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Abstract: Biological indices; length-weight relationship and fish condition are tools for design of husbandry practices and
developing policies for fish farming in natural and artificial water systems. We investigated the effects of fish stocking density
treatments; A (100), B (150), C (200) and D (250) fishm™ on growth and well-being of Nile tilapia, reared in floating cages at
Arechek valley dam located in Napak District, Karamoja-Uganda. Length-weight relationship and relative condition factor
were computed for each treatment and the resultant outputs compared using univariate ANOVA, and regression analyses. Final
fish weights (=Stdev) in different treatments were 311.49+114.6, 204.8+30.5, 138+40.2 and 153.3+68.8g while the mean total
lengths were 23.294£2.55 cm, 17.545.5, 15.6£15.6 and 19.4+£3.02 c¢m, in A, B, C and D respectively. The length-weight
allometry was significantly (P<0.05) different among treatments, (F(s 1031y = 3.102). Mean relative conditions (K,) were
(£Stdev) 1.08+0.08, 1.91+0.13, 0.79+0.08 and 0.65+0.08 in A, B, C and D respectively, and these were significantly different
(P<0.05). Water quality parameters did not influence fish growth and K, F (4 s9) = 1.849, P>0.05, R?=0.111). The variation in
condition was mainly due to stocking density (P<0.05). The most appropriate stocking density of Nile tilapia in valley dam
using 35% C. P sinking feed is 100-150 fishm™ of cage.
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been done in Uganda.

A valley dam is a structure or barrier constructed across a
valley, to conserve, store or to control the flow of water. The
water may be used for domestic water supplies, irrigation,
watering terrestrial livestock, fish farming or environmental
conservation in water-stricken areas [2, 3]. In Karamoja sub-
region, several valley dams were originally used for crop
irrigation and watering livestock. The introduction of cage

1. Introduction

Nile tilapia (Oreochromis niloticus) is the principle farmed
fish species in Uganda and is among the most favorable
commodity for cage fish culture in the world [1, 2]. The fish
is perhaps the most highly favored species for intensive
culture across the different production systems (cages,
earthen ponds, and concrete tanks) due to its flexibility to

ecological dynamics and tolerance to a wide variation in the
quality of artificial feeds [3]. However, commercial
production of Nile tilapia is still limited by lack of policy
guidelines on the stocking density (kgfishm™) of cage,
especially in valley dams, where no substantial studies have

fish farming into these dams is an afterthought activity to
compliment agricultural output of the dams in availing the
much-needed fish protein to vulnerable groups in a hard-to-
reach area [3]. The success of the introduction of fish
farming in valley dams requires strong technical guidelines to
safeguard environmental quality and make the enterprise
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economically sound.

Arechek valley dam is located in Napak District in the
semi-arid area of Karamoja, where rainfall distribution is not
reliable; the dam is heavily crowded by large herds of
livestock which draw water from the facility on daily basis.
The region is sparsely populated due to high level of infant
and maternal mortalities, which stand at 64 deaths per every
1000 live birth [4]. The high infant and maternal mortalities
are motivated by among others malnutrition. The area largely
relies on cattle products such as milk and beef but this of late
has become insufficient in quantity and unreliable in quality
compared to fish [4].

Amidst the raging challenges of prolonged drought,
inadequate food supply and malnutrition, the Karamoja
community has no sustainable source of food fish, yet fish
protein is known to be nutritious and superior in terms of
supply of essential amino acid (lysine) and omega-3fatty acid
[4]. One way of ensuring sustained supply of food fish to
Karamoja region is through promotion of fish farming to
augment the use of the valley dam and ensure constant
supply of fish to the community. However, sustainability of
fish farming in a given locality requires the fish being
cultured to be suitable for culture in the local environment,
and with minimum environmental effects [4]. Ascertaining
the correct number of fish stocked per unit volume of water,
facilitates proper planning of the quantity of production, both
in terms of seed and other inputs like feeds and even labor
[1].

However, for commercial operations, the important
parameter in gauging the well-being of a fish under different
stocking densities in cages is the relationship between
individual fish length and its total weight [1]. This approach
also examines the possible differences between individuals
among experimental treatments, consisting of the same
species of fish [1]. Furthermore, length-weight relationship
provides important insight into the condition and growth
patterns of fish [5, 6]. It is also an important aspect that
guides farmers in achieving commercially viable fish sizes at
harvest [7].

Condition factor signifies the overall well-being and health
of a fish stock. It is an important factor in signaling growth in
relation to stocking density. Condition factor of farmed fish
will decrease with increase in individual fish length, hence
providing a tool for monitoring physiological status of the
fish [5, 8]. Therefore; condition factor is a tool useful in
monitoring the effects of density dependent factors on fish
population [9].

