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ABSTRACT: Sex-reversal in Oreochromis niloticus is used to produce mono-sex males which are
desired in aquaculture for better growth performances and population control. The present study was
aimed at studying the effect of elevated fry rearing temperature on survival, sex ratios, and growth
performances of O. niloticus populations of Lakes Chamo, Koka, and Ziway. Fries from five separate
brood pairs of each population were either treated (T) in elevated fry rearing temperature of 36 + 1°C or
kept at room temperature of 24 + 1°C as control (C) groups for 10 days (phase-I) and then grown in
outdoor ponds for six months (phase-II). Survival rates in T groups (74.0 to 91.7%) were lower than that
of C groups (83.3 to 97.0%) in all the three populations in phase-I but not in phase-II. Chamo population
was better in survival rate (88.4% and 95.4% in Phase-I, and 95.4% and 95.3% in phase-II) than Koka
population (85.8% and 91.3% in Phase-I, and 93.9% and 93.5% in phase-II) and Ziway population
(80.2% and 88.6% in Phase-I and 90.2% and 91.9% in phase-II) both in T and C groups respectively. The
Chamo population also attained significantly (p<0.05) higher mean final weight of 31.58 + 6.78 g and
24.26 + 6.67 g in T and C groups respectively, followed by that of Koka population with 21.70 +5.10 g
and 18.83 * 4.16 g while Ziway population with mean final weight of 17.49 + 4.60 g and 16.81 +4.15 g
was the least both in T and C groups. The overall sex ratios in T groups were skewed towards male but
balanced in all C groups of each population. Better growth was achieved only in T groups with higher
male ratio than their corresponding C groups. The number of sensitive brooding pairs and the overall
male ratio in T groups were higher in the Koka population (40%, 61.68%) than in Ziway (20%, 56.78%)
and Chamo (20%, 56.39%) populations respectively. However, the sensitivity of sex reversal to elevated
fry rearing temperature was wide between individuals within each population than across the three
populations. Hence, sensitive individuals can be selected from the populations and their degree of
sensitivity can be improved through continuous selection of progenies from temperature-sensitive

parents.
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INTRODUCTION

Nile Tilapia (Oreochromis niloticus) is a freshwater
fish species that is cultured worldwide because of
its adaptation to a wide range of environmental
conditions, rapid growth rate, easy and rapid
propagation, and tolerance to stress in handling
(El-Sayed, 2006; Getinet GebreTsadik and Bart,
2007). The growth performance of the tilapias in
aquaculture is affected by genetics and
environment, both of which can be modified in
fish culture to improve production and
productivity. Accordingly, genetically improved
strains such as genetically improved farmed tilapia

*Author to whom correspondence should be addressed.

(GIFT) and genetically improved red tilapia have
been used in aquaculture production (Ansah et al.,
2014; Lago et al., 2016). Aquaculture business, in
general, is not yet developed in Ethiopia where the
Oreochromis niloticus species, the dominant catch in
the country's fishery production (Yared Tigabu,
2010; Gashaw Tesfaye and Wolff, 2014) are the
targeted and promising species for the sector's
development. The O. niloticus are indigenous to the
country and are found in water bodies of different
drainage basins situated in different agro-ecologies
(Tenalem Ayenew and Dagnachew Legesse, 2007;
Abebe Getahun, 2017). Chamo, Koka, and Ziway
are among the major Rift Valley lakes known for
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their fishery production (Abebe Getahun, 2017).
The O. niloticus from these lakes have been
evaluated for their growth performances in pond
culture (Kassaye Balkew and Gjoen, 2012; Daba
Tugie et al. 2017) and indicated as potential
populations for further genetic improvement. The
establishment of improved core strains of O.
niloticus populations is, therefore, required for
aquaculture development in the country.

The sex of the fish has also effects on growth
performance in O. niloticus culture. Mixed-sex
culture of the species in the ponds often produces
undesired offspring, which increases fish numbers
beyond the recommended density and creates
stressful conditions by competing for the limited
resources such as feed, oxygen, and space in the
pond (Diana and Lin, 2004). The uncontrolled
multiplication of fish in mixed-sex culture results
in a stunted fish population of poor market value
(Hepher and Pruginin, 1981; Coleman, 2001).
Moreover, males grow faster than their female
counterparts (Macintosh and Little, 1995; Megerssa
Endebu et al., 2016) in tilapia culture that mono-sex
male populations of the species are desired in
aquaculture to improve production and
productivity.

