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SUMMARY

Six hundred Nile tilapia Oreochromius niloticus monosex fingerlings (mean 0.98g + standard error 0.02)
were stocked (50 fingerlings / m’) into 6 different hapas to constitute two experimental groups control group (C)
and base group (B). After 4 weeks the larger 20 fish in each hapa in the base group were designated to establish
the experimental group (I;). After another 4 weeks the 15 larger fish in each hapa in the base group were also
designated to form another experimental group (I,). All formed experimental groups were reared for another
further 8 weeks. The coefficient of variation (C.V. %) showed a notable increase at the end of the experiment for
all experimental groups including (C) from 22.1 to 39.2%; (B) from 21.5 to 26.2%, (1;) from 18.4 to 27.3%, and
similarly (1) from 15.6 to 25.5%. Final coefficient of variation (C.V. %) in the control group (C) 39.2% was
significantly higher (p <0 .001) than those of all another experimental groups. Size distributions for all
experimental groups also typically skewed positively towards the larger fish with time. The coefficient of
skewness increased from -0.3, -0.21, 0.7, and 0.56 for C, B, I;, and I, respectively to 1.84, 0.7, 1.15, and 1.22 at
the end of the experiment. Specific growth rates % of the base group (B) were significantly (p<0.001) higher
than those of all other experimental groups after larger fish designation indicating an enhancement in the
growth of the remaining individuals. The final body weight of L;and I, (15.91 & 16.39 g., respectively) were
significantly (p<0.001) higher than those of C and B groups (12.88 & 12.89 g., respectively). Growth hormone
receptor (GHR1) mRNA level was highly up regulated (5 folds) and Insulin growth factor-I (IGF-1) mRNA level
was lowly down regulated (0.76) in the liver of secondary isolated lager fish (I,) than those of the subordinate
individuals remaining in the base group (B). The results of the current study led to suggest that repeated
isolation of the larger fish from the rearing unit may help on reducing the final size variation and increasing the
probability of fast growth for more individuals. The level of GHR1 mRNA was highly depending on the relative
position in the hierarchal structure within the same rearing unit.
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INTRODUCTION

Growth dispensation explained as few individuals
grow to be large while the vast majority remains
small, such phenomenon was reported in several
animal species (Ra'rnan and Cohen, 1984 and
Potthoff and Christman, 2006). Growth inconsistency
is a common feature in numerous cultured fish
especially during the early live stages (Assaf Barki et
al., 2000; Michael and Lee, 2003; Corréa et al., 2003;
and Potthoff and Christman, 2006). Practically, the
lack of uniformity and asymmetry in growth has
considerable effect in commercial cultured fish. It is
obviously profitable to produce uniform sized fish
(Kelly and Heikes, 2013). Generally, a superior
aquaculture system would be the one where the
probability of fast growth is realized to all
individuals. In order to reduce this variation it is
essential to investigate the phenomenon, to grasp the
factors that may influence it, and subsequently to
determine how growth can be promoted and variation
can be reduced, (Jobling and Baardvik, 1994 and
Goldan et al., 1997, 1998). Different factors may
results in growth depensation. Growth dissimilarities
may results from genetic potential discrepancies in
growth rate (Kinghorn, 1983). In this respect, Perez-

Sanchez and Bail (1999) suggested that the growth
hormone receptor (GHR1) mRNA and Insulin growth
factor-I (IGF-I) mRNA axis could be used as markers
of growth performance and nutritional status in
aquaculture. On the other hand some other factors
e.g. stocking practices, environmental effects and
social interactions may also results on such growth
nonconformity (Michael and Lee, 2003 and Potthoff
and Christman, 2006). As for Tilapia which
represents the major cultured fish in the Egyptian
aquaculture (GAFRD, 2014), some previous studies
investigate several growth depenstion aspects like the
social stress related to growth variation (Volpato and
Fernandes 1994); Tilapia social behavior (Sudhindra,
1997); mechanism of growth variation (Volpato et
al., 1998); effect of dominance relationship on
cortisol level and other metabolic parameters (Corréa
et al., 2003), and the effect of stocking density and
the effect of initial weight variation on size variation
(Barbosoa et al., 2006).

