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Abstract

This study was conducted to compare performance in a domesticated strain of
Florida red tilapia (Orecchromis spp.) that had been selected for resistance low water
temperatures in winter over 5 generations to that of origin unselected blue tilapia {O.
aureus), because it's more tilapia species resistant to the cooler water ponds, under different
stocking densities conditions (35,50 and 65 fry / aquarium) during nursing period even
access to fingerlings necessary to conduct the second selection phase for the fifth
generation off-spring during the winter. Fish were reared in twelve glass aquaria (70 L
volumes of water faquarium duplicated per treatment) with an average initial weight of
0.022+ 0.002 g. One experimental diet was formulated to contain 41.41 % crude protein and -
477.87 Keal gross energy / 100 g. fish in each aquarium were fed two times diets daily (six
days a week) at a rate of 10-15 % of body weight for 90 days. The Florida red tilapia cut
performed blue tilapia by growing faster by 73.9% to a large size ingested a greater amount
of feed by 131.6% exhibiting greater efficiency in feed conversion and also appeared to
utilize dietary lipids for energy while sparing protein for growth. The results revealed also
that red tilapia reared at a density (50 fry / aguarium) had best growth (3.37 g), survival (76
%) and feed utilization efficiency parameters the same trends were observed for blue tilapia
reared at density (50 fry / aquarium). Challenge test for cold water showed that there was no
significant difference between selected red filapia strain and origin blue tilapia in cold water
tolerance despite that the lowest lethal temperature of 50% individuals was 7.5 °C for
selected red tilapia and 7.0 °C for origin blue tilapia.

Introduction N
Genetic selection and breeding in the field of aquaculture is very
important to improve all the qualities that lead to. improved production
efficiency and profitability, particularly growth rates, resistance to disease
and unfavorable environmental conditions (Essa, 1987 and Lovshin, 1988).
Tilapias are first in weight harvested from culture ponds and cages
in Egypt. GAFRD (2012) estimated that 610617 ton of tilapias were farmed
in 2011 because of its rapid growth, ability to resist poor water quality, and
disease, tolerate wide range of salinity, low oxygen levels and to convert
lowest quality of organic, animal, agricultural and domestic waste materials
into high quality protein ( Mohamed, 2002). The Nile tilapia (Oreochromis
niloticus) is the most widely cultured tilapia not only in Egypt but also in the
world. However, the red tilapia, Oreochromis sp., is increasing in popularity
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among producers due to its atftractive color, increased marketabilit’y\
especially in Asia and Latin America, as well as high salinity tolerance in\\
some strains (Lovshin, 1998, Helal ef a/., 2004 and Romana- Eguia ef al,
2010). Under Egyptian conditions unfortunately the Florida red tilapia hybrid
is not cold tolerant, death occurred to some fish at water temperature below
16 °C (Dowidar and Essa, 1988, Essa et al., 1996 and Helal ef a/., 2004).

Aithough it can design selective breeding programs to improve
production traits, the most important of these qualities for red tilapia is the
resistance to cold water ponds in winter in order to reduce the mortality rate
which means increasing production and farm income. Therefore, the
present work aimed to study the growth, survival and feed efficiency of
offspring from selected Florida red tilapia as well as origin blue tilapia,
Oreochromis aureus, during nursing period under different densities. Also
made a comparative study of their fingerlings stage for resistance to cold
water in winter. Blue tilapia has been chosen as a control treatment
because it is more ftilapia species resistant to the cooler water ponds
(Chervinski, 1982 and Cnaani ef a/., 2000). '

Materials and Methods
Fish and culture facility:

This study was carried out at E-Max Research Station, National
Institute of Oceanography and Fisheries, Alexandria. The experimental
Florida red tilapia, Oreochromis spp., was introduced from Mariut Fish
Farms Project, Egyptian Ministry of Agriculture in 2008 for the
implementation of selective breeding program for the production of new
strain red tilapia resistant to cold pond water in winter by using individual
selection program according to Gjedrem and Baranski (2007), for five
generations until 2012,

During the present study offspring from red tilapia fifth generation
were tested from the point of view of the impact of stocking density on the
growth, survival and feed utilization efficiency parameters during nursing
period between August 20 and November 9, 2012 (SO days) compared with
origin blue tilapia in order to reach fingerling stage necessary to conduct
the second selection phase for red tilapia fifth generation during winter.
During experimental nursing period, the fish were transferred into their
respective nursery glass aquaria (70 L each). A total number of 600 heaithy
experimental fish fry with an average initial weight of 0.02g and length 1.10
cm were chosen, measured and then distributed randomly into three
duplicated stocking densities(35, 50 and 65 fry per 70 L aquarium) for
selected red ftilapia and origin blue tilapia fry. in experimenta! aquaria, a
static system was used, and 25% of the water was changed daily.