Sex reversal is one of the mechanisms used to
produce male mono-sex in O. niloticus production.
Sex reversal of the O. niloticus in aquaculture can
be achieved in a variety of ways such as through
hormonal treatment or elevated fry rearing
temperature at the early swimming stage of the
fish. O. nmniloticus displays a genetic sex-
determination system (XX-female, XY-male) where
exposure to high temperatures (above 32°C to
36.5°C) during a thermo-sensitive period (10 to 30
days post-fertilization), induces masculinization
(Baroiller et al., 1995; Hendry et al., 2002; Misikire
Tessema et al., 2006; Angienda et al., 2010; Nivelle
et al., 2019). Proportion of males in the O. niloticus
population increases with increasing fry rearing
temperature up to 36°C, a temperature beyond
which the number of males does not increase
(Abucay et al. 1999; Baroiller and D’Cotta, 2001;
Angienda et al. 2010; Misikire Tessema et al., 2006;
Khater et al., 2017).

Sensitivity of the O. niloticus to temperature
treatment depends on genetics. In, the evaluation
of the effects of rearing temperatures on O.
niloticus populations, Misikire Tessema et al. (2006)
observed significant differences in degree and
range of responses to a high temperature between

populations and breeding pairs within the
population. Angienda et al., (2010) indicated that
the sex reversal efficiency of heat treatment in
tilapia is affected by autosomal genes; whereby
tilapia with a genetic marker called Abur36
achieved higher sex reversal efficiency up to 95%
male.

The aquaculture activity in Ethiopia mainly
involves pond culture of O. niloticus which has
been challenged by poor fish growth performance
because of a number of problems among which
over population due to unwanted recruitment is
one of the factors (Megerssa Endebu et al., 2016) In
order to alleviate the overpopulation problem of
O. niloticus in pond culture, predatory control of
the unwanted recruitment by introducing
predatory fish such as Clarias gariepinus has been
practiced in Ethiopia (Megerssa Endebu ef al.,
2016). Efficiency of the predatory control method,
the availability of predator fish are some of the
problems related to predatory control of unwanted
population in mixed sex culture.

Growth rate of female O. niloticus was also
reported to be slower than their male counterpart
whereby the mean weight of female O. niloticus at
harvest was half of its male batches in mixed-sex
population grown in pond culture practiced in
Ethiopia (Megerssa Endebu et al., 2016).

Use of male mono-sex is practiced in commercial
production of O. niloticus worldwide but not
practiced in Ethiopia. Tilapia sex-reversal using
androgen hormone (Methyl testosterone) has been
used by commercial producers of tilapia in many
Asian countries, but hormone treatment in fish
rises human health and environment concerns that
it is not recommended in fish production (Mlalila
et al., 2015). Sex reversal of O. niloticus by using
elevated fry rearing temperature is acceptable but
the responses of different O. niloticus populations
to the heat treatment were not evaluated.

Therefore, the aim of the current experiment was
to evaluate survival rate, growth rate, and sex ratio
of Oreochromis mniloticus populations of Chamo,
Koka, and Ziway Lakes after treating them in
elevated fry rearing temperature.
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MATERIALS AND METHODS

Sources of the Oreochromis niloticus populations

The parental stocks of three different Oreochromis
niloticus populations were collected from lakes of
Chamo, Koka, and Ziway and brought to Batu Fish

and Other Aquatic Life Research Center,
quarantined and kept as separate populations in
outdoor concrete ponds for two to four months
earlier to the commence of the experiment. The
source lakes are located in separate drainage
basins and had different water qualities (Table 1).

Table 1. Water quality parameter values (mean *SE) at Lakes Chamo, Koka, Ziway and Ground water used in

experimental ponds at Batu.

