significantly different at p<0.05

0
50

100
150
200
250
300
350
400
450

stocking Month 1 Month 2 Month 3 Month 4 Month 5 Month 6

A
ve

ra
ge

 b
od

y 
w

ei
gh

t (
g)

Sampling schedule (monthly)

70 fish/m3

100 fish/m3

130 fish/m3

Figure 2: Nile tilapia growth performance in cages of varied stocking densities.
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Physio-chemical parameters of water including dissolved oxygen 
(DO (mg/l), pH level, transparency, and temperature (0C) indicat-
ed slight decrease at stations 1, and 2 (near the cages) in the inshore 
waters. The parameters also decrease relatively at station numbers 
3 (inside the cages) and 4 at the extreme end of cages, but towards 
the offshore waters located (control point) at between 50 m and 
500 m away from the cages we noted an increase of these water 
parameters (Figure 3). Temperature was slightly higher within the 
cage area (26.170C) and decreased gradually towards an offshore 
water station (25.380C) with an average temperature of 25.800C 
throughout the study period. The pH level on the other hand, 
showed trivial decrease with increasing depth from station 1 in the 
inshore (7.72) to station 5 in the far offshore waters (6.46) with an 

overall average pH of 6.73. Figure 4 show changes in depth (m), 
DO (mg/l), pH level, transparency and temperature (0C) over the 
sampling period. One Way ANOVA for the test of significance in 
differences of the measured initial and final physical and chemical 
parameters indicated insignificant differences at p> 0.05.

Water samples indicated a notable increase in Total Nitrogen (TN) 
from 482µg/l±3.1 to 1,034.5µg/l ±282, Total Phosphorus (TP) 
from 89.8µg/l ± 3.7 to 106.8µg/l ±24.5, and Ammonia (NH4-N) 
doubled from 168.3µg/l ±22.0 to 365µg/l 126.2. An increase in 
invertebrate community particularly bivalves and gastropods were 
also noted as signs of activeness in the area where cages are set.

Figure 3: Physical and chemical parameters of water recorded from five sampling points

Figure 4: Changes in physical and chemical parameters of water recorded during Nile tilapia cage culture in Shirati Bay of Lake 
Victoria, Tanzania.
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Discussion
Fish farming is an activity intended to maximize fish production 
from aquaculture systems while maintaining the best ecosystem 
services of water [23]. Although there were few fish in treatment I, 
but indicated the highest performance in terms of weight gain and 
survival. It is known that stocking density significantly affect wa-
ter quality, with significantly higher dissolved oxygen and pH [23]. 
Weight gain in fish is associated also among other factors with 
the accretion of water, proteins, carbohydrates, fats, and minerals. 
Difference in fish growth rates occurs when they deposit nutrients 
at different rates and, consequently, have different feed require-
ments [24]. These amount of components deposited per unit of 
live weight gain is not constant, but rather changes with fish spe-
cies and size, and feeds used. Within the same species, different 
families or groups of individuals (strains) have different genetic 
makeup and often differ in terms of growth potential [25]. 

The amount of feed required to produce 1 kg of fish in aquacul-
ture systems is called feed conversion ratio (FCR). In this study, 
the value was lower for fish in treatment I (1.7) than in the other 
treatments. The differences in FCR among treatment, results from 
complex factors i.e. abiotic and biotic factors that are taking place 
in the water environment. Major factors influencing FCR in fish 
is temperature and quantity of dissolved oxygen in water, type of 
food, and age of fish [26]. With exception of treatment I, FCR in 
treatments II and III were above 2.5, which is however, the max-
imum value attained by most tilapia cage aquaculture systems in 
Africa [26]. Other reasons for high FCR in treatment II and III may 
be extensive feed wastage, congestion and other numerous param-
eters still not under control, such as the impact of natural produc-
tivity, and variation in appetite of the fish. In this study, fish at-
tained mean weight of 374.1 g in cage with treatment I, and 273.2 
g in treatment III and 194.8 g in cages of treatment II conforming 
to their FCR values. Mean weights attained were however, within 
the range of 200 to 500 g, which is the size of Nile tilapia targeted 
in most of West African countries [26].

Fish survival rate was the lowest in treatment III (54.3%), which 
has the highest stocking density (130 fish/m3). Stress associated 
with transport at stocking, careless fish handling during monthly 
sampling, and fish kills usually resulting from low dissolved oxy-
gen may be among the low survival [27]. It is from this regard that 
water quality management is considered key to successful cage 
fish culture and wastes such as uneaten food, faecal and urinary 
normally released freely around cages to the water environment 
should regularly be monitored [28]. To allow health ecosystem 
services, cages were set 4 m above the bottom to allow free move-
ments of wastes and circulation of dissolved oxygen to support 
good growth and health of fish.