Water Quality:

Water quality parameters in the experimental glass aquaria in the

experiment were determined according to the methods of APHA (1992).
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Water temperature during experimental period variad betveen Z1 and Z7
°C. Dissolved oxygen and ammonia were almost in th2 dosirable
concentrations, where the oxygen not less than 40 mg per liter and
ammonia not exceed 0.015 mg per liter (Azaza ef z/. 2008). Vvater
parameters such as dissolved oxygen, pH and temperaturs in the nursary
aquaria were monitored every three days.

Experimental diets:

Chemical proximate analysis of feed ingredients used in the present
study presented in Table (1). One experimental diet was formulatsd to
contain 41.41% crude protein and almost 477.87 Kcal gross energy/1C0g
for formulation of the experimental diet in the following in the ingredients
were used: Fish meal, Soybean meal, Com gluten, Yellow cern, Starch,
Wheat, Flour, Soybean oil, Vitamins and minerals mixture. Each ingredient
was ground and thoroughly mixed with the other dietary ingredients,
vitamins and minerals mixture. A few drops of oil were added at the same
time of mixing with warm water (45 °C), which was slowly added until the
diets began to clump. Diet dried for 48 hours at a 70 °C in a drying oven
with out processed by a pellet mill machine. Fry in each aquarium were fad
three times daily (six days a week) at a rate of 10-15 % of body weight for

90 days.
Proximate analysis of diet and fish:

The chemical analysis of ingredients, diet and fish sample were
analyzed according to (AQOAC, 1990) methods for dry matter, crude protein,
ether extract, crude fiber and Ash. Gross energy (GE)contents of the
experimental diet and fish samples were calculated by using factors of
5.65, 4.45 and 4.12 Kcal/g of protein, lipid and carbohydrates, raspectively

(NRC, 1993).
Measurements of growth performance:

Total weight gain, average daily gain, specific growth rate, faed
conversion ratio, protein and energy utilization were calculated according to
Recker (1975) and Castell and Tiews (1980). -

Total Weight Gain

Average total weight gain (gffish) = (average Final weight - average Initial
weight)

Average Daily Gain (ADG);

Average daily gain (gffish/day) = (average Final weight - average Initial
weight)/ Experimental period {days).

Specific Growth Rate (SGR% / fish / day ):

Specific growth rate (SGR) % / day) = 100 x (Ln WT - Ln WI) / duration
period(d). |

Where WT: Final weight means of fish in grams and Wi Initial weight
means of fish in grams Where Ln: Natural log and d is the duration period.
Survival rate:

Fish survival rates will be calculated using the formuiae: (No. of fish
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at the end / No. of fish at start) x100.
Measurements of feed and nutrient utilization:

Feed Conversion Ratio {(FCRY):
Feed Conversion Ratio = Dry matter feed intake (g) / Weight gain (g)

Protein Efficiency Ratio (PER):

Protein Efficiency Ratio (PER) = Weight gain (g) / Protein intake (g)
Protein Productive Value (PPV %):

Protein Productive Value (PPV %) = 100 (protein gain/protein intake)
Challenge test for cold:

Four aquaria were placed in cold room operated by a
thermostatically controlled chilling unit, The fry were acclimated at ambient
temperature (16°C). Each aquarium was constantly aerated using 2 air-
stones connected to an air-pump. The temperature of the aquarium water
was adjusted to the desired level by adjusting the thermostat controlled
chilling unit. The acclimatizing fry was done at 16 °C for 24 hours, After that
aquarium water temperature was monitored each half hour from the
beginning to the end of the experiment. The temperafure measurements
were done at half hour, while the dissolved oxygen (DO), pH and total
ammonia, were measured one time during the experiment. Dissolved
oxygen ranged between 4.1 and 6.3 mg/l; pH, 7.6-8.3; ammonia, 0.01-~
0.015 mg/l. Temperature was first lowered to 16 °C within 24 h, and then
water temperature was reduced at a rate of 0.5 °C every half hour tilt the
end of the experiment, on the death of all the fish. Aguaria were observed
once each half hour for any fish mortality. Death was defined according to
Rezk and Kamel (2011) as the point at which fish lost balance, fell on their
side and ceased fin, body and opercula movements and lost response to
external stimulation. Throughout the experiment, dead fish were removed
from the tanks at the end of each hour with a scoop net, and their tag and
aquarium numbers recorded. Mortality was recorded houriy for each fish.
Temperature at death (TAD), recorded hourly, was used in this study to
measure the cold tolerance.