Although the relationship between length and weight of
Nile tilapia has been studied elsewhere for different
production systems, there is no information available from a
similar study conducted in cages placed in valley dams. Yet
the introduction of cage fish farming in Karamoja sub-region
in particular, will require policy guidelines in terms of fish
stocking density in respect to species, and possible
environmental and economic out comes. Therefore, this
study investigated the effects of stocking density on Length—
Weight Relationship and condition with a view of generating

information on appropriate stocking density to guide fish
farms and the government to farm profitably, and mitigate
negative environmental disasters such as water pollution,
associated with inappropriately high stocking density.

2. Materials and Methods
2.1. Study Area

The study was conducted in Arechek valley dam located at
Matany sub-county, Napak District, Karamoja sub-region in
Uganda. With a surface area of 4 km’, the dam is established
along a valley traversing three districts of Nakapiripirit,
Napak and Katakwi. Owing to its location in a range land,
where bush burning is common, the dam is often enriched by
organic matter, a precursor for algal development. The
average depth of the dam is five meters (Figure 1).
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Figure 1. Map showing the location of Arechek valley dam (marked pink) in
Napak District of Karamoja sub-region, where the experiment on stocking
density, length-weight relationship and condition was conducted. The blue
ribbons represent the nearby streams and rivers neighboring he study site
respectively.

2.2. The Experiment

Four experimental treatments A (100 fishm>), B (150
fishm™), C (200 fishm™) and D (250 fishm™), were set up in
triplicates using floating cages, each 8 m’ by volume
(dimension; 2x2x2). The cages were placed offshore a valley
dam, at a location with water depth average five meters. Nile
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tilapia fingerlings of nearly the same body size were obtained
from commercial fish hatchery within the country for
experimentation. Before the beginning of the experiment, the
fish were stocked in two separate cages and fed for a month
in order to acclimatize the stock to dam environment (water
quality and experimental feed). To the four experimental
treatments (A, B, C and D), tilapia fingerlings (initial average
weight, 2.53+1.20 g) were fed on commercial sinking pellets
(35% crude protein) for five months growth period from
August 2017 to January 2018. The size of the experimental
feed pellets initially comprised 1.5 mm diameter but this was
changed to 2 and 3 mm respectively, following the observed
fish gape (mouth) size. The feed was being stored in sacks
placed on wooden pallets in a well aerated room with
concrete walls and floor to minimize deterioration of the feed
quality.

2.3. Fish Feeding

Fish were fed to satiation thrice a day at 0900 hrs, 1200-
1400 hrs and 1500-1700 hrs.

2.4. Fish Sampling

Biometric and water quality data were taken monthly for
five months. During sampling, a sub-sample of 50 fish was
randomly drawn from each experimental unit for biometric
data collection. For each sampled fish, total weight, total and
standard lengths were taken. Fish weight (g) was taken using
a digital electronic scale; model Constant 14192-007R, while
standard and total lengths (cm) were taken using fish
measuring board, model Bakelite translucent graduated
board, 100 cm long.

2.5. Environmental Quality Monitoring

Water quality measurements were done on-spot between
0800 hrs and 0900 hrs on each sampling day, using a multi-
parameter water quality test meter, model Eco-Sense
DO200A. Reading for each parameter was taken from two
locations (in and outside each cage/experimental unit). The
parameters taken were temperature (degrees Celsius),
Dissolved oxygen (ppm) and pH.

2.6. Computation of Length-weight Relationship and the
Condition Factor

To compare condition among treatments and for the
generation of predictive models of fish condition, relative
condition factor of Nile tilapia was calculated as the ratio of
observed individual fish weight to expected weight of an
individual of a given length. For this, we applied the formula:
K,=W//aL; where W;is observed individual fish weight, L;
is observed individual fish total length, and, a and b are
species-specific constants [10]. These regression constants
were obtained from the treatment length-weight relationship
(W=aL") derived by pooling data generated from the
respective treatment replicates in successive sampling
months for the entire fish specimen in each treatment. Length
and weight data were log-transformed to remove skewedness,

and the resulting linear relationships fitted by least square
regression using weight as the dependent variable.

2.7. Statistical Analysis

The condition factor and water quality was compared to
assess the health of Nile tilapia in different stocking
densities. The mean relative condition of fish in each
treatment replicates were pooled and computed to explore
relationships between fish stocking densities and fish
condition. Univariate Analysis of Variance (ANOVA) was
used to test for differences in mean relative condition of fish
in each treatment exposed to different stocking densities. To
explore the effects of water quality and stocking density on
fish condition, multiple regression analysis was performed,
by fitting relative condition factor (K,) against water quality
variables and stocking density. Statistical analysis was done
using SPSS for windows version 21 at 0.05% level of
significance [11].