Water quality parameters Chamo Koka Ziway Experimental
ponds

Temperature (°C) 28.09 + 1412 22.77 £1.20¢ 24.24 +2.23b 248+3.1

Secchi depth (cm) 22.73 +5.852 13.05 + 5.49¢ 14.19 £ 2.15> 27.44 +4.80

pH 9.21+0.432 8.26 +0.36¢ 8.54 + 0.46° 89+05

Conductivity (uS/cm) 1,622.26 +193.932 395.07 +208.93¢ 516.50 + 51.26P 2,262.5 +431.7

Salinity (ppt) 0.826 + 0.062 0.19+0.11¢ 0.25 +0.03v 14+0.2

TDS (mg/L) 1,179.52 + 118.412 268.45 +149.38¢ 350 + 37.19° 1,993.2+3274

SRP-P(ug/L) 79.05 +18.722 72.48 +£40.192 38.67 + 8.62° -

NO-3-N (ug /L) 11.11 +7.09 613.43 +910.732 51.91 + 53.18> -

abe values with different superscript are statistically different at 0.05 level of significance.

SRP = soluble reactive phosphorus; TDS = total

dissolved solids. (Seasonal data of two years; May 2018 to April 2020 for the three lakes and monthly data of 6 months for experimental

months)

Progenies of the three O. niloticus populations
were evaluated for their survival, sex ratio and
growth rate responses to elevated fry rearing
temperature at 36°C for 10 days starting from the
first swimming. This temperature was reported to
result in higher sex reversal efficiency with
minimal mortality rate (Angienda et al. 2010). The
responses were also evaluated in the growth
period of the fish after the treatment. The current
experiment was conducted at Batu Fish and Other
Aquatic Life Research Center, located in Central
Ethiopian Rift Valley, for about three years, from
Nov 2017 to Oct 2020. The Batu Research Center is
found near Lake Ziway at 7°56' N latitude, 38° 43'
E longitude, and an altitude of about 1640 m.a.s.l.

Fry production

Generations of similar age groups were
produced in the concrete ponds at the research
center from each of the Chamo, Koka and Ziway
O. niloticus populations under similar pond
condition. They were grown to sexual maturity
and similar sizes of sexually mature male and
female broods of these generations after age of one
year were taken from each of the three populations
and kept separately in ponds for conditioning

before commencing the experiment. The broods
were fed on pellets supplemented with 25-30%
crude protein during this conditioning period.

Hapa nets of 1 mm mesh size and volume of 1
m?3 were suspended in outdoor concrete ponds of
each 5 m? sizes and used for fry production. The
hapa nets in ponds were changed when clogged by
algae and the dirt cleaned by washing for reuse.
Five hapa nets were allocated for each of the three
O. niloticus populations’ spawning pairs. Five
males and five females were selected from the
conditioned brood fishes of each population and
pairs of one male and one female of the selected
individuals were put into each of the hapa nets to
spawn. The males were mouth clipped by cutting
the wupper lip wusing sharp scissors while
anesthetised in 0.1 ml/L clove oil solution and
treating the wound with iodine before pairing, to
reduce their aggressiveness toward their female
partners. Each pair of the broods was checked
every three days for the release of fry in the hapa
nets. The breeding pairs were replaced with other
pairs in case of mortality or inability to spawn in a
month after pairing.

The water used in these experimental ponds was
pumped from a shallow well with known water



350

Megerssa Endebu et al.

quality; water temperature of 24.8 £ 3.1°C, pH 89
0.5; conductivity 2,262.5 = 431.7 ps/cm; TDS
1,993.2 + 3274 mg/L and salinity 1.4 £ 0.2 ppt
(Table 1). The produced tilapia fry in hapa nets
from the breeding pairs were then transferred to
experiment unit in Lab at age of first swimming
date.

Temperature treatment and some management
aspect of the fry (phase-I)

The O. niloticus progenies from each breeding
pair of the three populations (Chamo, Koka, and
Ziway) produced in the outdoor hapa nets were
collected at age of first swimming date, transferred
to plastic water tankers of 500L capacity in lab. The
water tankers were prepared as treatment unit
having thermostat heater fixed and control units
without heater. Additionally, a tanker of
temperature acclimatizing unit with thermostat
heaters fixed were used to introduce and exit the
fish to and from treatment unit.

