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Abstract

The study was conducted to assess the growth and
reproductive performance of O. shiranus fed on unfermented
maize bran (UMB) (control), fermented maize bran (FMB)
and floating pellets (CFP) under intermittent harvesting (IM)
regime. Fish were reared for a period of 126 days, while daily
intermittent harvesting of juveniles started after 54 days of
stocking. In experiment II, the broodstock fed on the CFP
recorded a higher final weight (148.24+16.04g), followed by
broodstock fed on UMB (93.46+9.95¢g) and 89.16+7.86 g from
broodstock fed on FMB. The highest number of juveniles ~
85724495 were harvested from broodstock fed on CFP diet
and = 2157+183 from broodstock fed on UMB, whereas
broodstock fed on FMB reported ~ 1717+12. In experiment I,
the final weight of broodstock was not significantly different
(P= 0.811) Single batch harvest (SB)(control) and IM.
Number of Juveniles produced by broodstock under SB did
not differ significantly (P =0.308) from intermittent harvest
(IM). This suggests that the use of CFP under IM would
produce better results as evidenced by the highest final weight
and high number of juveniles above all treatments. IM is not
better off than SB, as broodstock’s growth and reproductive
were not affected by harvesting regimes.

Keywords: floating pellets, fermented maize bran, fish traps,
intermittent harvest, Oreochromis shiranus and single batch
harvest.

Introduction

Harvesting strategy is an important element of mixed-sex
tilapia farming and is often overlooked. Based on number of
times the fish are harvested during each production season, the
harvesting strategies can be categorized either as: single batch
harvest or intermittent harvest (Brummett, 2002). In single
batch harvest, all the fish in the pond are harvested once,
usually at the end of culture season, of = 6-7 months of rearing
(Sen and Janssen, 1989). Noting that, somatic growth and
survival rates are density-dependent, single-batch harvesting
can lead to intra-breeding and production of genetically, close
related fry creating competitive pressures. These factors lower
individual fish growth rates and increase mortalities due to
overcrowding and accumulation of recessive traits (Kam, Yu,
Leung and Bienfang, 2008). Intermittent harvest strategy, on
the other hand, involves regular harvesting of fish at an
interval followed by a complete or incomplete batch harvest at
the end of production cycle (Sen and Janssen, 1989). In
contrast to single-batch harvesting strategy, an intermittent
harvesting regime enhances individual fish somatic growth
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rates, individual relative fecundities, and production (Kam et
al., 2008).

Mono sex (‘all male’) tilapia is one of the advocate fish
seed, which has peaked up well in globefish framing.
However, the availability of mono sex “all-male” tilapia in
developing countries such as Malawi is still a challenge. As
such, most farmers in Malawi practice mixed-sex culture
system of tilapias in varied facilities (Jamu and Ayinla, 2003).
The major challenge of tilapia mixed- sex culture is the high
level of unrestricted breeding in grow-out ponds, which
translates to high competition for limited resources between
fish and stunted growth, which negatively affect an overall
yield (Saiti, Jamu, Chisala and Kambewa, 2007). Studies have
been carried out to investigate ways of improving these
conditions through the use of predatory fish and intermittent
harvest of broodstock, in order to increase living space and
availability of other limited resources for the fish left in the
pond (Lin, Shrestha, Yi and Diana, 2001; Brummett, 2002;
Biswas, Morita, Yoshikazi, Maita and Takeuchi, 2005; Yu and
Leung, 2006; Sulem, Tchantchou and Nguefack, 2006).
Brummett (2002) found that intermittent harvest of O.
shiranus juveniles (<30g) increased yield more than
intermittent harvest of broodstock (30g>) and fry (<5g).
However, it has been reported that O. shiranus can breed at
small sizes of 8g and 20g, and thus likely to jeopardize growth
and reproductive performance of the initial broodstock
through competition for limited resources (Maluwa, 1990;
Saiti et al., 2007; Ludoviko and Kang’ombe, 2012). Despite
this, no study has been focused on intermittent harvesting of
O. shiranus juveniles before they reach spawning phase in the
effort to provide more conducive environment for continuing
with somatic growth and spawning of broodstock.

To date, high-cost fish feeds still remain main reasons
limiting the expansion of fish farming in Malawi (Rurangwa
and Kabagambe, 2018). This forcing fish farmer to opt for
animal manures and cheaper feed materials to reduce
production cost (Mataka and Kang’ombe, 2007).
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Consequently, attention is now being focused on wiser use of
the cheaper resources of both animal and plant origins
available on the farm (Chikafumbwa, Costa-Pierce, Jamu,
Kadongola and Balarin, 1993). However, fish feed from plant
origins such as maize bran and rice bran are noted for high
fiber content, which is a major problem for their efficiency in
fish nutrition (Musa, Aura, Ngugi and Kundu, 2012).
However, the fiber content of these agro-by- products can be
reduced through fermentation process (Debi, Wichert and
Liesegang, 2019), thus increasing their efficiency as fish
feeds. However, the potential use of fermented maize bran as
an improved feed in aquaculture has not yet been explored in
many developing countries including Malawi.

Therefore, this study was carried out to find out whether
particular diet and daily intermittent harvesting of >5 g O.
shiranus juveniles could be useful to improve growth and
reproductive performance of initial broodstock in grow-out
ponds. Concurrently, alleviating challenges faced by
aquaculture sector by ensuring continuous fish availability to
the community, thereby overcoming malnutrition and income
challenges faced by severely food insecure population. To
achieve these the study had two experimental set up. In
experimental set up I, focused on growth and reproductive
performance of O. shiranus under single batch harvest and
intermittent harvest regimes. Whereas, experimental set up II,
focused on growth and reproductive performance of O.
shiranus fed on diverse diets under intermittent gravest regime

Material and methods
Study Area

The study was carried out in Zomba district, southern
region of Malawi, Domasi area at National Aquaculture
Centre (NAC) for a period of 126 days during February
through July, 2022 (Figure 2.1).
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Figure 2.1 Map of Zomba depicting National Aquaculture Centre (NAC).