The aim of this study was to investigate growth
depensation in monosex Nile Tilapia juvenile
through: 1) twice isolation of larger fish from a base
population to explore the social component of growth
depensation 2) gene expression comparison between
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the superior grown individuals and subordinates to
examine the genetic component of growth
depensation. Understanding of such growth variation
sources could help in subsequent optimization of
stocking practices, selection procedures, and
avoiding the probable negative consequences.

MATERIALS AND METHODS

Experimental design

The experiment was lasted from May to October
2015 at a private tilapia hatchery in San-El-Hagar,
Sharkia, Egypt. Six hundred Nile tilapia
Oreochromius niloticus monosex juvenile (mean
weight 0.98g + standard error 0.02) were stocked
with a density of 50 fish / m” into six hapas of total
area 2 m” to form two experimental groups with three
replicates control group (C) and the base group (B).
After 4 weeks all fish were weighted individually and
the larger 20 fish from each hapa in the base group
(B) were identified, isolated, and transferred into 3
another hapas of total area 0.5 m’ to consist the
experimental group (I;). After such isolation the
stocking density in both B & I, will be 40 fish / m’.
At the same time the stocking density in the control
group (C) was also equalized to 40 fish / m® with
culling 20 fish per each hapa. After another 4 weeks
all fish were weighed individually and the larger 15
fish from each hapa in the base group (B) were
1dentified, isolated, and transferred into another three
hapas of total area 0.5 m® (stocking density 30 fish /
m?), those secondary isolated larger fish formed the
experimental group I,. At the same time the stocking
density in C, B, and I,was modified to be also 30 fish
/ m* After each culling process the weight and the
size distribution were maintained similar to the
original bulk population of each group in terms of
mean weight and the coefficient of variation C.V. %.
All formed experimental groups were reared for
another further 8 weeks rearing period.

Fish management:

All hapas were kept into 2000 m” earthen pond.
Water temperature ranged between 23 and 30 °C, pH
value ranged between 7.2-7.9, and water salinity
ranged between 2500 - 2850 mg / L. Fish were fed at
8% (8 weeks) and 5% (8 weeks) of their body weight
with 1 mm pellets commercial diet (35% crude
protein).

Considered traits
The specific growth rate (SGR%) for each hapa
was calculated as: SGR = 100 x (InWf — InWi) ¢ ',

Table 1. List of Primers used in this work

where Wf is the final weight, Wi is the initial weight
in grams, and ¢ is the time in days (Hopkins, 1992).
Fish were observed for any mortality during the
experimental period and almost no mortalities were
observed. The size variation was evaluated using the
coefficient of wvariation and the coefficient of
skewness. Coefficient of variation calculated as (C.V.
%) = (standard deviation /mean) X 100). Coefficient
of skewness calculated as skew = {n / ((n-1) (n-2))}
X Y {(x;-x) / standard deviation} . Variability for
weight of individual fish within each hapa was
compared among experimental groups.

Statistical analysis:

Data were statistically analyzed using (IBM
SPSS, 2013) according to the following model: Yj; =
p + Tit+ ey, where, p is the overall least square mean,
T; is the fixed effect of experimental groups (i = 1;
...4), and e is random error (~NID; 0; &.). Least
Squares Means were tested for significant differences
using Duncan's Multiple Range Test (Duncun, 1955).

Gene expression for the study:

Gene expression study was carried out at Central
Laboratory, Faculty of Veterinary Medicine, Benha
University, Egypt. In order to investigate the prober
genetic component of growth depensation, Liver
samples were dissected from I, (secondary isolated
larger fish) and the smallest subordinate individuals
which remaining in B after twice removing of larger
fish. Liver samples were frozen at -80°C immediately
until use.