The elevated fry rearing temperature adjusted to
a fixed temperature of 36 + 1°C was used as a
treatment unit for the treatment groups in order to
induce masculinisation (Angienda ef al, 2010;
Abou El-Fotoh et al., 2014). In the treatment,
constant elevated water temperature was
maintained by the use of thermostat water heaters
(Themowatt  type R-T-M  15A/T105/250V
adjustable functional temperature with maximum
temperature of 80°C), aerator pumps (110-
130V/60HZ 6.0W with 3.0 L/minute pumping
capacity), and Aquarium thermometer (analogue
thermometer with temperature range 0 - 40 °C and
accuracy + 1 °C, Mowtom brand). The elevated
temperature was allowed to stabilize for three to
five days before introducing the fry into the
treatment.

Two groups of sixty to one hundred fry each
from each of the breeding pairs were randomly
taken at age of their first day of swimming and
assigned into treatment and control groups. The
treatment groups were first put into temperature
acclimatizing unit in lab for one day where the
water temperature raises gradually from room
temperature of about 24°C to 36°C before
transferring to treatment unit. The fry were then
transferred into treatment unit for masculinisation
experiment under elevated fry rearing temperature
for 10 treatment days. The control groups were
directly put into the control unit having water at

room temperature for a stay of similar period in
lab. Fry of each pair were kept separate in
perforated but screen-covered plastic bottles of
five-litre capacity for 10 experimental days. The
plastic bottles were arranged in the thermostat
bath treatment unit randomly.

Temperature was monitored three times a day
(morning at 8:00 - 8:30, Afternoon 2:30-3:00 pm
and evening at 7:30-8:00 pm) using digital
thermometer of SX723 pH/mV/Cond meter, Xi'an
China. Feeding the juveniles of both the treatment
and control groups was commenced with filtered
zooplanktons consisting of copepods and rotifers
collected from fertilized outdoor ponds. During
the elevated fry rearing temperature treatments,
the fries were observed daily and deaths were
recorded when occurred. After 10 days of the
elevated fry rearing temperature treatment, the
fries were transferred to the temperature
acclimatizing unit in lab where the thermostats of
the heating unit was switched off and the unit was
allowed to cool down slowly to room temperature
of 24°C, normally at about one day. The final
numbers of the fries in each container were
recorded before transfer to outdoor ponds.

In the control groups, the corresponding fry
from each breeding pairs were kept in tanks with
similar management with the treatment group.
The water temperature in the control groups was
24 + 1°C. Aeration, feeding, treatment duration
and other managements were similar with that of
the treatment groups.

Growth of the fry in outdoor ponds (phase-I1)

After the end of the treatment in lab, the
temperature acclimatized fries of both treatment
and control groups of each population and siblings
were counted and separately taken to the outdoor
concrete ponds where they were grown to size of
sexual differentiation. The fries were acclimatized
to the pond water for five to ten minutes during
the transfer by gradually mixing the pond water
into the containers carrying the fries before
releasing the fries into the suspended hapa within
the ponds. In these outdoor concrete ponds, the
siblings in treatment groups and their
corresponding control groups were arranged in
two separate blocks, treatment and control blocks.
In each block, fry from different parents were
placed in hapa nets with random arrangement.
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The concrete ponds were fertilized with poultry
manure for its higher nutrient content that the
water harbored phyto- and zooplankton
(copepods, rotifers and few daphnia) which were
used as live feeds for the fingerlings. The
fingerlings were also supplemented with a feed
prepared from mixture of wheat bran (50%) and
noug cake (50%) at an estimated 40% of their body
weight daily in powder form and gradually
decreased to 5% body weight daily from the 2nd
month onwards (Daba Tugie et al., 2017). Finally,
the fish were sexed at 180 days when it was easy to
identify their sexes by visual observation to their
genital papilla.

DATA COLLECTION AND ANALYSIS

Survival rates

Survival rates of the progenies were calculated
based on the numbers of fish that survived up to
the end of the experiment period and expressed as
percentages of the initial numbers stocked (Putri et
al., 2020). The survival rates in this experiment
were calculated at two stages, phase I and phase IL
Phase-I was the survival rate during the first 10
days in the laboratory experiments both for
treatment and control groups while phase-II was
the survival rate in outdoor ponds during the 180
days of growth period. Similar method and time of
data collection were employed to the treatment
groups and their corresponding control groups.