Pond preparation

A month before stocking, ponds were prepared by being
drained and exposed to sunlight. Weeds at the bottom and
around the dike were removed; water inlet, outlet as well as
the ditches and screens were cleaned. Ponds were applied with
agricultural lime (CaCOs) at the rate of 300 g /m? to improve
pond’s pH and eliminate pathogens (Nagoli ef al., 2020). Five
days before stocking, ponds were fertilized with chicken
manure at 200 g/m? to improve pond’s primary production
(Nagoli et al., 2020). Later, chicken manure was applied bi-
weekly using tea bag method (filled sacks hanged on the edges
of the ponds) at a rate of 25 kg/ pond, to improve primary
production in accordance to Ngugi, James and Bethuel (2007).

Broodstock collection, conditioning and stocking

A total of 2400 O. shiranus broodstock of initial average
weight of 64.14+£0.47 g was collected from Chikhwawa,
Blantyre, Zomba, Machinga, and Mzuzu. Broodstock were
mixed upon arrival at the station in the tanks and were stocked
randomly, and acclimatized for one week in experimental
ponds before commencement of the study. During this time
fish were observed for diseases and parasites. Broodstock
were randomly stocked at a rate of 1 fish/m? (1 male:2
female) totaling 200 fish per pond.

Study design and layout

Experimental set up I:

Growth rate of O. shiranus broodstock and number of
juveniles produced from O. shiranus broodstock cultured
under single batch harvest and intermittent harvest
regimes

The experiment employed Completely Randomized
Design (CRD), where six (6) earthen ponds; each measuring
200m?> were used. The experiment had two treatments
designated as TO (single batch harvest) control and T1
(intermittent harvest) and were replicated thrice. A total of two
(2) baited wire meshed traps were used to harvest juveniles on
daily basis in T1.

Feeds and Feeding

Fish were fed on unfermented maize bran twice a day i.e.,
9:00 (am) and 14:00 (pm). The fish were fed ad libitum by
weighing the feed before and after feeding. Feed was checked
in 15 minutes after feeding to see if all of it was consumed by
the fish in all ponds.

Intermittent harvest of Juveniles

Two traps were placed in experimental pond in daily, 54
days after stocking broodstock and after observing the growth
of first Juveniles that they were at least 5g. The traps set out in
the morning, approximately one hour before the fish fed.
Maize bran was used as bait to attract the fish into the traps.
After two hours, the traps were removed from the pond to
collect the harvested fish. The trap was made from wire mesh
and shaped like a cylinder. Two additional wire mesh pieces
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shaped like a cone were attached at both ends. The diameter of
the narrower end is kept smaller to allow only small fish to
enter the trap. To lure them in, bait was placed inside. A piece
of a net holds the bait. A string was fixed to the trap so that
can easily sink and retrieve the trap easy.

Fish data collection

Juveniles were harvested on daily basis (T1) and data on
total quantity (n) and weight (g) were recorded. During each
harvest, 20 % of total juveniles were sampled and their
individual weight, total length and standard length were
measured and recorded. Initial weight and final body weights,
and survival rate of broodstock fish data were computed from
all treatments and all data entered in Microsoft® Excel.

Experimental set up 1I

Growth rate of O. shiranus broodstock and number of
juveniles produced from O. shiranus broodstock fed on
diverse diets under intermittent harvesting regime

The experiment employed Completely Randomized
Design (CRD), where nine (9) earthen ponds; each measuring
200 m? were used. The experiment had three treatments
designated as T1 (O. shiranus fed on unfermented maize bran
and intermittent harvest) as a control, T2 (O. shiranus fed on
fermented maize bran and intermittent harvest) and T3 (O.
shiranus fed on floating pellets and intermittent harvest) and
were replicated thrice. Two traps were placed in each pond
daily, 54 days after stocking broodstock and after observing
the growth of first Juveniles that they were at least 5g.

Intermittent harvest of juveniles

Harvesting of juveniles was carried out using two sized
meshed wire fish traps deployed in each experimental pond.
The traps were set in the early morning, approximately one
hour prior to feeding. Bait materials including maize bran.
Fermented maize bran and floating pellets were selected based
on the primary feed used in each respective experimental
pond. These baits were used to attract fish into the trap as
explained in experiment 1. After two hours, the traps were
retrieved and capture fish were collected for assessments.

Feeds and feeding

Unfermented maize bran, floating pellets and fermented
maize bran were used as feed throughout the study period.
Unfermented maize bran and molasses used for fermentation
process were collected locally from Lusibilo, Lilongwe, and
Illovo Sugar Africa, Nchalo, Malawi respectively.
Commercial floating feed and Effective Microorganisms used
for fermentation process were imported from Novatek
Limited, Zambia and Germany respectively. To avoid
overfeeding, feeding trays were fixed in all ponds where fish
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were fed on unfermented maize bran and fermented maize.
The fish were fed ad libitum by weighing the feed before and
after feeding. Feed was checked in 15 minutes after feeding to
see if all of it was consumed by the fish in all ponds.
Thereafter feed was adjusted by 10% or maintained depending
on the amount feed fish consumed. Fish were fed twice a day
(9:00 am and 14:00 pm). During feeding, fish fed on floating
pellets display more active and aggressive feeding behaviour
at the water surface compared to those fed on unfermented
maize bran and fermented maize bran. Fish fed on floating
pellets quickly gathered at feeding times, exhibiting strong
feed acceptance and competitive interactions. In contrast, fish
fed on unfermented and fermented maize bran showed slower
feed response and reduced surface activity, likely due to lower
palatability and feed availability near water surface.