Total RNA Extraction and Complementary
Deoxyribonucleic Acid (cDNA) Synthesis:

Total RNA was extracted from the frozen liver
tissues using RNeasy® Mini kit (Qiagen) following
the manufacturer's protocol. RNA quantity and
quality were determined by using spectrostarNano
drop. Single stranded cDNA was synthesized from
1000 ng of total RNA according to manufacturer’s
protocol of High Capacity cDNA Reverse
Transcription Kits (Applied Bio systems). Cycling
conditions were: 25°C for 10 min, 37°C for 120 min
and 85° C for 5 min. Then total RNA and cDNA
samples were stored at -80° C until use.

Primer Design:

Primers used in this study (Table 1) were created
for IGF-I and GHRI1 genes and designed using the
software GenScript Online PCR Primers Designs
Tool. In this study B-actin gene is used as a reference
gene (Davidson et al., 2003 and Bzhao ef al., 2009).

Gene Primer Amplicon (bp) Genbank (ID)
) F: GCCTCTCTGTCCACCTTCCA
B-actin R: GGGCCGGACCCATCGTACT 62 NM005159.4
F: GTTTGTCTGTGGAGAGCGAGG
IGF-1 R: GAAGCAGCACTCGTCCACG 97 Y10830.1
IR F: CAGACTTCTACGCTCAGGTC " AY973232 1

R: CTGGATTCTGAGTTGCTGTC

F: Forward primer; R: Reverse primer
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Quantitative Real Time PCR (qRT-PCR):

PCR reactions for each gene were carried out for
each analyzed sample. Each PCR reaction consisted
of 1ul of 1pg/ul ¢cDNA, 10 ul SYBR Green PCR
Master Mix (QuantiTect SYBR Green PCR Kit,
Qiagen), 1 uM of each forward and reverse primer
and nuclease free water to a final volume of 20 pl.
Reactions were then analyzed on an Applied
Biosystem 7500 Fast Real time PCR Detection
system (Applied Bio systems) under the following
conditions: 95°C for 10 minutes (holding stage) and
40 cycles of 95°C for 15 seconds (denaturation stage)
followed by 60°C for 1 minute (annealing and
extension stage). The amount of change in gene
expression was calculated from the obtained cycle
threshold (CT) values provided from real-time PCR
instrumentation using the 2-AACT calculation (Livak
and Schmittgen, 2001) where ACT indicates the CT
changes in target gene in comparison with the
reference gene.

RESULTS AND DISCUSSION

Growth variation:

Size variability may expressed as changes in cube
root of the variances (Magnuson, 1962), the shape of
size-frequency distributions (Chambers et al., 1988),
the standard deviation (Koebele, 1985), the
coefficient of variation (Ryer and Olla 1996), or the

difference in coefficients of variation over time
(Goldan et al, 1998), and coefficient of skewness
(Assaf Barki et al., 2000). The results (Table 2 &
Fig.1) revealed that the coefficient of variation (C.V.
%) increased with time for the experimental control
group (C) from 22.1 to 39.2% at the end of the
experiment. As for the base experimental group (B)
from which we had twice removed the larger fish, the
coefficient of variation C.V. % also expressed a
dramatically increase with time (Table 2 & Fig.1). In
spite that isolation of larger fish decreased the C.V.
% to 18.3% after the first isolation and to 8.5% after
the second one, the coefficient of variation% in B
reaches to 26.2% at the end of the experiment.
Regarding to the experimental groups I; and I, which
formed from the isolated graded larger fish with
relatively smaller coefficients of variation C.V. %
(184 & 15.6% respectively), those groups also
showed a notable increase in the size variation at the
end of the experiment (27.2 & 25.5%, respectively)
(Table 2 & Fig 1). Therefore, the present results led
to conclude that there were sources that generate and
maintain variation in monosex tilapia fingerlings size
within the same rearing unit. The final coefficient of
variation C.V. % in the control group (C) 39.2% was
significantly higher (p <0 .001) than those of all other
experimental groups B, I;, and I, which indicate that
isolating of the larger fish helps on decreasing the
final size variation.