No -- Nt

No

Where: SR = Survival (%)
No = Number of fish at the start of the experiment
Nt = Number of fish dead during the experiment

SR = X 100%

The survival rates were presented in table 2 for
each of the progenies in treatment group (36°C/10
day) and the control group for both phase-I (10
days) and phase-II (180 days) for each of the
populations. The differences between mean
survival rates for treatment groups and control
groups as well as the mean for the three
populations were analyzed using independent-
samples T test and one-way ANOVA, respectively
at a 0.05 significance level in IBM SPSS statistical
package, version 20.0.

Growth rate

Progenies with similar stocking densities (503
fish/pond) in each population were selectively
considered for growth performance evaluation
among the progenies in the experimental ponds
(phase-II). At monthly intervals, up to 6 months
post-heat treatment, statistical samples of
fingerlings were drawn from the ponds for weight
measurements used for determination of growth
rate of the populations. The progenies' monthly
growth rates of the three O. niloticus populations in
terms of mean weight (g) were presented in graph
under treatment and control groups (Fig 1). The
mean final weights (g) of the progenies in each
population were analyzed and compared using
independent-samples T test for the treatment and
control groups. The mean final weights of the
progenies across the populations under treatment
and control groups were analyzed using one-way-
ANOVA. The mean differences were separated at
0.05 level of significance, LSD Post Hoc Multiple
Comparison in SPSS statistical package. The
fingerlings drawn at 180 days post heat treatment
were also used for sexing.

Sex ratios

Sexing was done by observing into their genital
papilla. The numbers of males and females of each
group were recorded for each population both for
the treatment and the control groups. Sex ratios
were calculated as proportions of the numbers of
male individuals per group. Deviation from 1:1 sex
ratio in all the treated and control groups were
analyzed by using chi-square test for each of the
population.

RESULTS

Survival rates

The survival rates of the O. niloticus progenies
during the first 10 days of lab experiment (phase-I)
and during the growth period in outdoor
experimental ponds for 180 days (phase-1I) were
presented in Table 2. In phase-], the survival rate
of the progenies of the treatment group ranged
from 81.6%, 78.3% and 74.0% to a maximum of
91.7%, 90.0% and 86.7% in Chamo, Koka and
Ziway populations, respectively. Similarly, the
survival rate of the progenies in the control group
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ranged from a minimum of 93.3%, 85.0% and
83.3% to a maximum of 97.0%, 98.3% and 91.7% in
Chamo, Koka and Ziway populations, respectively
(Table 4).

Mean survival rates of the O. niloticus
populations in the laboratory (phase-1) during the
treatment phase were given in Table 2. The mean
survival rates of the progenies in treatment groups
were significantly lower than the mean survival
rates in control groups for all the three
populations. Comparing the survival rates among
the three O. niloticus populations progenies under
treatment groups, the mean survival rates of the
Chamo population (8838 + 4.12%) was
significantly (p < 0.05) higher than that of the
Ziway population (80.20 * 4.95%), while the
survival rate for Koka population (85.78 + 4.91%)
was not statistically different (p > 0.05) from the
values of the two populations. Similarly, in the
control groups, the mean survival rate of Chamo

population (95.40 = 1.50%) was significantly higher
than that of the Ziway populations (88.6 + 3.16%),
while the survival rate for Koka population (91.32
+ 5.32%) was not statistically different (p > 0.05)
from the values of the two populations. Mean
survival rates of the O. niloticus populations in
outdoor experimental ponds (phase-II) during the
180 days growth period were also presented in
Table 2. It was found that the mean survival rates
of the progenies of treatment groups were not
statistically different from the mean survival rates
of their corresponding control groups for all the
three O. niloticus populations. When the progenies
mean survival rates were compared, the values
were not statistically different among the
populations both for the control groups and the
treated groups, except that the mean survival rate
of Ziway population (90.18 + 6.60%) was
significantly lower than that of Chamo population
(95.38 £1.17%) in the treatment group.