Preparation of fermented maize bran

The fermentation process involved two steps; First step
was the formulation of a liquid compound of activated
effective microorganism (EM-A), which involved the mixing
of 1.0 L of molasses from sugarcane and 1.0 L of effective
microorganism (EM-1), into 28 L of warm water. The
compound was kept in a 30 L tight closed canister, for a
period of seven (7) days under anoxic condition and at 25°C to
induce activation process (TNAU Agritech Portal, 2008). In
the second step, every 1.0 L of activated solution (EM-A)
prepared in first step was added to every 19 L of water in a 20
L bucket, and a 40 cm stirring rod was used to speed up the
mixing process. The prepared solution was mixed with every
20 kgs of maize bran in 150 L drum, until the drum got filled;
hence the ratio of prepared solution to maize bran was 1:1. A
1.0 m stirring rod was used in the mixing process to make sure
that the maize bran and prepared solution were mixed properly
in the drum. Then the compound product was covered with the
plastics paper at the top and the drum was closed tightly with
plastic lid, to prevent the entry of oxygen and to speed up the
anaerobic process. The process took approximately twenty-
one (21) days under anoxic condition and at 30°C (TNAU
Agritech Portal, 2008). Hence, the whole fermentation process
took approximately four weeks (28 days) to be completed. The
pH paper was used in both steps to check if the activated
effective microorganism (EM-A) and fermented maize bran
were ready to be used as activator and feed respectively after 7
days and 21 days respectively. The product was deemed ready
for use once registered a pH of below 4.0. after a specific
period of time. The whole process took 28 days

Proximate analysis of the feed

Proximate analyses of the feed for the experiment were
carried out at the Malawi Biaural of Stannard Laboratory
following the procedures that broadly adhere to Association of
Official Analytical Chemists (1990). The protocol was used to
analyze moisture, crude protein, crude lipids and ash.
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Table 2.1 Proximate chemical composition of experimental diets
Parameters (%) Unfermented maize bran | Fermented maize bran Floating pellets
Moisture content 11.5+0.21 6.1+0.01 9.6+0.05
Crude protein 8.4+0.04 6.1+0.04 32.0+0.03
Crude lipids 7.9+0.25 3.4+0.02 12.1+0.24
Ash 3.6+0.01 9.2+0.23 6.7£0.03

Fish data collection

Juveniles were harvested on daily basis in all treatments
(T1, T2 and T3) and data on total number (n) and weight (g)
were measured and recorded. A total of 20 % juveniles were
sampled per harvest and their individual weight, total length
and standard length were measured using an electronic
weighing balance and measuring board respectively. Initial
weight and final body weights, and survival rate of broodstock

fish 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 parameters
such as specific growth rate, weight gain, percentage increase
in weight, feed conversion ratio and total and average weight
of fish harvested at the end of the study period were calculated
using the following formulae (Stickney, 1994) in both
experiments (I and II)

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)] (3)
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) = 5 cl t:‘ri‘zgg (days) ght (g)) = 100 )
(initial number of fish — final number of fish) (6)
Survival rate (%) = — -
initial number of fish

Productivity/yield (kgs /hectare of O. shiranus was calculated (Menezes, Hisshamunda, Lovshin and Marton, 2017) as:

harvested fish weight (kg) ] (7)
G vield (kgs.ha~t.y~t) = 365 days ) = ti day
ross yie {gs e ) ( unit area (hectares) * ars me (days)
harvested fish weight (kg) — initial fish weight (kg) 8
Net yield (kgs. ha=t.y~') = ! 9T 59 ! 5= 5 365 n’n_j‘s] = time (days) ®
unit area (hectares’)

Condition factor of Juveniles (Nash et al., 2006)

W
K= I._!

©)

Whereby K is a condition factor, W is weight (cm) and L is standard length (cm)

Assessing number of juveniles produced from O. shiranus
broodstock fed on diverse diets.

The total number of juveniles harvested intermittently and
harvested at the end of the experimental period (final harvest)
in both experiments were recorded. In the experiment I, the
overall total number of Juveniles harvested in T1 was
compared with the overall total number of Juveniles harvested

in TO. In experiment II, the overall number of Juveniles
harvested in T1 was compared with the overall number of
Juveniles harvested in T2, and T3.

Measurement of the water quality

In both experiment (I and II) water quality parameters;
temperature, dissolved oxygen, pH, turbidity , un-ionized

5 | Journal of Aquaculture, Marine Biology & Ecology, Volume 2025, Issue 02



Growth and Reproductive Performance of Oreochromis Shiranus (Boulenger 1896)
Broodstock Fed on Diverse Diets Under Intermittent Harvesting Regime

ammonia (NH3), ionized ammonia (NH4"), nitrites (NO,) and
nitrate (NOs3’) were measured throughout the experimental
period to establish the water quality of the ponds in both
experiments. Dissolved oxygen, temperature, and pH were
measured twice daily before feeding. Dissolved oxygen was
measured at 05:00 hrs and 14:00 hrs, while temperature and
pH were measured at 09:00 hrs and 14:00 hrs using HydroLite
(HL103) oxygen meter and HydroLite (HydroTest101-pH) pH
meter respectively. Labelled (500 ml) plastic sampling water
bottles were used to collect water samples in ponds bi-weekly
to measure: Un-ionized ammonia (NH3), ionized ammonia
(NH4"), Total Nitrogen (TN), nitrites (NO,) and nitrate (NO3").
Indophenole Blue method was used for the detection of un-
ionized ammonia (NH3), ionized ammonia (NH4"), whereas
(N-(1-Naphthyl)-ethylendiamine method was used for
determination of nitrites (NO;) and Zinc Reduction / NED
method was used for detection of nitrate (NO3") all results
were recorded in mg/L. Water transparency, was measured
using Secchi disk depth and results were recorded in
centimeters (cm).

Data analysis

Statistical package IBM SPSS (ver. 25) was used in
analysis of data and Microsoft Excel (2019) for Windows was
utilized to create graphs in both experiments.

Experiment I: independent sample t Test was used at 5%
probability level, to determine whether significant difference
existed between final weight, weight gain, specific weight
gain, apparent feed conversion ratio, yields and number of
juveniles harvested, condition factor and water quality

Copyright: ©
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parameters between single batch harvest (T0) and intermittent
harvest (T1) regime.

Experiment II: 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
between final weight, weight gain, specific weight gain,
apparent feed conversion ratio, yields and number of juveniles
harvested, condition factor and water quality parameters.
When significant differences were found among treatments,
Turkey test was used to test differences between treatment
means.

Results

Experiment I: Growth rate of O. shiranus broodstock
cultured under single batch and intermittent harvest
regimes.