Statistical analysis

The experimental designed in completely randomized factorial experiments
in complete block design with two replications in the two seasons. F-test
and analysis of variance of treatments difference was performed according
to Steel and Torrie (1980). Statistical analysis was done by, ANOVA, F-test,
and L.S.D procedures available within the SAS software package
(Statistical analysis version 9.13, 2008).
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Tabte (1): The composition and Chemical analysis (%on dry matter
basis) of the experimental basal diets '

Ingredients Experimental diet (%)
Fish meal (70% - Danish) 31.42
Fish meal (62% - Vietnam) 3.5
Soybean meal(45-solv VN) 245
Corn gluten (corn) 35
Yellow corn 7.0
Starch 2.45
Rice bran 10.5
Wheat flour 14.0
Saoybean oil 0.1
Trace mineral premix* 1.0
Vitamin and minerals premix 2.0
Total 100
Chemical analysis (%)

Cry matter (DM) (%) 89.98
Crud pratein (CP) (%) 4.4
Ether extract (E.E) (%) 7.29
Ash (%) 8.85
-Crude fiber*(CF) (%) 434
Nitrogen free extract (NFEg/100g) **(%) 38.11
Gross energy (Kcal/f100g) (GE)***(%) 477.87
P/E ratio (mg CP/Kcal) ****(%) 86.66

"Premix Compaosition:- Each 3 kg contains

Vit A 1200000 j.u., Vit D 300000 i.u., Vit E 700 mg, Vit K3 500 mg, Vit B1 500 mg, Vit B2 200mg, Vit
B6 B00mg, Vit B12 3mg, Vit C 450mg, Niacin 3000mg, Methionine3000mg, Cholin chloride 10000mg,
Fdic acid 300mg, Biotin Bmg, Panthonic acid 67¢mg, Magnesiam salphate 3000mg, Copper sulphate
3000mg, ron sulphate 10000mg. Zine sulphate , 1800mg, Ccbalt sulphate 300mg, Carier upto
3000mg.

**NFE= Nitrogen free extract (calculated by differences)

= GE= Gross energy: - Gross energy was calculated using factors 5.65, 9.45, 4.12 Kcal
per gram of protein, lipid and carbohydrate, respectively after (NRC, 1983).

*** P/E= Protein to energy ratio mg crude protein/Keal GE
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Results and Discussions
Growth performance and survival rate (%):

The mean values of the growth performance and survival rate (%) of
the selected strain of Florida red tilapia and origin blue tifapia fry reared at
different densities for 90 days are summarized in Table (2). All groups of
fish increased their growth peiformances steadily following exposure to
their respective stocking density treatments. But it is noticeable that the
selected red ftilapia actuality outweighs the origin blue tilapia in this
performance. The highest growth performance of red tilapia, Orecchromis
spp. in terms of final mean body weight (FBW), and mean body weight gain
(WG), average daily weight gain (ADG) and specific growth rate (SGR) was
observed on the red tilapia reared at a density of 35 fry/aquarium, followed
by 50 fryfaquarium, but the differences were insignificant. While the best
survival rate was observed in the red tilapia reared at a density 50 fry
faquarium (76.0 %) followed by 65 fry faquarium (66.9%) and then 35 fry,

58.5%. .
In all treatments the lowest growth performance and survival rate %

were observed on the origin blue tilapia, regardless of population density,
and were significantly different (p<0.05) (Table 2). These results are in
agreement to the earlier works of Pruginin ef al (1988), Watanabe ef al.
(1997) and Romana-Eguia et a/. (2010), who reported that red tilapia are
genetic mutants selected from tilapia species in the genus Oreochromis:
Nile tilapia, Blue tilapia, O. aureus, Mozambique tilapia, Q. mossambicus,
and Zanzibar tilapia, O. hornorum. They compared the growth of Philippine
red tilapia, Florida red tilapia as well as wild-types, Nile tilapia (O. niloticus)
and Blue tilapia (O. aureus) in 500 m* plastic lined earthen ponds stocked
with the 4 tilapia strains in the same ponds. Ponds were filled with brackish
water and provided with aeration and 1 to 10 % water exchange per day.
Ponds were harvested after 120 days and specific growth rates for
Philippine red tilapia, Florida red tilapia, Nile and Blue tilapias were 3.22,
3.96, 4.56 and 2.83 percent per day, respectively.
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Table (2): Mean values of growth performance parameters of selected strain of Florida red tilapia
and origin blue tilapia fry reared under different stocking densities for 90 day.

termn ( “"}’I . FBW WG ADG SGR SR K
9,,) (g\fish) (g\fish)  (gffishiday)  (Wday) (%) value

