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Abstract

Optimum water levels of good quality are vital for fish
survival, growth and reproduction performance. However, due
to erratic rains, climate change, the quantity of water in the fish
ponds has been fluctuating over the production season,
especially at the end of dry season. This study was conducted
to investigate the effects of fluctuating water volumes on the
growth performance of Coptodon rendalli fingerling. A total of
180 C. rendalli fingerlings with a mean weight of 3.0+0.10g
were randomly stocked in four treatments and replicated three
times for 63 days. Water volumes in treatment
1 (T1) and treatment 4 (T4) were maintained at constant
volumes of 100% and 60% respectively, throughout the study
period, while those of treatment 2 (T2) and treatment (T3) were
fluctuated every twenty-one days. It was observed that fish
growth was higher in the T1 with the final individual mean
weight of 6.75+0.22 g, followed by T2 with a final individual
mean weight of 5.48+0.33 g. The lowest final individual mean
weight was 4.24+0.15 g in T4, but did not differ significantly
(P<0.05) from T3, which had a final individual mean weight of
4.43+0.14 g. The survival rates of fingerlings in all treatments
were not significantly different (P<0.05). The study also show
that water volumes have an impact on ammonia concentration
in culture facilities, whereby T1 reported lower ammonia level
concentration of 0.07+£0.02 mg/L, but not significant different
from T2. T4

reported the highest ammonia concentration of 0.19+0.02
mg/L, but was not significantly different from T3. This suggest
that optimum water level is a crucial factor, if a high growth
rate of fingerlings is to be achieved. Although fingerlings would
still survive, their specific growth rate would be reduced by
about 57%, subsequently reducing the final weight by 37%.

Introduction

Fish is the major source of affordable dietary animal protein
and livelihood for the majority of the population in the world
who live below the poverty line (GoM, 2005). In Malawi, fish
contributes about 70% of all dietary animal protein and 40% of
all protein intake. However, fish intake has been declining in
recent years due to declining fish stocks in the natural water
bodies (Breuil and Grima, 2014). Fish and its value chain are
also a source of income for people worldwide. In Malawi
alone, fish contributes about MK2.6 billion (US
$24 million) annually, and about 4% of the country’s GDP.
Furthermore, it provides more than 60,000 direct jobs and over
500,000 indirect jobs in either fish processing, fish marketing,
net making, boat building, and other related activities
(Commonwealth/GTZ, 2007). Although fish farming is a
promising venture, its production depends on the availability of
water. Unfortunately, in Malawi, rainfall is the major source
of water for various agricultural activities, which only
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comes from November to April, leaving the rest of the months
dry and idle (Jamu and Chimatiro, 2004). During the dry
months, aquaculture is faced with water volume and quality
fluctuations as a result of erratic rainfall. Hence, the pond’s
water levels fluctuate seasonally between maximum levels,
usually at the end of the rainy season, and minimum levels at
the end of the dry season (White et a/., 2008; Halim et al.,
2017). Slower growing species, such as brown trout (Sa/mo
trutta) and tilapia, are particularly vulnerable to fluctuating
water levels during the production cycle (Flodmark et al.,
2004).