The growth performance and survival rates of O. shiranus
under single batch harvest and intermittent harvest are shown
in Table 3.1. The findings revealed that there was no
significant difference (P>0.811) for the final mean weight,
specific growth rate, apparent feed conversion ratio, survival
rate and yields between O. shiranus broodstock under single
batch harvest and O. shiranus broodstock under intermittent
harvest regime. This suggests that intermittent harvest cab be
adopted without negatively affecting growth performance and
survival, offering flexibility in in harvesting schedules,
without compromising productivity.

Table 3.1 Specific growth rate, yields and survival rate of O. shiranus broodstock under single batch harvest and intermittent harvest

regimes.

Parameters Single batch harvest Intermittent harvest p-value
Initial weight (g) 64.14+0.47 64.14+0.47 0.794
Final weight (g) 98.35+11.73 93.46+9.95 0.811
Weight gain (g) 34.21£11.73 29.3249.95 0.811
Average weight gain/ day (g, d'") 0.27+0.09 0.2340.07 0.811
% Increase in mean weight 53.33+18.29 45.71£15.52 0.811
Specific growth rate (%, d™!) 0.31+0.10 0.28+0.08 0.811
Feed conversion ratio 4.97+0.82 5.57+£0.44 0.553
Gross yield (kg/ha/yr) 3940+0.13 3450+0.04 0.287
Net yield (kg/ha/yr) 2170+0.13 1820+0.05 0.327
Survival rate (%) 76.65+9.89 83.38+3.09 0.578

Number of juveniles produced from O. shiranus
broodstock cultured under single batch harvest and
intermittent harvest regimes.

recruit’s condition factor between broodstock under single
batch harvest and intermittent harvesting regime Table 3.2.
This indicates that intermittent harvesting can be implemented
without negatively affecting reproduction output or quality of
The results unveiled that number of juveniles produce did juveniles.

not differ significantly (P>0.308), and as well as (P>0.945) for
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Table 3.2 Number, yield and condition factor of O. shiranus Juveniles harvested throughout the experimental period from broodstock
under single batch harvest and intermittent harvest regimes.

Parameters Single batch harvest Intermittent harvest p-value
Number of Juveniles (n) 2201.33£215 2157+183 0.308
Yield (kg/haly) 1252.88+50.92° 848.77+3.56" 0.014
Condition factor 3.00+0.61 2.98+0.26 0.945

*Means (+SE) in the same rows with different superscripts are significant differences P < 0.05.

Experimental II: Growth rate of O. shiranus broodstock
fed on diverse diets under intermittent harvesting regime.

Results on growth parameters, specific growth rate,
apparent feed conversion ratio, yields and survival rates of O.
shiranus broodstock fed on different diets are shown in Table
3.3. The findings revealed that there was a significant
difference (P<0.05) for final mean weight, specific growth
rate, apparent feed conversion ratio and yields between
broodstock fed on unfermented maize bran and broodstock
fish fed on fermented maize bran from broodstock fed on
floating pellets. Furthermore, the findings unveiled that there

was a significant difference (P<0.05) for gross and net yields
between fish fed on fermented maize bran and fish fed on
unfermented maize bran. It was found that broodstock fed on
floating pellets gave significantly high final mean weight,
specific growth rate, yields and better apparent feed
conversion ratio than broodstock fed on unfermented maize
bran and broodstock fed on fermented maize bran (Table 3.3).
This means to improved broodstock performance and
maximize production efficiency nutritionally balanced floating
pellets should be prioritized over low-cost traditional feeds
such as maize bran.

Table 3.3 Specific growth rate, yields and survival rate of O. shiranus broodstock fed on diverse diets under intermittent harvest

regime.
Unfermented Fermented Floating pellets p-value

Parameters Maize bran Maize bran

Initial weight (g) 64.14+0.47 64.14+0.47 64.14+0.47 0.972
Final weight (g) 93.46+9.95 89.16+7.86 148.24+16.04° 0.002
Weight gain (g) 29.32+9.95 25.02+7.86 84.10+16.04° 0.002
AWG / day (g, d) 0.23+0.07 0.20+0.06 0.67+0.13 0.002
% IMW 45.71+15.52 39.01+12.25 131.12+25.01° 0.002
SGR (%, d-1) 0.28+0.08 0.25£0.07 0.64+0.09° 0.003
FCR 5.57+0.442 11.58+0.90°¢ 2.52+0.45 0.003
GY (kg/ha/yr) 3450+0.04° 2590+0.02° 5390+0.19¢ 0.001
Net yield (kg/ha/yr) 1820+0.05% 720+0.02° 3530+0.19¢ 0.001
Survival rate (%) 83.38+3.09 84.00+3.87 73.77+£5.14 0.165

*Means (£SE) in the same rows with different superscripts are significant differences (P < 0.05)
TAWD (Average weight gain); IMW (increase mean weight); SGR (Specific growth rate); FCR (Feed conversion

(Gross yield)

ratio) and GY

Number of juveniles produced from O. shiranus broodstock fed on diverse diets under intermittent harvesting regime

There was a significant difference (P<0.05) for the average number of Juveniles, and yield harvested for the whole experiment and

harvested on daily basis

among the treatments (Table 3.4). This suggest that the type of feed not only affect overall production but

also influences the consistency of daily harvests of juveniles, as broodstock fed on floating pellets outperform broodstock fed on

maize bran.
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Table 3.4 Number, yield condition factor of O. shiranus Juveniles harvested throughout the experiment, and on daily basis from
broodstock fed diverse diets under intermittent harvest regime.