Table 2. Growth and growth variability parameters of monosex Nile Tilapia fingerlings reared as four
experimental groups C: control group; B: base population from which larger fish were removed after 4 &
8 weeks; I1: consisted from first isolated larger fish; and I2: consisted from secondary isolated larger fish

lllel‘)if:;mental Group/N islfzitgillt(g) fvl(:ZLt(g) SGR% in;t(l;ll fl‘tli:/t ?ll:etvl\flliess fligjvlness
1:0-4 weeks  C /100 0.98° 4.68° 558 221 28.5° -0.3° 1.25%
B /100 0.97° 456 553 215" 25.7° -0.21° 1.4
I1:4-8 weeks  C /80 4.68" 7.40° 1.64° 285" 347 1.25° 1.56*
B /80 3.4b° 7.52° 2.84° 183" 24° -0.05° 1.21°
I,,20 7.06° 10.34 135 184" 223° 0.42° 0.7°
I1:8-12 C /60 7.40° 10.89° 1.38° 347  37.9° 1.56° 1.58°
weeks B /60 6.78° 10.55° 1.58° 8.5  233° -0.08¢ 0.36°
I, /15 10.34° 13.53" 0.96° 223" 235° 0.7° 1.05°
L/15 10.54° 14.05° 1.03*  15.6° 21.1° 0.56° 1.09°
IV:12-16 C /60 10.89° 12.88° 0.60°  37.9* 392° 1.58° 1.84°
weeks B /60 10.55° 12.89° 0.72° 233" 262° 0.36° 0.7°
I,/15 13.53° 15.91° 0.58° 235" 272° 1.05° 1.15°
I,/15 14.05° 16.39° 0.55°  21.1° 255" 1.09° 1.22°

C: control group; B: base population from which larger fish were removed after 4 & 8 weeks; I;: consisted from first isolated
larger fish; and I,: consisted from secondary isolated larger fish. N: Number of fish in each hapa within each experimental

group.

Values in the same column during each experimental period sharing the same letter are not significantly different from each

other (p <0 .05).
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Figure 1. Coefficient of variation C.V.% for weights of monosex Nile Tilapia fingerlings reared as four
experimental groups C: control group; B: base group from which larger fish were removed
after 4 & 8 weeks; I;: consisted from first isolated larger fish; and I,: consisted from secondary

isolated larger fish

As for skewness as measurement of growth
variation, the initial size distribution for the control
group (C) is negatively skewed and seems to be
somewhat symmetric (coefficient of skewness = -0.3)
while the size distribution became progressively
positively skewed towards the larger fish with time
(coefficient of skewness at the end of the experiment
= 1.84). Similarly the base population experimental
group (B), showed a repeated formation of
asymmetric distribution with time. The coefficients
of skewness increased in B after the first 4 weeks
from-0.21 to 1.4. Furthermore, regardless that
removing of the larger fish after 4 and 8 weeks
decreased the coefficients of skewness in (B) to 0.05
and -0.08 respectively it’s re-increased to 0.7 at the
end of the experiment. As for I;, and I, the coefficient
of skewness also showed a remarkable increase from
042 & 0.46 to 1.15 & 1.22 at the end of the
experiment respectively (Table 2 & Fig.2).