Coptodon rendalli is one of the important fish species in
Malawi and its culture is emerging both in the pre-urban and
urban areas (Masuda et al. 2004). Fluctuation of the pond’s
water volume, which is associated with change in water quality
parameters is a major factor affecting survival and growth of C.
rendalli in aquaculture. Water quality parameter such as
temperature, dissolved oxygen, carbon dioxide, pH and
ammonia are altered with the pond’s water volumes.
Consequently, deviation of these water quality parameters from
optimum range adversely affects growth and survival rates of
the cultured fish (El-Sayed, 2006). The growth rate of
C. rendalli decreases quickly at temperature below 20°C with
poor growth recorded at temperature below 15° C (Mjoun et al.,
2010). The optimum growth for 7. rendalli is achieved at 28°C
temperature (Skelton, 2001). Furthermore, the level of un-
ionized ammonia, which have an impact on fish production and
can cause high mortality over a few days is ranged between 0.2
and 0.6 mg/L (Joel and Amajuoyi, 2010). The toxicity of
ammonia is influenced by concentration of dissolved oxygen,
carbon dioxide and pH which are exacerbated by fluctuation in
the pond’s water volumes. The toxicity increases with
decreasing dissolved oxygen and pH and decreases with
increasing carbon dioxide. This is due to the fact that increase
in carbon dioxide leads to the formation of carbonic acid which
decreases the pH of the water leading to the form of unionized
form of ammonia. For optimum growth of fingerling, the
ammonia (NH3) concentration below
0.05 mg/L are recommended (El-Sayed, 2006). Furthermore,
C. rendalli is known to withstand very low levels of dissolved
oxygen (as low as 3mg/L). However, best fingerling growth
performance is achieved when the dissolved oxygen is above
6mg/L. Low survival occurs when dissolved oxygen become
less than 2 mg/L for more than 24—72 hours consecutively
(Chervinski, 1982). Hence, pond water levels must be kept
constant at the recommended depth to avoid deviation of these
water quality parameters from the optimum range.

Good quality fingerlings contribute significantly to
optimum fish growth and survival which eventually determine
the fish yield. Whilst a considerable number of studies have
been done on the impact of pond depth as well as water volume
on quality of fingerling, there is hardly no study on the effects
of fluctuations in water volumes, which may occur during the
production period of C. rendalli fingerling on their growth and
survival rates. Considering the importance of quality fingerling
in any aquaculture venture, it was important that the present
study must be conducted to determine the role of fluctuating
water volumes on the quality of the fingerling,
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which is an important determinant of fish quality and yield in
aquaculture production.

Materials and methods
Study area

The study was conducted at the Lilongwe University of
Agriculture and Natural Resources (LUANAR), Bunda

campus, Aquaculture and Fisheries wet laboratory, Lilongwe,
Malawi for a period of 63 days (Figure 2).
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Figure 2. LUANAR, Bunda Campus, showing where the
experiment was conducted

Fingerling collection, conditioning and stocking

A total of 180 fingerling of mixed sexes of initial average
weight of 3.0+£0.10 g were collected from Bunda fish farm.
Fingerling were stocked randomly and acclimatized for a week
in the experimental tank before commencement of the study. A
total of 15 fingerling were stocked in each experimental tank,
making a total of to 45 fingerlings per treatment.

Experimental layout and treatments

The experiment was laid out in a Completely Randomized
Design (CRD) with four treatments (denoted T1, T2, T3 and
T4) replicated three times. Twelve tanks, measuring 0.1m> were
filled with water drawn from the same one source to ensure
there was no disparity in terms of water quality. Treatment 1
(T1) and Treatment 4 (T4) had a constant (not fluctuated) water
volume of 0.Im* and 0.06m> respectively throughout the
experimental period. The water volumes in Treatment 2 (T2)
and Treatment 4 were fluctuated. In Treatment 2, water volume
was fluctuated from 0.1m?3 to 0.06m? and back to 0.1m? every
after 21 days, whilst in
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Treatment 3 (T3), water volume was fluctuated from 0.06m?
to 0.1m? and back to 0.6m? at every after 21 day. All treatment

Table 2.1 Experimental set up
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were aerated using air stones.

Treatment (T) Volume of water (m%)
21days 42 days 63 days
1 0.1 0.1 0.1
2 0.1 0.06 0.1
3 0.06 0.1 0.06
4 0.06 0.06 0.06
Fish feeds and feeding and measuring board respectively. Furthermore, initial weight

The fingering were fed Bunda feed containing 30% crude
protein twice a day i.e., at 0900 hours. to 1400 hours. The fish
were fed at 10% of total body weight/per day throughout the
study period.

Fish data collection
A total of 30% fingerling were sampled every 21 days per

treatment and their individual weight, total length and standard
length were measured using an electronic weighing balance

and final body weights, and survival rate of fingerling as well
as water quality parameters data were measured from all
treatments and all data were recorded then entered in
Microsoft® Excel pending foe analysis.