Parameters Unfermented Fermented Floating pellets p-value
Maize bran maize bran

ANIJ (n) 2157+1832 1717+123b 8572+495¢ 0.001

Yield (Kg/ha/yr) 848.77+3.56* 534.46+1.59° 4162.74+6.94° 0.001

ANJ/day (n) per 4412 1£1° 1542° 0.001

ABJ (g) per day 19+332 3.67+2.33b 118+15¢ 0.000

Condition factor 3.00+0.61 2.93 +0.63 3.47+0.36 0.760

*Means (+SE) in the same rows with different superscripts are significant difference (P < 0.05)
TANIJ (Average number of juvenile); ABJ (Average biomass of juveniles)

On average quantities of juveniles harvested during
intermittent period among the treatments, the results indicated
that, juveniles from broodstock fish fed on floating pellets
differ statistically (P<0.05) from juveniles from broodstock
fed on unfermented maize bran and juveniles from broodstock
fed on fermented maize bran. The results also indicated that
average quantity juveniles from broodstock fed on
unfermented maize bran significantly differed (P<0.05) from

broodstock fed on fermented maize bran. The average
quantities of juveniles were found to be higher in broodstock
fish fed on floating pellets (1065+133), while broodstock fish
fed on fermented maize bran supported the lower average
quantity of 58+28 (Figure 3.1). This indicates that floating
pellets substantially enhance reproduction performance under
intermittent harvest regime than maize bran. This makes
floating pellets more effective feed choice.

1400
1200
1000
800
600
400

Average quantity (n)

200

0

(Intermittent harvest)

Unfermented maize bran Fermented maize bran

(Intermittent harvest)

Treatments

Commercial floating
pellets (Intermittent
harvest)

Figure 3.1 Average number (n) of Juveniles harvested during the intermittent harvesting period from O. shiranus broodstock fed on

diverse diets.

Data on the average biomass weight of O. shiranus
Juveniles from broodstock fed on different diets under
intermittent harvest (Figure 3.2), revealed that, number of
Juveniles from broodstock fish fed on floating pellets were
differ significantly (P<0.05) from Juveniles from broodstock
fish fed on unfermented maize bran and Juveniles from
broodstock fed on fermented maize bran. Furthermore,

Juveniles from broodstock fed on unfermented maize was
significant different (P<0.05) from broodstock fed on
fermented maize bran. The average biomass weight of
Juveniles was found to be higher in broodstock fish fed on
floating pellets (8154+ 114.96 g). This means feeding
broodstock with floating pellets improves juveniles biomass
and growth compared to maize bran diets.
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Figure 3.2 Average batch weight (g) of Juveniles harvested during intermittent harvesting period from O. shiranus broodstock fed on
diverse diets.

(NH4"), nitrate (NO5"), nitrites (NO>), and transparency among
the treatments (Table 3.5). This means feed has negative
impact on water quality parameters as floating pellets reported
high levels of ammonia and high turbidity compare to maize
bran diets (experiment II). In experiment I, single batch
harvested increases the production of ammonia levels compare
with intermittent harvest.

Water quality parameter collected during the study.

The mean water quality parameters except morning DO,
were within the recommended thresholds for O. shiranus
growth and reproduction. However, the results revealed that,
there was a significant difference (P<0.05) for dissolved
oxygen (DO), un-ionized ammonia (NH3), ionized ammonia

Table 3.5 Water quality parameters collected during the study of growth and reproductive performance of O. shiranus fed on diverse
diets under intermittent harvesting regime

Parameters Maize bran (SB) Unfermented maize Fermented maize Floating
bran (IM) bran (IM) pellets (IM)
DO (am) 0.6520.04¢ 0.61+0.04* 0.54+0.01? 1.01+0.03Y
DO (pm) 5.43£0.06° 5.50+0.05* 5.5540.06* 7.36+0.10°
Temperature (am) 24.45+0.00° 24.49+0.03% 24.46+0.03* 24.45+0.04°
Temperature (pm) 27.84+0.07¢ 2786+0.02* 27.90+0.05* 27.83+£0.06°
pH 7.28-7.56 7.17-7.65 7.03-7.50 7.07-7.49
NHs(mg/1) 0.14+0.01¢ 0.09+0.00* 0.15+0.01° 0.16+0.01°
NH4 (mg/1) 0.15+0.01¢ 0.09+0.01%* 0.17+0.00° 0.18+0.01°
NOs (mg/l) 0.47+0.07¢ 0.26+0.05* 0.49+0.01% 0.55+0.08°
NOy (mg/l) 0.14+0.01° 0.14+0.01% 0.1140.00° 0.14+0.01?
Transparency(cm) 34.78+£3.36°¢ 48.0.9+4.61%* 42.44+6.79° 21.98+1.78°

*Means (+SE) in the same rows with different superscripts are significant differences (P< 0.05)
1 DO: Dissolved Oxygen, NHj;: Un-ionized ammonia, NH4": Ionized ammonia, NOs: Nitrate, NO: Nitrites, SB: Single Batch, IM:
Intermittent Harvest
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Discussion

Experiment I: Growth rate of O. shiranus broodstock
cultured under single batch and intermittent harvest
regimes.

In this study, final weight of broodstock under single batch
harvest was not statistically different from broodstock under
intermittent harvest. This is differed from the views of Saiti et
al. (2007) who stated that intermittent harvest has the
advantage of increasing fish growth rates by reducing
competition of limited resources such as feed and oxygen.
This indicates that there was no competition at all for the
limited resources for fish under single-batch harvest. This
suggests that there was at least a slight segregation of feeding
niches between adults, fingerings and juveniles’ fish. There
was an ontogenetic change in diet among the fish of different
age groups, which lead to segregation of feeding niches
(Brummett, 2000). Ayoade, Fagade and Adebisi (2008), also
noted that juvenile tilapia mainly feed on zooplankton and
insect larvae and some phytoplankton, of which diatoms is the
major dietary component (Worie and Getahun, 2015;
Temesgen, 2017), whereas fry mainly consume on rotifers
(Robotham, 1990). Similarly, Bowen (1984) found that, other
tilapias of diverse ages and sexes can eat similar foods, but
occupy different niches to minimize intergenerational
competition.

This study revealed that the interment harvest helped only
to spread the harvest throughout the farming season, but not
improving growth performance of broodstock. This is similar
to results by Brummett and Noble (1995) and Saiti et al.
(2007) who reported that intermittent harvest just helps to
spread the overall harvest during the production season. The
current study also suggests that the growth performance of
broodstock under intermittent harvesting could have been
affected by the daily harvesting activities, due to associated
stress and related factors e.g., during harvesting of juveniles.
This can be explained in accordance to Anh Anh, Hoa,
Stappen and Sorgeloos (2010) who found that intermittent
harvest of Artemia biomass, conducted every 3 days, results in
a higher yield or better performance than daily harvesting. The
study also suggests that at the time of harvest the ponds had
not reached, their maximum carrying capacities. This may also
explain why the interment harvest strategy was not effective
enough for this set up, to outperform the single batch harvest
in terms of growth performance of the O. shiranus broodstock.