3. Results and Discussion
3.1. Fish Growth

In the five months growth period, mean final fish weights
(£Stdev) in the different treatments were 311.49+114.6 g,
204.8+£30.5 g, 1384+40.2 g, and 153.3+68.8g, while the mean
fish total lengths were 23.29+£2.55 cm, 17.5+£5.5, 15.6£15.6,
and 19.4+3.02, and, in the treatments A (100 fishm™), B (150
fishm™), C (200 fishm™) and D (250 fishm™) respectively.
Stocking density has become a widely applicable and guiding
husbandry factor in intensive fish culture in earthen ponds,
concrete tanks, raceways and cages. The concept of stocking
density relates to the concentration at which fish are initially
stocked and implies the intensity of fish at a given time [12,
13]. Stocking density is often defined in terms of kilogram
per cubic meter (kgm®) of the water, reflecting a
weight/mass-volume relationship.

For a given production system, stocking density depends
on the carrying capacity, thereby determining the maximum
quantity of fish the system can sustain without compromising
the well-being of the organism, providing an opportunity for
management policy formulations [3].

In this study, fish held in cages with lower densities were
heavier than the ones with higher densities. Thus, the fish in
cages A and B, of stocking densities 100 fishm*.and 150
fishm®, were heavier (mean weight 311.49+114.6 g and
204.8+30.5, respectively) than fish in cages C and D
(stocking densities 200 fishm® and 250 fishm®) with final
weights of 138+40.2 and 153.3+68.8 g respectively after a
five-months growth period. The heavier fish obtained at
lower stocking density was also reflective of the significant
variation in the relationship between length and weight
across the experimental treatments A, B, C and D.

3.2. Length-weight Relationship

Post-hoc test showed significant differences (P<0.05) in
the relative condition factor among fish of the four different
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treatments. No significant difference, however, was observed
between the treatments C and D (Mean diff 0.75, P =1.0).
The length-weight allometry among treatments was also
significantly (P<0.05) different, (F s, 1081y = 3.102, P<0.009).
The relationship between weight and length for fish in each
treatment, obtained by the regression of length and weight of
individuals across treatments was significant (P<0.001). The
proportion of the variance in individual treatment fish
weights that was due to change in fish length was
significantly (P<0.001) different across the treatments. Thus,
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the ‘b’ values that represent the predicted fish total length in
treatments A and B were not significantly different from each
other but significantly different from those of treatments B
and C. Deviation from the widely accepted values b = 3, and
the higher coefficient of determination (R* > 60%) in all
cages depict significant variation in the length-weight
relationship. Treatments A and B experienced negative
allometry, with ‘b’ values of 2.82; and 2.85 and, while fish in
cages C and D, experienced positive allometry; b = 3.3; and
b=3.3 in C and D respectively (Figure 2).
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Figure 2. Relationship between total weight (g) and total length (mm) for Nile tilapia derived after regression of length and weight of individuals in each
treatments data of all sampled individuals at Arechek valley dam, Napak district. The treatments were distributed in four experimental treatments, with each
treatment cages/units A, B, C and D, replicated in triplicates with stocking densities of 100, 150, 200 and 250 fishm respectively.

Growth is said to be positively allometric when weight of
an organism increases more than length (b>3) and negative
when length increases more than weight (b<3) as was the
case with cages A and B (b<3) and B and C (b>3) [14].
However, for farmed fish to acquire reasonable market
quality there is need for proportional increase in both length
and weight. Otherwise, shorter fish would equally weigh less
the same way slender counter parts would.

The results conform to the observation made elsewhere

that a fish normally does not retain the same shape or body
conformity across the different life stages and specific
gravity of tissues does not remain the same [10, 5]. Hence the
actual relationship departs significantly from the cub law.
This variation in the length-weight relationship may not only
be attributed to differences in stocking density, but also
sample size variation, growth stages and environmental
factors [14].

Whereas fish attained smaller sizes, weights in treatments
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C and D with higher stocking density had positive allometry;
this may be due to uniformity in sizes and very low variance
among individuals. In addition, several advantages are
attributed to higher stocking density in tilapia monoculture
such as; fostered faster growth rates, homogeneity in sizes,
reduced cannibalism in fingerlings and juveniles [13].