Growth performance

Growth performance parameters of fish was determined by
periodically assessing the change in weight (g) as well as length
(mm) of the fish and it was determined in accordance with
Stickney (1994) using the following formulae.

Absolute weight gain (g) = final weight (g) — initial weight (g) (1

Average weight gain (g) = final mean weight(g) — initial mean weight(g) 2

[final mean weight (g) — initial mean weight (g)] )

Increase in mean weight =

initial mean weight (g)

amount of feed given (g) “)

Apparent feed conversion ratio =

body weight gain (g)
In(final weight (g) — initial weight (g)) (5)

Specific growth rate (%.d™1) =

X 100

time (days)
(initial number of fish — final number of fish) (6)

Survival rate (%) =

initial number of fish

Water quality parameters

Water quality parameters; temperature and un-ionized
ammonia (NH3), were measured throughout the experimental
period to establish the water quality of the experimental tanks.
Temperature was measured twice daily before feeding using
mercury thermometer. Labelled (250 ml) plastic sampling
water bottles were used to collect water samples in
experimental tanks bi-weekly to measure un-ionized ammonia
(NH3) using Indophenole Blue method.

Data analysis

Statistical package IBM SPSS (ver. 20) was used in analysis
of data and Microsoft Excel (2019) for Windows was utilized
to create graphs. Levene’s and Shapiro-Wilk’ tests were used to
test data for homoscedasticity and normality respectively. One-
way analysis of variance (ANOVA) was deployed to determine

whether significant differences existed
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between final weight, weight gain, specific weight gain,
apparent feed conversion ratio and water quality
parameters. When significant differences were found
among treatments, Turkey test was used to test differences
between treatment means.

Results
Growth performance

The initial weight of the fish did not differ significantly
(P=0.311) among treatments. Results showed that growth
was slower in the first four weeks but increased in the
subsequent weeks as reflected by the average growth. The
significant different was observed after 21 days of stocking
fingerling with T1 (100%) be significant different
(P<0.012) from T3 (60%, 100%, 60%) but not
significant different from T2
(100%, 60%, 100%) and T4. After 42 days of stocking
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fingering the results showed that T1 was significant different
(P<0.001) from T2, T3 and T4, the trend continued up to the

Average weight (grams)

0 21 42
Time (Days)
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end of the study (Figure 3.0).

== 100%
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Figure 3: Mean weight of C. rendalli though experimental period. 100%=0.1m> 60%=0.06m?, Time = days

Results on growth parameters, specific growth rate,
apparent feed conversion ratio and survival rate are shown in
(Table 3.1). The findings revealed that there was a significant
difference (P<0.001) for the final individual mean weight
between T1, T2, T3 and T4 (Table 3.1). T1 reported the highest
final individual mean weight of (6.75+ 0.22 g)

followed by T2 (5.48+0.33 g) and T4 reported the lowest final
individual mean weight of 4.244+0.15 g. Similar trend was also
observed in other growth parameters in all treatments apart
from apparent feed conversion ratio, whereby T1 was not
significant different (P< 0.714) from T2 (Table 3.1).

Table 3.1 Growth parameters, (Survival, SR and FCR) of C. rendalli and water quality parameters.

Parameter T1 T2 T3 T4 P value
Initial weight (g) 3.15+0.08 a 2.90+0.10 a 3.10+0.10 a 3.04+0.08 a 0.311
Final weight (g) 6.75+0.22 ¢ 5.48+0.33 b 4.43+0.14 a 4.24+0.15a 0.001
AWG (g) 3.60+0.28 ¢ 2.57£0.03 b 1.33+0.20 a 1.20+£0.21 a 0.001
AWG-day (g) 0.06+0.00 ¢ 0.04+0.00 b 0.02+0.00 a 0.02+0.00 a 0.001
Increase in mean 114.2249.31 ¢ 89.324+5.69 b 42.65+4.94 a 42.65+4.94 a 0.001
weight (%)