The gross yield of fish under single batch harvest and
intermittent harvest regime were much higher compared to the
gross yield of 2.91+1.375 tons/ha/yr reported by Kapute et al.
(2016) and 731 kg/al/yr to 1587 kg/ha/yr reported by
Chikafumbwa et al. (1993). The results of this study, suggests
that O. shiranus were able to reproduce more juveniles
compared with previous studies and did not necessarily
perform better on growth rates. These differences could be
attributed to differences in sex ratio (1 male :2 female) used in
this study, which seems to improve the number of juveniles
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produced per female, whereby other studies used 1 male:1
female sex ratio. This is coherent with findings of Siddiqui
and Al-Harbi (1997) who reported that a male: female sex
ratio of 1:2 gave the best result with respect to quantity of
fingerlings per female than higher female ratios or equal sex
ratios in majority of Oreochromis species.

Experiment I: Number of juveniles produced from O.
shiranus broodstock cultured under single batch harvest
and intermittent harvest regimes.

There was no significant difference in reproductive
performance between single batch harvest and intermittent
harvest regimes. This suggest that intermittent harvest
approach of Juveniles does not enhances reproduction
performance of tilapias broodstock. This might be due to
ponds not reached maximum carrying capacities to impend
relative individual fecundity of O. shiranus broodstock. Yu
and Leung (2006), Brummett (2002) and Saiti et al. (2007)
suggested that in the absence of density-dependent growth and
reproductive performance, intermittent harvest wound not
outperform single-batch harvesting of aquatic organisms.

Experimental II Growth rate of O. shiranus broodstock fed
on diverse diets under intermittent harvesting regime.

Broodstock fed on floating pellets recorded significantly
high growth rates than broodstock fed on unfermented maize
bran or fermented maize bran. These findings are similar to
those of Abou-Zied (2015) and El-Gendy (2017) who reported
that fish fed on floating pellets grew significantly faster than
fish fed on sinking feed. This might be due to high and well-
balanced nutrients, vitamin content, improved digestibility and
palatability as well as availability of the feed close to the water
surface. Bhujel (2013) also found that the high-quality feed
increases ingestion, improves digestion and acceptability
resulting in faster growth rate and improved reproductive
performance. Similarly, Craig and Helfrich (2002) reported
that floating pellets are usually more palatable than sinking
feed. For many fish species, including tilapias, floatability is
required since they tend to feed near to the water surface. The
higher gross yield of fish fed on floating pellets recorded in
this study, was related with high nutrition values of the feed.
Siddiqui, Al-Hafedh and Ali (2008) reported that yield of fish
per unit area is depends largely on the nutrition quality of the
given feed. The finding of this study is in coherent with the
findings of Ansah (2014) who reported that the use of floating
pellets feed improves fish yield with 100% compared to the
sinking feed type.

The poor growth performance of broodstock fish fed on
unfermented maize bran recorded in this study maybe due to
poor nutritional value of unfermented maize bran and its
unavailability near to the water surface, where the tilapias
mostly feed. Furthermore, fish found difficulties in accepting,
digesting and palatizing unfermented maize. The study
revealed that O. shiranus do not accept the unfermented maize
bran and only about few is adequately utilized. Similarly,
Imonikebe and Kperegbeyi (2014); Nayak et al. (2017) found
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that tilapias and other fish species have low capacity to handle
cellulose, hemicellulose and lignin containing feed. Mwangi,
Maina and Gachuiri (2017) reported that, nutritional values of
maize bran are at the lower side in the range of nutritional
value requirements for fish growth and reproductive. Hence,
the wasted (unavailable unfermented maize bran) and poor
nutritional values may have resulted to the lower weight gain
and lower specific growth rate recorded in this study. The
weight gain obtained in this study was much lower compared
to those found by Kapute ef al. (2016) under pond a system.
This might be due to season difference, i.e., the current study
was conducted close to winter season, whereby the
physiological activities of the fish were affected by low
temperatures. This also explains the gross yield recorded in
this study.

The poor growth performance observed in broodstock fish
fed on fermented maize bran differ with the views of Hong,
Lee and Kim (2004) who reported that, fermented products
improve acceptability, digestibility and palatability and
nutritional value. Pinandoyo, Hutabarat, Darmanto, Radjasa
and Herawati (2019) found that properly fermented Lemna
minor improved growth performance of tilapias. The poor
growth performance observed in this study may be due to poor
nutrition content (crude protein 6.1%) of the feed as well as
unavailability of feed at the water surface due to improper
fermentation process i.e., high-water content of the fermented
products, which affected the fish’s ability to grab enough feed
augmented by the poorer nutrition values of the product. This
also explains the lower gross yield obtained from fish fed on
fermented maize bran, compared with gross yield of fish fed
on floating pellets and unfermented maize bran. This differs
with the finding of Najoan, Wolayan, Bagau and Sompie
(2017) who recorded higher crude protein content in
fermented rice bran than in unfermented rice bran. For
comparison, the gross yield obtained from fish fed on
fermented maize was higher than the gross yield reported by
Chikafumbwa et al. (1993). These discrepancies could be
attributed to the stocking density, sex ratio and nutrients
content of the feed used in previous study.

Survival rates

In this study, the survival rates of O. shiranus were not
affected by the feed diets and harvesting regimes. However,
the survival rates may have been influenced by high level of
predation, which occurred through the experimental period
due to otters, birds and Clarias gariepinus. Otters attacked
heavily in the months of May and July, while birds occurred
throughout the production season. C. gariepinus fed mainly on
juveniles and fry. Ali, Stead and Houlihan (2006) found that
low survival rates occurred at the peak of winter season and
persisted for a month in summer, likely coinciding with the
breeding seasons of the predators. Survival rates recorded in
this study were lower compared to those reported by Mataka
and Kang’ombe (2007) under pond condition.