Tilapia species (TS)
(Red Tilapia) RT 0022 3.17:0.06* 3.15£0.06" 0.035:0001" 55210.11" 67.1618.5° 1.6
{Blue Tilapia) B. T 0023 1.38+0.06" 1.36+0.06° 0.015:0.00"° 4541011° 32.47485° 152
Stocking density (SD) (Fish/aquarium)

35 0.022 2.37+0.08° 23540.08° 0.02610.001° 5194014° 48.5410.39° 0.96

50 0022 2.59+0.08° 25610.08° 0.02840.001" 5304014 50.5+10.39" 2.38

85 0022 1.87+0.08° 1.8510.08° 0.02110.001° 5944014 50.3+10.39" 1.35
Interaction {TSxSD)

R. T *SD35 0.022 3.7510.11 3.73x0.11 0.04+0.04 5.8240.19 58.5£14.7 1.22
R.T*SD &0 0022 3.3710.11 3.3610.11 0.0440.002 5.63+0.19 761147 2.21
R.T*SD &S 0025 234011 2374011 0.0310.002 5.311+0.19 66.9+14.7 1.37
B.T*SD 35 0025 0994311 0.97x0.11 0.0110.002 4344019 38.5414.7 0.70
B.T*SD 50 0025 1.8040.11 1.7840.11 0.0210.002 4.99+0.19 25414.7 255
B.T*sD 65 0022 13510141 1331011 001540002 4.681019 33.8+14.7 1.32
LSDO0.05 - 0.154 0.154 0.003 0.273 20.751 -

*the means in the same column bearing different superscript are significantly different (P<0.05).

IW: Initial weight, FBW: Final body weight, WG: Weight gain, ADG: Average daily gain, SGR: Specific growth

rate, and K: Condition factor.
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Feed and nutrient utilization:
The mean values of feed and nutrient utilization parameters of the

selected strain of Florida red tilapia and origin blue tilapia fry reared at
different densities for 90 days are summarized in Table 3. The best feed
nutrient utilization parameters (feed conversion ratic (FCR), protein
efficiency ratio (PER), Protein productive value (PPV), and energy
utilization %) were obhserved on the red tilapia reared at a stocking density
50 fry /aquarium followed by 35 fry faquarium and then 65 fry faquarium.
Florida red tilapia used less feed to produced one unit of weight gain when
compared with blue tilapia. In all treatments the poorest feed and nutrient
utilization parameters was observed on blue tilapia, and were significantly
different (P<0.05) when compared with red tilapia. These results were
confirmed the earlier work of Pullin and Lowe-McConnell(1982) as well as
Essa ef al., (1996), who reported that the feed utitization parameters of red
tilapia are slightly less than its counterpart in the Nile tilapia and hlgher than

that of the blue titapia.
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Table (3): Mean values of feed and nutrient utilization parameters of
selected strain of Florida red tilapia and origin blue tilapia fry
reared under different stocking densities.

Fl FCR PER PPV - .EU
— {gfish) {a) {g) (%) %)
Tilapia species (TS)

(Red Tilapia) R. T 7.4640.27" 2.37:0.10 1.0240.02® 553x1.3" 51.3321.2°
(Blue Tilapia) B.T  4.20+0.27° 3.15+0.10 0.7610.02° 35.641.3" 39.51%1.2°
a

Stocking density (SD) (Fish/aquarium) '
35 6.8140.33 2.90£0.13"* 0.83x0.03° 40.24£15 41.7911.5
50 6.53£0.33 2.55+0.13° 0.95+0.03" 49.80+15 4833415
a
65 5.2410.33 2.83+0.13° 0.9510_03: 46.3621.5 44 21+1.5°
Interaction (TS xSD)
R. T *SD35 8.9410.46 240018 1.0110.04 54.44+2.2 50.80+2.1
R.T*SD50 752046 224+018 1.08+0.04 5794122 53.98+2.1
R.T*SD65 5924046 249+0.18 0.97+0.04 53.6312.2 49.4512.1
B.T*SD356  467+0.46 4811018 0.50+0.04 26.03£2.2 24.4642.1
B.T*SDS0 5543046 3.11£0.18 0.7810.04 4166422 40.50+2.1
B.T*SD85 4571046 3443018 0.70£0.04° 39.10#22 37.36+2.1
L.S.D 0.08 0155 0.25 0.055 3.061 2.996
"the means in the same column bearing different superscript are significantly
different (P<0.05).

Fl: Feed intake, FCR: Feed conversion ratio, PER: Protein efficiency ratio, PPV: Protein
productive value, E. Gain: Energy gain, and EU: Energy utilization.