Specific growth rate 1.21+£0.07 ¢ 1.01£0.05 b 0.56+0.05 a 0.52+0.05 a 0.001
AFCR 1.494+0.26 b 1.83+£0.03 b 3.81+£0.28 a 4.19£0.97 a 0.001
Percentage survival 86.67+3.85a 82.22+5.57 a 86.67+7.70 a 91.11+2.22 a 0564

2 Means (+SE) within the same row and followed by the same letter are not significantly (P 1 10.05). AWG=Average Weight Gain,

AFCR= Apparent Feed Conversion Ratio,

T=0.1m*(100%), T2=0.1m’(100%)/0.06m*(60%)/0. 1m*(100%), T3=0.06m>(60%)/0. 1m*(100%)/0.06m*(60%) and T4=0.06m’(60%)

Water quality parameters

Results shown that there was a significant difference (P <0.05)

for ammonia among the treatment. T4 reported the highest

ammonia level concentration of 0.19+0.01 mg/L, followed by T3 with ammonia level concentration of 0.18+0.01 mg/L (Table 3.2).

Table 3.2: Water quality parameters.
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Parameter T1 T2 T3 T4 P-Values
Temp °C (am) 2221+ 0.20 a 22.2240.01 a 22.214£0.06 a 22.21+0.12 a 0.878
Temp °C (pm) 23.26+0.06 a 23.28+0.11 a 23.30+0.15a 23.29+0.12 a 0.995
DO (mg/L) 5.05£0.29 a 5.1740.02 a 5.08+0.02 a 5.02+0.04 a 0.175
pH 7.54-8.24 7.44-8.14 7.42-8.21 7.43-8.13
NH; (mg/L) 0.07£0.01 b 0.09£0.01 b 0.18+0.01 a 0.19£0.01 a 0.010
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1T=0.1m*(100%),T2=0.1m*(100%)/0.06m>*(60%)/0.1m*(100%),T3=0.06m*(60%)/0.1m*(100%)/0.06m*(60%) and T4=0.06m*(60%)

Discussion
Growth performance

Treatments with constant and optimum water volumes had
highest fingerling growth performance than those whose water
volumes were fluctuated or were held at 60% volume. This is a
reflection of extent of disturbances that fluctuating water
volume or reduced water volume would cause to the fish.
Reducing water volume without reducing the number of fish
stocked automatically increases stocking density since the
available space is automatically reduced. Overstocking results
into overcrowding of fingerlings. Among the many
repercussions of overcrowding in fish is the development social
hierarchy among the fish. The social hierarchy results into
formation of dominant and subordinate individuals within the
culture system. The presence of social hierarchy leads to
disproportional consumption of feed where the subordinates are
deprived of feeding and mostly starve. The repercussion of this
social hierarchy is reflected in the retarded fish growth in the
subordinate individuals. It is therefore assumed that the retarded
growths observed in Treatments 3 and 4 (Figure 3). In the
present study where water volumes were low is as a result of
presence of a social hierarchy.

Besides the social hierarchy, higher stocking density creates
stress amongst the fish. Studies have shown that increased
plasma cortisol concentration is an indicator of stress in fish. In
their study, Barcellos et al., (1999) found that at higher stocking
densities of O. Niloticus fingerlings, the resting plasma cortisol
concentration were significantly increased, an indication of an
intense stress response resulting from social interaction. Stress
leads to reduced grown as reported by Alanara et al. (1998),
who found out that subordinate Arctic char (Salve Linus
alpines) that suffered from stress had showed reduced growth.
Reducing water volume without reducing the stocking density
leads to increased toxins concentration emanating from
breakdown of metabolites from the fish. In this study, ammonia,
a toxic substance to fish, was significantly higher in the
Treatments with fluctuating water volumes and reduced water
volumes than in the non-fluctuating ones (Table 3.1). The
higher concentration of ammonia created stress on to the fish,
affecting its feeding and effective assimilation of the feed as
portrayed by higher FCR (Table 3.1). Kuttchantran, (2013)
showed that higher ammonia concentrations lead to possible
brain malfunctioning and reduction in the oxygen carrying
capacity of the blood, reduced resistance to diseases and loss of
appetite, which results into reduced fish growth. Similar
findings were also reported by Flodmark et al. (2004) who
discovered that juvenile brown trout exposed to high stable

water level showed higher feed intake and growth than those
exposed to fluctuating or low water level.