Dissolved oxygen values and transparency decreased slightly from 
nearby to inside cages indicating effects of wastes release from 
cage systems, the phenomena reported also by [29,30]. They noted 
these changes in water quality parameters of the water column as 
an indicative of pollution and self-inflicted water quality-related 
problems, which affect cage farms in lakes and reservoirs. Dis-
solved oxygen and transparency values recorded in the offshore 
sampling points at between 50 m and 500 m, were relatively higher 
than those near to the cages implying that appropriate sitting is 

the best practice in cage fish farming. In this regard, Beveridge et 
al., suggested to maintain a minimum of three parts per million (3 
ppm) or DO of 5 mg/l at temperature between 250C-300C as ideal 
conditions for Nile tilapia farming in fresh waters [31].

Temperature values from 240C to 270C recorded in this study were 
within the ideal range for good tilapia growth (recommended val-
ues are 250C to 300C) [26,31]. But we noted a declining trend in 
water transparency inside (1 m) and outside (2 m) the cages. These 
variations were meagre throughout the sampling period, implying 
a relatively low quantity of suspended soil, organic material (de-
tritus), and plankton (floating or suspended microscopic plants and 
animals) within and away from the cages site. Low transparency 
is a mirror of high-water turbidity. In this study light, penetration 
dropped lead to fish kills when the upwelling of anoxic hypolim-
netic waters occurs during mixing and should not fall beyond 100 
ppm [32].

Levels of pH declined trivially from 5.6 to 9.8 with increasing 
depth. These values deviated slightly from the best pH range of 
6 to 9 for tilapiine to survive positively, yet had no negative im-
pacts because the values can extend between 5 and 10 [33]. Water 
currents observed were between 10-20 cm/ sec said to be within 
the recommended values for the growth of tilapiines in cages at 
suitable sites [34]. Within this range, the water current and oxygen 
supply to fish is good rendering permanent water exchange be-
tween water bodies inside and outside to reduce negative influence 
on the environment.

Nutrients examined in this study were Total Nitrogen, Nitrate, 
and Nitrites, and Ammonia, Total Phosphorus, and Chlorophyll-a. 
They were all varied during the study period. All life needs nitro-
gen (a nutrient and component of protein) for growth and survival. 
However, too much nitrogen can cause adverse health effects (in 
drinking water) or environmental degradation (especially in coast-
al waterways). 

Total Nitrogen is an essential nutrient for plants and animals. Any 
excess amount of nitrogen in a waterway may lead to low levels 
of dissolved oxygen and negatively alter various plant life and or-
ganisms. In the environment, excess nitrogen can cause over-stim-
ulation of growth of aquatic plants and algae. Excessive growth of 
these organisms, in turn, can clog water intakes, use up dissolved 
oxygen as they decompose, and block light to deeper waters [35]. 
The most important long-term effect of Nitrogen deficiency on 
photosynthesis is a decrease in leaf growth, resulting in reduced 
total production of photosynthate [36]. 

Large quantities of Total nitrogen loading brought into the lake is 
contributed mainly by runoff waters through the catchment from 
agricultural activities. In this study, values of Total Nitrogen, Ni-
trate and Ammonia after stocking of fish in cages were higher (912 
± 113.0 µg/l, 43.2 ± 156.0 µg/l, 14.3 ± 12.0 µg/l) than previous 
findings recorded in the same site i.e., 861.1 ± 176.0 µg/l, 26.1 ± 
9.6 µg/l and 157.6 ± 192.8 µg/l, respectively (TAFIRI, 2005). An 
acceptable range of total nitrogen in fresh water is 3.0 mg/L to 32.8 
mg/L, and 10 mg/L is the standard for human drinking water [37].

Total Phosphorus is another essential nutrient for plants and ani-



mals. It is naturally limited in most fresh water systems because 
it is not as abundant as carbon and nitrogen; introducing a small 
amount of additional phosphorus into a waterway can have adverse 
effects. Sources of phosphorus include soil and rocks, wastewater 
treatment plants, runoff from fertilized lawns and cropland, runoff 
from animal manure storage areas, disturbed land areas, drained 
wetlands, water treatment, decomposition of organic matter, and 
commercial cleaning preparations. Total Phosphorous recorded in 
this experimental study was lower (8.5.8± 25.0 µg/l) than an ac-
ceptable range for total phosphorus (10 μg/L to 40 μg/L). This may 
be accounted as due to local seasonal conditions and the nutrient 
enrichment caused by waste food and metabolic wastes produced 
by fish. However, they were within the values recorded from oth-
er parts of the lake [2]. Hence, the noted values observed in this 
study, may not necessarily be caused by cage fish farming since, 
they were within tolerable ranges.

Conclusion
Of the three stocking densities, Nile tilapia grew best in cages of 
lower stocking density than in high stocking densities. It means 
increasing stocking density can boost production but should be 
accompanied by quality feeds and thoroughly water quality man-
agement within and around cage systems. The values of water 
quality recorded throughout the study were within ranges found 
elsewhere in the lake. An indication that fish cages culture did not 
have alarming negative impacts on the water environment. How-
ever, continuous monitoring of factors such as water quality pa-
rameters, water currents, and water volume is needed to ensure 
they are within recommendable values for fish cage culture. 
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