Table 2. Survival rates (Mean + SD) of the progenies of the three O. niloticus populations in phase-I and phase-II
under treatment and control groups

Treatment Mean survival rate (%) in phase-I

Chamo Koka Ziway
Treated 88.38 £4.12b¢ 8578 £4.91c  80.20 £4.954
Control 9540 £1.500  91.32+5.32ab  88.60 £ 3.16b¢
Treatment Mean survival rate (%) in phase-II

Chamo Koka Ziway
Treated 9538 £1.170  93.94+£3.91ab  90.18 + 6.60°
Control 95.32£2.632  93.52 +4.05>> 91.86 + 2.65%P

abesignificantly different mean survival rates (%) at 0.05 level of significance

Growth performance

The growth performance of progenies of O.
niloticus populations treated in elevated fry rearing
temperature and their corresponding control
groups was presented in Fig.l. Of the totally
fifteen progenies in the current sex reversal
experiment, progenies which were produced at the
same batch and having nearly similar densities
were considered in the growth performance
evaluation (Ch5, K2 and Z2 in Table 4). The

average fry weight at their first month in ponds
was 1.17 g with insignificant differences among
treatment and control groups and across the
populations. But, average weight of the
fry/fingerling started to segregate gradually
between the populations, with the Chamo
population attaining better weight than Koka and
Ziway both in treatment (Fig.la) and control
(Fig.1b) groups.
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Figure 1. Growth performance of O. niloticus populations in phase-II, treated (a) and control (b) (n = 52, 47, 50, 55, 52, 50 for Ch-
T, K-T, Z-T, Ch-C, K-C, Z-C respectively at month 6).

The mean final weight of the O. niloticus
progenies after six months of growth was
significantly different between treatment and
control groups in Chamo and Koka populations,
but not significant in Ziway population (Table 3).
However, the treatment groups had higher male
ratios in Chamo (63.46%) and Koka (65.96%)

populations. The final mean weight of male O.
niloticus was higher than their female counterparts
in all the progenies. As a result, the mean weight
of the treated groups was higher than that of their
corresponding control groups only when the sex
ratio was skewed towards males as observed in
Chamo and Koka populations.

Table 3. Final weight (mean * SD g) of treatment and control groups of O. niloticus populations of Chamo, Koka

and Ziway.
Treatment —Mean weight (g) of O. niloticus populations
Chamo Koka Ziway
Treated 3158 +6.78 21.70+510c 17.49 +4.60de
n 52 47 50
Control 2426+ 6.67° 1883 +4.16¢ 16.81 +4.15¢
n 55 52 50

abede significantly different mean weights (g) at 0.05 level of significance
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Sex ratios

The proportions of male O. niloticus individuals
varied among treatment and control groups (Table
4). The sex ratio presented as "% male" ranged
from 49.06% to 64.29% in the treatment groups,
while it ranged from 47.27% to 53.70% in the
control groups of Chamo population. Among five
independent siblings obtained from different
breeding pairs of Chamo population, only one
sibling, the Ch1l, resulted in a significantly higher
(p<0.05) proportion of males than females (Table
4). The overall sex ratio of the treated siblings
group of Chamo (Chl-Ch5) was significantly
skewed towards males (p<0.05). However, the sex
ratio of their corresponding siblings in the control
group and the overall total sex ratio in the control
group did not significantly (p> 0.05) deviate from
1:1 (Table 4).

In the case of O. niloticus population from Koka,
the sex ratio presented as "% male" ranged from
53.09% to 76.92% in the treatment group with the
overall 61.68% male, while it ranged from 46.17%
to 57.45% in the control group with the overall
total sex ratio of 50.52% (Table 4). Among five
independent siblings obtained from different
breeding pairs of Koka population, two treated
groups of siblings, the K2 and K4, resulted in a

significantly higher (p<0.05) proportion of male
individuals (Table 4). The cumulative sex ratios of
the treated group of Koka population (K1-K5)
were significantly (p<0.001) skewed towards
males, while the sex ratios of their corresponding
siblings under the control group and the overall
total sex ratio of the control group did not
significantly (p>0.05) deviate from 1:1 (Table 4).

The sex ratio of O. niloticus population of Ziway
in five different sibling groups ranged from 44.00%
to 78.69% in the treatment groups with an overall
ratio of 56.78% males, while it ranged from 46.81%
to 54.00% in the control groups with overall sex
ratios of 49.35% (Table 4). Among five
independent siblings obtained from different
brood pairs of Ziway population, only one siblings
group, the Z1, resulted in a significantly higher
(p<0.05) proportion of male individuals (Table 4).
The cumulative sex ratio of the treatment group of
Ziway population (Z1-Z5, 56.78%M) was also
significantly (p<0.05) skewed towards the male,
while the sex ratios of their corresponding siblings
under control group and overall total sex ratio of
the control group did not significantly (p>0.05)
deviate from 1:1 (Table 4). The interaction effect of
population and heat treatment on sex-ratio was not
significant.