Furthermore, a metabolic activity such as swimming also
influences the rate at which feed is utilized by fingerlings.
Fingerlings subjected to low water level are prone to experience
low metabolism because they have reduced space to wiggle
around, while high water volume increases metabolic activities
in fish, hence better feed intake leading to higher growth rate
(Ajiboye and Aremu, 2015). Similarly, fluctuating water
volumes in aquatic environments deprives the water of
optimum oxygen concentrations such that low oxygen
concentrations (hypoxia) or lack of oxygen (anoxia) are
experienced during these situations. Inadequate Dissolved
Oxygen in water can seriously stress or kill the fish (Wetzel,
2001). Studies haves shown that brain cells may start dying less
than 5 minutes after their oxygen supply disappears. As a result,
brain hypoxia can rapidly cause severe brain damage or death.
Apart from causing death, anoxic environments lead to stress
and reduced immunity.

Survival of the fish

Survival of the fish was generally high in all the treatments
(82.22% to 91.11%) and there were no significance differences
amongst the treatments, although treatments with constant
water volumes had higher survival rates than those whose water
volume was fluctuated. The absence of significance difference
in the survival of the fish is an indicator that the 60% reduction
in volume of water was not that stressful to case fish kill
although it could cause stress on other growth performances.
However, it has to be noted that extremely low volumes create
stress and results in increased concentrations of solutes,
metabolites as well as toxins which may affect the survival of
the fish. The findings on this parameter agree with those by
Ajiboye and Aremu (2015) who also reported highest survival
rate at increasing water volume.

Water quality parameters

Variations were observed in the respective setups of the
study though for Ammonia (NH3) concentration which, was
higher in T3 and T4. The higher concentration (NH3) is
attributed due to reduction in water volume, which could have
been used to dilute the metabolite and increases dissolved
oxygen concentration. Left over feed and excretes from the fish
are the major culprit sources of ammonia in this setup. As such,
although all the setups had same number of fish, they had
different water volume leading to higher concentration of
excretes in setups with low water volumes. Similar observations
of higher ammonia concentrations were reported by Hargreaves
and Craig (2004) in the managing of Ammonia
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in ponds. Hydrogen ions have toxic impact on oxygen uptake
resulting in acid stress, proteins precipitation within the
epithelial cells and acidosis of the blood (Boyd, 1990). It also
temperatures were observed during the experiential period as
this study was conducted during the slightly cold months of the
year. This affected the growth performance of fingering
observed in all treatments. Kamal et al., (2010) reported that
temperature of higher than 22° C are required to induce tilapia
reproduction. In this study growth performance of C. rendalli
was affected with a decrease in temperature of less than 22 °C,
this is similar to results by above scholar. In this study the pH
range was within the recommended range of C. rendalli growth
in all treatments. Santhosh and Singh (2007); Stevens (2009),
reported that suitable pH range of between 6.7 and 9.5 provides
adequate protection for the life of freshwater fish, therefore
outside of these range, fish suffer adverse physiological effects.

Conclusion and recommendation

This study has shown that growth performance of the
fingerlings of C. rendalli is affected by the quantity and stability
of the volume of the water in a culture facility. Optimum growth
performance is achieved when optimum water volumes are
maintained at constant level (100%). The study has also shown
that at 60% water reduction and fluctuation, fingerlings would
still survive however, their specific growth rate would be
reduced by about 57% and subsequently reducing the final
weight with 37%. It is therefore recommended that wherever
possible, optimum constant and undisrupted water volumes
should be maintained throughout the production cycle of fish to
obtain optimum growth rate which will translate into optimum
yield.
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