2025 Lyson Nakhwala*

Apparent Feed conversion ratio

Apparent feed conversion ratio was significantly different
between O. shiranus fed on floating pellets and O. shiranus
fed on unfermented maize and fermented maize bran. This
can be attributed to taste properties of the feed, which have
high stimulating implication on feed intake and growth
(Kasumyan, 1997). High quality feeds meet all the nutritional
requirements and have a high level of acceptability,
palatability and digestibility by fish (Eriegha, 2017).
Although, it is difficult to determine the acceptance to taste or
agreement with flavour, it very feasible to verify deviations in
the amount of feed consumed by fish (Forestel and LoLordo,
2003).

The difference in apparent feed conversion ratio obtained
in all treatments was also attributed to the late mortalities,
temperature, and production season, self-recruited species (C.
gariepinus and B. paludinosus paludinouss) and frogs. Phiri,
Wales, Kapute and Jere (2018) found that over-estimation of
feeds rates due underestimation of fish mortality can result in
apparently higher feed conversion ratio. In this study it was
observed that fish decrease in feed uptake during the month of
June and July, which was accompanied with decline in water
temperature (< 20°C). This can be explained by Mjoun,
Rosentrater and Brown (2010) who observed a decline in
growth rate at temperature below 20°C with little or no growth
registered at temperature below 15 °C. It was also observed
that there was a reduction in feed intake by broodstock fish
during breeding season; this may be due to mouthbrooding
nature of the females and changes in reproduction hormones.
This is can be explained by Grone, Carpenter, Lee, Maruska
and Fernald (2012) who reported that maternal mouthbrooding
of cichlid fish is associated with reduced food intake, which in
turn affect body mass. Furthermore, Fletcher (1984), reported
that reproduction hormones such as androgen and estrogen
may indirectly or directly induce or suppress appetite by
inducing the alteration in levels of various plasma nutrients. C.
gariepinus and B. paludinosus and frogs were also observed
compete for the same feed that were given to targeted fish
throughout the study.

Number of juveniles produced from O. shiranus
broodstock fed on dirvese diets under intermittent
harvesting regime

Broodstock fed on floating pellets produced a higher
quantity recruit than broodstock fed on unfermented maize
bran. This similar with findings of Siddiqui et al. (2008)
whole reported that high and well-balanced protein, vitamins
and minerals diets usually increases total weight eggs/ female,
and number of eggs produced by female. Suloma, Tahoun and
Mabrok (2017) also reported the best reproductive
performance of female tilapia brood-stock fed on diets
supplemented with vitamins while the lowest values were
recorded for the feed without vitamin. Vitamin’s content of
broodstock diet is necessary for the synthesis of collagen
during embryo development and also improve the survival of
embryo (Kumar, Gupta, Vikas and Sharma, 2018).
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Furthermore, vitamin requirement is important during gonadal
maturation and spawning, for embryo and larval development
due to its important role in bone development, retina
formation and differentiation of immune cells (Kumar et al.,
2018). This suggest that the best reproductive performance
revealed in broodstock fish fed on floating pellets in this study
was because of the high and well-balanced levels of nutrients,
vitamins and minerals of the floating pellets. Similarly,
Migaud et al. (2013) reported that the broodstock diets, that
contain all essential nutrients requirement for fishes are highly
recommended for the development of the embryo, improves
egg morphology and hatching rates.

Watanabe and Vassallo-Aginus (2003) reported that, low
protein diets have been shown increase maturation time and
reducing reproduction performance, oocytes maturation and
ovulation, number and quality of eggs produced. Similarly,
this study revealed that broodstock fish fed on unfermented
maize bran and fed on fermented maize bran produces a
smaller number of juveniles. Kumar et al. (2018) reported that
poor reproductive performance could be as a result of either
nutrient imbalance on the body systems or the restriction in
the availability of a biochemical component for egg formation.
This explains why broodstock feed on unfermented maize
bran and fed on fermented maize bran supported poor
reproductive performance, due to lower crude protein values
of (6.1 CP) and (8.4 CP) respectively. Hence, the study
suggested that, the spawning cycle was interrupted due to low
feed crude protein values recorded. These results are similar
with the finding of Gunasekera and Lam (1997) who reported
that brooders fed on 20 and 35% protein levels maintained
their spawning cycle, whereas at 10% spawning intervals were
prolonged after about 4 months of feeding. Furthermore,
brooders fed on 20 and 35% protein diets produced a higher
number of juveniles than those fed on10%.

The number of juveniles obtained in the current study was
also affected by the presence of C. gariepinus, B. paludinosus,
otters, birds and alligators. Otters and birds had a direct impact
on the quantity of juveniles by predating on the brooders, and
on non-consumptive impacts. Creel and Chritianson (2008)
reported that brooders' reproduction success is often impaired
as a result of changes in foraging behavior and restricted
access to energy in non-consumptive situations. This
suggested that predators induced brooder’s physiological
stress and brooders produces higher levels of stress hormones
in response to stress, which in turn suppresses digestion,
growth and reproduction (Hawlena and Schmitz 2010). These
results are similar to the finding of Mukherjee, Heithaus,
Trexler, Ray-Mukherjee and Vaudo (2014) who found that
Gambusia holbrooki subjected to predators generated 43%
fewer progeny than free individuals (control group). This
might be due to lack of energy required to maintain
reproduction process in the presence of predators and also lack
of parental protection, which exposed juveniles and fry to high
predation.

In this study, the condition factors (k) of all juveniles in all
treatments were above one. The higher condition factor (k >
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0.1) the improved physiological state of the juveniles, and the
lower condition factor (k < 1.0) the worse physiological state
of juveniles (Ogunji, Toor, Schulz and Kloas, 2008). This
suggests that, recruit’s physiological state was not negatively
affected by different feed diets and harvesting strategy.