Whole body composition:

The mean values of whole body composition of the selected strain
of Florida red tilapia and origin blue tilapia fry reared at different densities
are sumrmarized in Table 4. The results showed that there were slightly
significant differences in dry matter, protein content, fat content, Ash, and
energy content in the body fish due to differences in popuiation density.
Protein content, fat content and energy content were increased significantly
with increasing the stocking density, where under 65 fry faquarium.
However, DM and Ash were decreased. Dry matter, fat content and energy
content were the highest in blue tilapia, while protein content in red tilapia.
These results were in agreement with the work of Narejo et al. (2010) for

Labeo rohita fry.
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Table (4): Mean values of carcass composition parameters of selected
strain of Florida red tilapia and origin blue tilapia fry reared
under different stocking densities.

Item DM (%) % on dry matter basis
. cP EE Ash
Tilapia species (TS)
(Red Tilapia) R.  27.65+0.13° 54.36+0.06 " 29.46:0.13 16.1840.10*
T
(Blue Tilapia) B. 28.06+0.13* 53.98+0.06° 30.66:0.13" 15.36+0.10"
T
Stocking density (SD) (Fish/aquarium)
‘36 27.4010.16° 53.4810.08° 28.99+0.15°  17.53+0.12°
50 28.70+0.16° 563.68+0.08° 30.5310.15" 1579£0.12°
65 27.46+0.16" 55.35:0.08" 30.6140.15"  14.04:0.12°
Interaction (TSxSD)
R.T *SD35 28.12+0.22 54161011 29.45:022  16.3910.17
R. T*SD 60 28.10+0.22 53584011 29453022  16.9740.17
R. T*SD &5 26.74+0.22 55.40+0.11 29.35+022  15.25+0.17
B.T*SD 36 26.6810.22 5285+011 28531022  18.6210.17
B. T*SD 50 29.30£0.22 53.78+0.11  31.60+0.22  14.6210.17
B. T*SD 65 28.19:0.22 55.3010.11 31.8740.22  12.83x0.17
L.S.D 0.05 0.314 0.151 0.306 0.232

*the means in the same column bearing different superscript are
significantly different (P<0.05).
DM: Ory matter, CP. Crude protein, E. E: Ether extract.

Challenge test for cold

The water pond cold tolerance among the tested fish, selected
Florida red tilapia strain and origin blue tilapia, slightly varied as shown in
Table(5). The mortality was started for selected Florida red tilapia at 9.5 °C,
while the origin blue tifapia began to die at 8.5 °C,

The lowest lethal temperature of 50% individuals was 7.5 °C for
selected Florida red tilapia and complete mortality occurred at 7.0 °C. At
the same time the lowest lethal temperature of 50% individuals was 7.0 °C
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for origin blue tilapia (Table 5). These good results that suggest the
possibility of improvement to resist cold recipe for red tilapia through
selective breeding program - perhaps due to the continuation of these fish
living in a special ponds through the winter season for several generations.
These agreed with the findings of Cnaani et al.(2000) who reported that
better fish survival rate during winter due to longer period of time as the fish
were exposed to low temperatures on the farms. Similar trend was
observed also by Fjalestad ef a/(2005) who found that farmed Atlantic
salmon fish from seven generations of selection for growth rate seems to
be less sensitive to environmental stress than genetically wild fish.
Conclusion, The selected farmed Florida red tilapia from 5 generations
showed that tolerance to cold was positively correlated with selection and
seems to be less sensitive to low water temperatures in winter without any
negative effects on the growth, survival and feed utilization efficiency
parameters.

Table (5): Tolerance of low water temperatures for selected Flarida red tilapia
strain Oreochromis spp. and origin blue tilapia Oreochromis aureus.

Selected Red Tilapia Origin Blue Tilapia
Time Water No. of mortality fish No. of mortality fish
Temp. aquarium 1 aquarium 2 aquarium aquarium 2
20:00 16.0 - - - -
PM P

22:30 14.0 - - - -
23:00 135 - - - -
23:30 13.0 - - - -
24:00 125 - - - -
00:30 12.0 - - - -
AM

1:00 1.5 - - - -
1:30 11.0 - - - -
2:00 10.5 - -t - -
2:30 10.0 - R - -
3:00 9.5 1 1 - -
3:30 9.0 1 1 - -
4:00 8.5 2 2 1 2
4:30 8.0 2 3 5 3
§:00 7.5 4 3 2 1
5:30 7.0 B 7 2 4
6:00 7.0 2 3 5] 8
7:00 7.0 - - 4 2

Total 20 20 20 20
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