3.3. Relative Condition Factor (K,)

Mean relative condition (K,) (£Stdev) for the respective
treatments (P<0.05) were 1.91+0.13, 1.08+0.08, 0.79+0.08,
and 0.65+0.08 in treatments A, B, C and D respectively
(Figure 3).
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Figure 3. Mean relative condition of Nile tilapia derived after regression of
length and weight of individuals in four treatments for all sampled
individuals at Arechek valley dam, Napak district. The treatments were
distributed in experimental units (cages A, B, C and D). Experiment A, B, C
and D represent the different stocking densities 100, 150, 200 and 250 fishm
? respectively. Vertical bars represent =1 standard deviation. Different letters
above each treatment indicates significant difference at P<0.05.
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Condition factor represents a quantitative indicator of the
well-being of fish [15]. For the current study, fish were
reared purposely to provide food and perhaps generate
income for the farmer. However, production and income
generation in fish farming greatly depend on the quality and
quantity of fish produced. In this regard, the statistically
significant variation in relative condition (K,) with stocking
density, across the different treatments is reflective of the role
stocking density plays in determining the quality and quantity
of fish produced from a given production system. Similarly,
the highest condition and hence better condition of Nile
tilapia was obtained from cage B, followed by A, while the
worst condition of 0.65 being in cage D which also had the
highest stocking density. The latter observation indicates that

higher stocking density reduces the vigor of the stock to
attain bigger weight, and therefore, stocking density beyond
150 fishm™ is not appropriate for valley dams. This perhaps
is because of the closed nature and the location of the system
in semi-arid area where water exchange in the system is
minimal. It has also been observed that changes in food
reserve in farmed fish occur due to restricted access to feeds
by individual fish resulting from competition. Overcrowding
especially in cages creates stratification and territories of
different sizes due to difference in growth, emanating in
individuals’ ability to access food. Thus, other than at
fry/fingerling stage when higher stocking helps in regulating
cannibalism in Nile tilapia, the practice becomes a vice at
juvenile to adult stages as more aggressive behavior by much
bigger individuals commonly known as “shooters” become
apparent [16]. As observed therefore, the relative condition
index in higher stocking densities C and D were below the
threshold value of one, meaning stocking density of >150
fishm™ leads to less robust fish at harvest, compared to a
lower stocking density of <150 fishm™. Stocking density has
also been shown to affect fish health and condition, therefore,
condition is one of the fundamental principles that determine
the carrying capacity of different production systems [13, 17,
18].

Furthermore, as individuals in confinement continue to
increase in size (length and weight); the volume of the cage
continues to reduce, reaching carrying capacity at smaller
size of fish. Crowded systems are associated with
physiological stress and body injuries such as scale loss, fin
damages, and opportunistic disease infections [13, 19]. Yet
stress in farmed fish is also associated with reduced appetite,
low food conversion and hence low body weight. The
negative consequence of higher stocking density often results
in poor quality fish products with lower economic returns to
the farmer.

3.4. Effects of Water Quality and Stocking Density on
Relative Fish Condition

Mean water quality parameters did not vary significantly
among treatments (P>0.05). The observed variation in mean
relative condition among treatments was not influenced by
water quality parameters K,, F (4, 59) =1.849, P>0.05, R? =
0.111). Thus, the variation in mean relative condition was
mainly due to stocking density (P<0.05) (Table 1).

Table 1. Mean levels £Stdev of the physico-chemical water quality parameters in the different cage culture treatments.

Levels in different treatments

Benchmark for fresh water fish culture

Water quality parameters

A B C D
Dissolved oxygen (mgL™") 4.8+1.1 4.8+1.2 4.9+1.3 4.9+1.3 >5[12]
Water Temperature (°C) 25.5+1.3 25.4+1.5 25.3+1.6 25.3+1.7 25-30[12]
Hydrogen potential (pH) 7.3+0.4 7.3+0.4 7.3+0.4 7.3+0.4 6.5-8.5 [12]

The treatments were distributed in four experiments units, cages A, B, C and D, with different stocking densities of 100, 150, 200 and 250 fishm-3

respectively.

Considering environmental factors, there was no evidence
of significant effects of water quality on fish length-weight

relationship and condition. All the parameters were within
the same range across all the treatment and therefore, the
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same impacts were shared across the treatments. All the
differences in growth, and condition were mainly attributed
to variation in fish stocking density among others. This study
may also be replicated in crater lakes since they seem to have
similar ecological dynamics.

4. Conclusion and Recommendations

This study defined appropriate stocking density of Nile
tilapia in valley dam using sinking feeds 35% C. P as being
in the range of 100-150 fishm™ of cage. Given the numerous
valley dams in the region, the present findings could form a
baseline for regulatory policy for sustainable cage culture in
these water bodies of Uganda. We recommend further studies
using floating feeds, with cages placed in different locations
for comparison.
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