Water quality parameters collected during the study

The quality of water plays an important role in the
physiology of fish, and should be kept within the recommend
range for good growth and reproduction of cultured fish
(Martinez-Palacio, Tova, Taylor, Duran and Ross, 2002). O.
shiranus is a warm-water fish with preferred temperatures
range of between 24 to 32° C (Moyo and Rapatsa, 2021). The
growth rate decreases quickly at temperature below 20°C with
poor growth recorded at temperature below 15° C (Mjoun et
al., 2010). Breeding usually occurs at temperatures above
22°C (Mjoun et al., 2010). Kamal, Kurt and Michael (2010)
reported that temperature of higher than 22° C are required to
induce tilapia reproduction. In this study growth and
reproductive performance of O. shiranus broodstock were
affected with a decrease in temperature of less than 20 ° C
especially between the months of May and July, this is similar
to results by above scholars. The average temperature
recorded in this study was within range of those reported by
(Bahnasawy, Abdel-Baky and Abd-Allah, 2003); Mataka and
Kang’ombe (2007) and Kassam and Sangazi (2016).

Dissolved oxygen levels recorded during afternoon in this
study were within the acceptable range of inducing tilapia
growth and reproductive performance, which was above 5
mg/l. This similar to findings of Chapman (1992); Mataka and
Kang’ombe (2007); Bhatnagar and Singh (2010) Chirwa ef al.
(2019) in earthen ponds; Gupta, Haque and Khan (2012) cage
systems and Setiadi, Widyatsuti and Prihadi (2018) in
aquaponics systems. Ekubo and Abowei (2011) reported that
if tilapias are subjected to dissolved oxygen levels of less than
0.3 mg/l for an extended period of time, they are likely to die.
In the present study, the early morning dissolve oxygen was
above 0.3 mg/l. The low oxygen levels observed during
morning hours maybe due to high biochemical oxygen
demand during night, high competition among the fish and
low nutrient inputs in all ponds. However, the levels of
dissolved oxygen were improved with sun rises and
temperature.

Hargreaves and Tucker (2004) reported that an average
threshold toxicity levels of un-ionized ammonia for
Oreochromis species is below 0.5 mg/L, while Bhatnagar and
Singh (2010) ammonia values of below 0.2 mg/I are suggested
for Oreochromis species ponds. Joel and Amajuoyi (2010)
reported that 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. Based on these
scholars, the ammonia levels in this current study were within
the recommended levels for O. shiranus farming. However,
the ammonia levels obtained in this current study were high
compared to the findings of Makori, Abuom, Kapiyo, Anyona
and Dida (2017) who found an ammonia level of ranged from
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0.01 mg/l to 0.09 mg/l. The increase in values of un-ionized
ammonia (NH3") observed in this study maybe due to the
buildup of uneaten fish feed and excretes from fish. The
higher un-ionized ammonia (NH3") value obtained in ponds
with fish fed on floating pellets may be clarified according to
Brunty, Bluclin, Davis, Baird and Nordstedt (1997) who
observed that un-ionized ammonia (NH3") levels increased as
fed crude protein increases, since the nitrogen element of feed
increases as protein levels increases.

It was also revealed that, a slight decline of un-ionized
ammonia (NH3") values were followed by an increase in
ionized ammonia (NH4") and nitrate (NO3), this suggests that
conversion of un-ionized ammonia (NH3") to nitrate (NO3")
through nitrification process occurred much more intensive,
this is similar to results by Effendi, Widyatmoko, Utomo and
Pratiwi (2020). Ionized ammonia (NH4"), nitrites (NO3) and
nitrate (NO3") are absorbed by aquatic plants (Liu, Sung, Chen
and Lai, 2014). In this study, some aquatic plants both
emerged, and submerged were observed in all ponds. This
suggests that the low nitrogen levels recorded was due to the
present of these aquatic plants. Bhatnagar and Devi (2013)
found that ammonia of > 0.1 mg/L tends to cause poor growth
and reduced disorder resistance. The ammonia levels recorded
in this study were within the acceptable levels of ammonia
found by Mataka and Kang’ombe (2007), which ranged 0.16+
0.02 mg/1 - 0.21% 0.04 mg/1.

The transparency recorded in this study was affected by
feeding methods and nutrients content of the feed. The best
transparency was observed in ponds with fish fed on floating
pellets, this may be associated with the feeding practices
(broadcasting method) and nature of the feed. The particles of
uneaten feed, which were raised in a flux during scrambling
for feed were observed remain suspended along the edges of
the ponds. Bhatnagar et al. (2004) as cited in Bhatnagar and
Devi (2013) reported that, transparency of more than 0.3 m its
good for fish healthy; 0.15 to 0.4 m is good for high fish
stocking density and < 0.12 m causes low fish production.
This explains an improvement of fish production observed
from ponds with fish fed on floating pellets, which reported a
transparency level of 21 cm.

Conclusion

The study revealed that harvesting regimes have no any
impact on both growth and reproductive performance of O.
shiranus broodstock. This may be due to the stocking densities
have not reached maximum carrying capacity to the extent of
impeding growth and reproductive performance of O. shiranus
broodstock. Furthermore, the study revealed that, diets have a
significant impact on growth and reproductive performance of
O. shiranus under intermittent harvest. Broodstock fed on
floating pellet showed an improvement in both growth and
reproductive performance, compared with fish broodstock fed
on unfermented maize bran and broodstock fish fed on
unfermented maize bran. However, it was noted that floating
pellets, fermented maize and single batch harvest had an
impact on some of the selected water quality parameters such
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as un-ionized ammonia, nitrate, and nitrite dissolved oxygen
and turbidity levels. The study encouraged food insecure
farmers to prioritize the use of nutritionally balanced diets to
enhance growth broodstock and reproduction performance.
Implementing intermittent harvest can facilitate fish
availability, thereby improving household access to fish
protein throughout the production season.

Limitations of the study

Although feed was provided ad libitum, variability in
actual feed intake among experimental ponds could not be
precisely measured, as self-recruited species such as frogs, C.
gariepinus and B. paludinosus were also observed consuming
the same feed. This potentially reducing feed availability for
the target fish. Predation by otters, birds and these self-
recruited species likely affected growth, survival and juvenile
reproduction, introducing uncontrolled variability. The study
duration of 126 days was insufficient to fully capture the
growth and reproduction cycle, particularly as it did not align
with the peak breeding season. Additionally, the study was
conducted in cold season, this affected metabolic and
reproduction performance, reducing the applicability of the
results to optimal condition.
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