Table 4. Effects of higher fry rearing temperature on survival and progeny sex ratios of O. niloticus populations of

Lakes Chamo, Koka and Ziway.

Treatment group (36°C) Control group
Spawn Survival (%) Sexed male Survival (%) Sexed male (%) x2
10 days 180 days (No.) (%) 10 days 180 days (No.)

Chl 88.0 95.5 84 64.29v 97.0 93.8 91 51.65 0.099
Ch2 89.0 96.6 86 51.16 95.0 91.6 87 48.28 0.103
Ch3 91.7 96.4 53 49.06 96.7 98.3 57 50.88 0.018
Ch4 81.6 93.9 46 5217 93.3 96.4 54 53.7 0.296
Ch5 91.6 94.5 52 63.46 95.0 96.5 55 47.27 0.164
Overall 88.4 95.4 321 56.39a 95.4 95.3 344 50.29 0.012
K1 89.0 91.0 81 53.09 85.0 96.5 82 48.78 0.049
K2 88.3 88.7 47 65.962 90.0 96.3 52 46.15 0.308
K3 78.3 95.7 45 62.22 88.3 88.7 47 57.45 1.043
K4 90.0 96.3 52 76.92¢ 98.3 96.6 57 52.63 0.158
K5 83.3 98.0 49 55.1 95.0 89.5 51 49.02 0.020
Overall 85.8 93.9 274 61.68¢ 91.3 93.5 289 50.52 0.031
Z1 74.0 82.4 61 78.69¢ 89.0 93.3 83 48.19 0.108
z2 76.7 96.2 50 48.84 90.0 92.6 50 54.00 0.320
Z3 82.0 95.1 78 53.85 89.0 92.1 82 48.78 0.049
Z4 76.7 93.5 43 44.00 83.3 94.0 47 46.81 0.191
z5 81.6 83.7 41 53.66 91.7 87.3 48 50.00 0.000
Overall 80.2 90.2 273 56.78a 88.6 91.9 310 49.35 0.052
Grand 84.8 93.2 91.8 93.6

Note: Chl - Ch5 = progenies of Chamo population, K1 - K5 = progenies of Koka population, Z1 - Z5 = progenies of Ziway population, n =
number of individuals included in statistical analysis and y?> = Chi-square test value for deviation of sex ratios of control from 1:1; “b<sex ratio of

treatment group significantly different from 1:1 (P<0.05, 0.01, 0.001).
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DISCUSSION

Based on the results obtained in the present study,
rearing fry produced from three O. niloticus
populations at 36 £ 1°C for the duration of 10 days
decreased the survival rates of all the treatment
groups but not affected the survival rate during
the growth phase after the treatment in all the
three populations. Though the difference between
the treatment temperature (36 + 1°C) and the
temperature in the populations' natural
environment was relatively higher for Koka (14°C)
and Ziway (12°C) as compared to that of Chamo
(8°C) to affect the survival rate, the experimental
fish from the three populations in the current
study were grown in similar environments and
exposed to the experiment similarly. Optimum
rearing temperature range for O. niloticus is 27-
32°C (Drummond et al., 2009; Samuel Bekele et al.,
2019). Increasing water temperature beyond the
optimum range is a stressful condition which may
induce mortality. The elevated fry rearing
temperature of 36°C decreased the survival rate of
the fish in treated group in the present study.
Similar temperature effect on survival rate was
also reported by Khater et al. (2017). Though
different between treated and control groups, the
survival rates in the current study were within
ranges reported in earlier studies (Khater et al.,
2017; Nivelle et al., 2019). Effect of population on
survival rate was observed both in treatment
groups and control groups, whereby the Chamo
population performed better in survival rate,
followed by Koka population while Ziway
population was the least. The Chamo tilapia were
vigor in size at egg and fry stages as compared to
Koka tilapia, while the fry of Ziway tilapia were
very small in size and prone to death easily in
handling during this experiment; which perhaps
resulted in lower survival rate. Moreover, the three
O. niloticus populations have shown different
phenotypic and reproductive characters in their
respective natural environments (Megerssa
Endebu et al., 2021a; 2021b), suggesting potential
genetic differences among the populations. Both
genetics and environment affect early fry survival
rate in Nile tilapia (Yonas Fessehaye et al., 2007)
which influenced the survival rates of the
populations differently in the current study.
Growth rate and mean final weight of the O.
niloticus differed among the populations in the
present study, both in control and treated groups

