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Abstract

This study estimated the survival, growth, and fry production of red tilapia
(Oreochromis urolepis hornorum @x Oreochromis mossambicus o) broodstock
in outdoors farming conditions at various salinity levels (1%o, 25%o0, 33%o0,
39%o0, and 42%o) at 25.3°C-39.0°C. The experiments were conducted in
triplicates in 2020 using 300 broodstock per group. The survival rate, growth
performance, and fry production were monitored. Our results showed that red
tilapia fry production and grow-out farming were feasible under high salinity
conditions; however, the various levels of salinity condition exhibited significant
differences in terms of survival rate, growth performance, fry production. The
results suggest that red tilapia broodstock was maintained under salinity as
high as 33%o0 without impairing fry production; above 33%o0 was feasible for
the grow-out stage, implying that the fry production in euryhaline tilapia
farming would be practical in regions where freshwater acclimation is limited.
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Introduction

Tilapia (Oreochromis spp.) farming is important for economic development, market
demand, and food security in Saudi Arabia (Siddiqui and Al-Harbi, 1995; Elhendy and
Alzoom, 2001; Young et al., 2021b). Saudi Arabia presently manufactures about 75,400
tons of aquaculture; Pacific white shrimp (Litopenaeus vannamei) farming accounted for
~80% in 2019. The primary farmed tilapia species, Nile tilapia (Oreochromis niloticus),
Sabaki tilapia (Oreochromis spilurus), Mozambique tilapia (Oreochromis mossambicus),
hybrid tilapia (Oreochromis niloticus x Oreochromis aureus), and red tilapia (Oreochromis
urolepis hornorum ¢x Oreochromis mossambicus o), have contributed 9,000 tons to
Saudi Arabia’s total fish production in 2019 (Food and Agriculture Organization of the
United Nations, 2022).

Because of the limitations dictated by government policies and environmental
restrictions, euryhaline tilapia is becoming more suitable for aquaculture than freshwater
tilapia (Young et al., 2021ab). Red tilapia has been gaining possible popularity and is one
of the high-valued tilapia farming species in Saudi Arabia (Siddiqui and Al-Harbi 1995; El-
Zaeem et al., 2012).

Despite significant improvements in red tilapia aquaculture in Saudi Arabia, there is
little information on outdoor commercial farming operations under high salinity. Because
of West Saudi Arabia, the saltiness of seawater is about 42%0-45%o0 (Saunders et al.,
2016; Young et al., 2021a). For ideal conditions of red tilapia farming, seawater salinity is
about 1%o0-18%0 (Watanabe et al., 1989; El-Zaeem et al., 2012). Furthermore, the high
cost of freshwater acclimation is an essential parameter affecting Saudi tilapia aquaculture
production costs. Regulations strictly prohibit the installation of pumping wells (Elhendy
and Alzoom 2001; Al-Hafedh et al., 2008; Young and Alfaggeh 2021). However, a lack of
information exists on the outdoor culture of the red tilapia in high-salinity conditions. Most
related research has been at lower salinity (1%o0-37%o0), fingerling size (>1g), or indoor
hatchery condition (Watanabe et al., 1990; Romana-Eguia et al., 1999; El-Zaeem et al.,
2012; Sallam et al., 2017). Therefore, this study was designed to increase our
understanding of the outdoor culture of red tilapia under high-salinity conditions.

Materials and Methods

Experimental design

The red tilapia broodstock for this study was grown from January 1st to December 31st,
2020, and obtained from the Jeddah Fisheries Research Center, Jeddah, Saudi Arabia. The
experiments were conducted in triplicate at a 10-m3 capacity outdoor raceway tank with
300 broodstock per system. The red tilapia broodstock average weight was 244.6 + 20.62-
g, and the female-to-male sex ratio was 2:1. The broodstock maintained in tanks at
salinities of salinity 1%o, 25%o0, 33%o0, 39%e0, and 42%o0 were picked from broodstock from
freshwater acclimation. Broodstock was acclimated to 1%o0-42%o0 at a rate of 3%o0 per day.
Broodstock was maintained salinity acclimated 30 days. After acclimating, broodstock were
transferred directly into raceway tanks at various levels of salinity (1%o, 25%o0, 33%o,
39%eo0, and 42%o).

The frequency, feed quantity, and feeding competition were controlled manually.
Commercial feed (floating, 6-mm, 36% crude protein, 4% crude fat, Arasco, Saudi Arabia)
was used twice daily ad libitum.

The daily water exchange was about 10% of the tank volume by controlling the water
valve and monitoring the salinity. The temperature ranged from 25.3°C-39.0°C, pH 5.17-
7.45, and dissolved oxygen (DO) 4.50-6.70-mg/L at all groups. The dead fish, uneaten
feed, and fecal matter were removed twice daily. The broodstock in all groups were
randomly sampled and measured once every week between 06:00 and 08:00 h.
Additionally, the fry were sampled once every 30 days to determine the survival rate,
growth performance, and fry production. The formulation of growth performance was
adopted from a previous record (Young et al., 2021a; Young and AlMoutiri, 2022).
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The survival rate was calculated as follows: the number of survivors at the end of the
experiment x 100/initial number stocked.
The specific growth rate (SGR) was determined using the following equation: specific
growth rate (% body weight per day) = [(In (W2 — W1)) x 100] / At, where W1 represents
the initial wet fish weight at stocking, W2 represents the final wet fish weight, and t
represents the grow-out period. The feed conversion ratio (FCR) was determined by feed
weight/fish weight gain.

Statistical analyses

The data were analyzed using IBM Predictive Analytics Software (PASW) 18.0 (IBM,
Armonk, New York) using ANOVA and Duncan’s multiple range test for post hoc comparison
of the means. p < 0.05 was considered significant.

Results

The maximum salinity endured by the red tilapia broodstock was 42%o0 (Table 1). The
survival rate varied significantly between various salinity groups throughout the
experiment (p < 0.05), especially in the group exposed to salinity levels of 42%o0, which
indicated a lower survival rate (45%) and growth performance (0.49% day™!). The highest
salinity endured production were the 39%o0 group, and 1%o0-33 %o group with the higher
survival rate and fry production among the five salinity groups (Table 1).

Table 1 Red tilapia survival rate, Feed conversion ratio, Specific growth rate (% day!), and fry
production per female at different salinities

Salinity Survival rate (%) Feed conversion Specific growth rate Mean fry production
ratio (% day?) per female
(30 days)
1%o0 95.7 £ 0.23 1.37 £ 0.05° 0.83 £ 0.06° 202 + 8°
25%o0 93.6 £ 3.23 1.45 £ 0.23° 0.75 £ 0.17° 173 £ 492
33%o0 93.2 £ 2.5 1.63 £ 0.15c 0.64 £ 0.08c 179 = 572
39%eo0 77.0 £ 1.3b 1.71 £ 0.37¢ 0.60 + 0.09¢ 71 + 11b
42%o0 45.0 £ 5.0¢ 1.86 £ 0.86¢ 0.49 £ 0.17¢ 0+0d

In each column, different letters indicate a significant difference (p < 0.05).
Discussion

Our results showed that the salinity of 42%o0 was the maximum endured for red tilapia
farming. Additionally, Stickney (1986), Watanabe et al. (1989), Romana-Eguia et al.
(1999), Cnaani and Hulata (2011), and El-Zaeem et al. (2012) showed that the maximum
endured for red tilapia was about 16%0-39%0 from previous research groups and
commercial hatcheries. Under increased salinity conditions, the survival rate of red tilapia
farming was 45%-77%, which was consistent with the results reported by Sallam et al.
(2017) showed survival rate of red tilapia farming was 81%-100% under 36%o.
Additionally, Watanabe et al. (1989) reported that the maximum salinity endured by red
tilapia fry production was 36%o0 salinity; our results maximum salinity survived by red
tilapia fry production was under 39%o condition. Additionally, Watanabe et al. (1989) and
Sallam et al. (2017) reported that the red tilapia fry production was 90-210 per spawning
period under 36%o salinity conditions; our results indicated that it was 100 fry per
spawning period under 39%o salinity conditions.

The growth performance of this study was consistent with the results reported by
Romana-Eguia et al. (1999) and Sallam et al. (2017) that showed that SGR was 0.49%-
0.85% day . Furthermore, it was noted that the body color of red tilapia under high salinity
is lighter than freshwater red tilapia. Considerable variations in water quality parameters
(temperature, DO, and pH) were not observed between all groups in this study when the
climate was relatively stable.
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The higher FCR and lower survival rate in the high salinity groups were likely induced
by increased stress levels in the farming environment, which places fish under high salinity
(42%0) and temperature stress (38°C) conditions (Saunders et al., 2016; Young et al.,
2021a). El-Zaeem et al. (2012), and Sallam et al. (2017) reported that the red tilapia
obtained the higher growth performance was cultured in brackish water (15 %o) or
seawater (25%o to 36%o0) which was consistent with the results reported in this study.
Moreover, diseases, especially parasitic and bacterial infections, frequently occur in fish
farming in the winter. Additionally, it was noted that diseases, including bacterial and
parasitic infections are frequent in outdoor farming systems of red tilapia during the winter.
We also noted that feed, labor and freshwater were the main cost-related factors in red
tilapia farming, consistent with the tilapia culture results reported in Saudi Arabia by
Elhendy and Alzoom (2001), and Young et al. (2021ab). Additionally, the freshwater cost
(0%-29.67%) was an essential parameter that influenced the production costs of tilapia
farming in Saudi Arabia. Although most aquaculture companies in Saudi Arabia are either
industrial or large-scale businesses, most tilapia farming are small-scale businesses. In
aquaculture development, this is vital because the scale of farming operations makes a
significant difference. For example, Young et al. (2021b) reported that industrial-scale
tilapia producers spent less on feed in Saudi Arabia because they could manufacture feed
at their facilities. In contrast, Zhang et al. (2016) found that small-scale Chinese fish
producers were economically inefficient. Furthermore, Young et al. (2021b) and Young and
AlMoutiri (2022) reported that limiting environmental factors and higher-cost production
facilities were more common in fish farming in Saudi Arabia.

The results of this study on the efficacy of commercial-scale red tilapia farming systems
in Saudi Arabia could be used to inform related research and to further develop aquaculture
techniques for euryhaline tilapia farming.
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