with Chamo population performing better than
Koka and Ziway. Growth rate of an organism is
affected both by environmental and genetic factors
(De Verdal et al., 2018). The environmental factors
were kept similar for all the O. niloticus progenies
under the present study, except the deliberately
adjusted temperature differences between the
treated and control groups in their early age.
Hence, the differences in growth rates between the
progenies of the O. niloticus populations were
more likely due to genetic effect. Feed conversion
rate and growth rate in juvenile tilapia is
determined by genetics (De Verdal ef al.,, 2018).
Similar growth differences were also observed for
the O. niloticus populations of Ethiopian Rift Valley
in pond experiments (Kassaye Balkew and Gjoen,
2012; Daba Tugie et al. 2017). However, the
differences in growth rate and final mean weight
between treated and control groups within a
population were observed only when the sex ratios
were different between the groups. The weight
differences were attributed to differences in sex
ratios induced by the elevated fry rearing
temperature treatment, for which progenies with
similar sex ratio had similar growth rate in a
population, regardless of temperature treatments.
The progenies with higher proportions of male
individuals achieved faster growth rate and
attained higher mean final weight than those with
balanced sex ratios, in spite of the fact that the
males grow faster than females in O. niloticus
populations  (Macintosh and  Little, 1995;
Chakraborty and Banerjee, 2010; Megerssa Endebu
et al., 2016).

The overall sex ratios of the O. niloticus in the
present study were skewed toward males for the
heat-treated groups in all the three populations
(Chamo, Koka and Ziway) while the ratio was
balanced in all the control groups of each
population. However, the response in sex reversal
after exposure to elevated fry rearing temperature
varied among individuals, breeding pairs within
each population and also across the populations.
The proportion of males in the responded groups
also varied suggesting differences in the degree of
sensitivity among individuals within each
population. The number of breeding pairs whose
progenies were sex-reversed and the overall male
ratio in the treated groups was higher in Koka O.
niloticus population than in Ziway and Chamo
populations; the higher response in the population
with the higher temperature difference between
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treatment and their natural environment. Different
O. niloticus populations can show significant
differences in the degree and range of responses to
elevated temperature treatments (Misikire
Tessema et al., 2006). The differences in sensitivity
of the O. niloticus progenies within the populations
suggest the responsiveness variability among
individuals (Angienda ef al., 2010).

CONCLUSIONS

Progenies of three O. niloticus populations of
Chamo, Koka and Ziway responded to elevated
fry rearing temperatures differently in terms of
survival rate and growth performance. Survival
rate was affected both by population and the
elevated fry rearing temperature treatment. The
elevated fry rearing temperature decreased the
in all the three O.
populations. Chamo population attained a higher

survival rate niloticus
fry survival rate than Koka and Ziway both in
The

performance of the O. niloticus progenies was

treated and control groups. growth
affected by population whereby the Chamo
population followed by Koka attained better size
at final harvest. Elevated fry rearing temperature
influences growth rate only when the sex ratio is
altered in a population. Elevated fry rearing
temperature induces a shift in sex ratios toward
the male in O. niloticus populations of Lakes
Chamo, Koka and Ziway. However, variation in
sex reversal sensitivity was wide between
individuals within each population than across the
three populations. This indicates that elevated fry
rearing temperature reduces survival rate in all
populations and alter sex ratio in sensitive
individuals regardless of their population origin
while the fish growth rate is affected by its
population origin.

Therefore, sensitive individuals to heat
treatment in sex-reversal should be selected from
the Chamo population as this population has
higher survival and growth rate in pond culture.
The degree of sensitivity of the selected
individuals should also be improved through
consequent breeding of sensitive parents, followed
by selection in order to achieve higher male
percentage required in aquaculture development
of Ethiopia.
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