These results indicated that growth depensation
was clearly evident in monosex Nile Tilapia
fingerlings even if size variability was reduced
through removing larger fish and even if groups were
consisted with a graded individuals. Some previous
studies had been reported a similar aspects of growth
depensation between Nile tilapia individuals within
the same rearing units in terms of variation in size
among individuals and size distributions skewness
(Volpato and Fernandes 1994; Volpato et al., 1998;
Corréa et al., 2003 and Barbosoa et al., 2006). The
reasons of such variability may be genetically or due
to the competition on different resources in the
shared environment like food availability (Ryer and
Olla, 1996), food quality (Goldan et al., 1998), and
space (Huang and Chiu, 1997). Such competitive
ability mainly correlated with body size in many fish

species including tilapia (Koebele, 1985). As a result
of the different competition capabilities according to
fish size a hierarchal structure is being formed. The
relative position of an individual will determine how
it will be able to utilize different shared resources so,
some fish grow faster and some other fish will be
somewhat suppressed. Such, suppression on the
subordinate individuals may be caused with a stress
from the behavior of the larger fish or as a result of
feeding difficulties or they utilize food energy in
evading the dominants rather than for growth. The
repeated increase in size variation and the repeated
size distribution skewness in all experimental groups
indicated the importance of such social source of
growth depensation

Growth performance:

The results (Table 2) revealed that initial body
weight (g), final body weight (g), and SGR% of the
experimental groups C (0.98g, 4.68g, and 5.58%
respectively) and B (0.97g, 4.56 g, and 5.53%
respectively) didn’t differ significantly during the
first experimental period (0-4 weeks). During the
other experimental periods II, II, and IV the results
(Table 2 & Fig 3) showed that the means of the final
body weight of the base experimental group (B)
(12.89g.) didn’t differ significantly from that of the
control group (12.88g.) in spite of the twice removing
of the superior growth individuals from it.
Additionally, specific growth rates (SGR%) of the
experimental base group B during the experimental
periods II, III, and IV were 2.48, 1.58, and 0.72 %
respectively which all significantly higher than those
of the another three experimental groups. It may be
concluded that the removal of larger fish enhances
the growth of the remaining individuals in the rearing
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unit. Similar results in other cultured fishes were
mentioned by (Wohlfarth, 1977; Wickins, 1987 and
Assaf Barki, 2000) who reported an improvement in
the growth rate of carp, elevers, and silver perch as a
result of the absence of larger fish. Individuals are
capable of growing fast in the absence of larger
individuals in the same unit. Such improvement may
be explained as a compensatory growth as a result of
removing the social stress which caused by the larger
fish on those smaller ones. The results (Table 2)

revealed that the final body weight of 1, (16.39 g.)
and I; (15.91g.) were significantly (P<0.001) higher
than those of C and B experimental groups (12.88 &
12.89 g. respectively). As both I; and I, were formed
from the superior growth individuals that isolated
from B after 4 & 8 weeks, respectively, such final
superiority after isolation may be explained as those
superior individuals have a superior genetic material
over the rest of the population.
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Figure 2. Coefficient of skewness for weights of monosex Nile Tilapia fingerlings reared as four
experimental groups C: control group; B: base population from which larger fish were
removed after 4 & 8 weeks; I1: consisted from first isolated larger fish; and 12:
consisted from secondary isolated larger fish.
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Figure 3. Specific growth rate (SGR %) for monosex Nile Tilapia fingerlings reared as four
experimental groups C: control group; B: base population from which larger fish were
removed after 4 & 8 weeks; I1: consisted from first isolated larger fish; and 12:
consisted from secondary isolated larger fish.
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Gene expression study:

The results of the gene expression study (Fig. 4)
indicated that Growth hormone receptor (GHRI1)
mRNA level was highly up regulated (5.08 folds
+0.98) in liver of secondary isolated larger fish (I,)
than that of the remaining subordinate individuals in
the base experimental group B. However, Insulin
growth factor-I IGF-I mRNA level was lowly down
regulated (0.76+0.45) in liver of individuals from the
experimental group I, than that of the remaining
subordinate individuals. Growth hormone (GH) is an
important hormone produced by the pituitary gland in
teleosts (including Tilapia) as in other vertebrates.
GH acting by binding to a trans-membrane receptor
named GH receptor (GHR) in the target tissue
(Pérez-Sanchez et al., 2002). GH plays an important
role in regulating different physiological processes
including growth, metabolism, and osmoregulation
(Reinecke et al., 2005). GH also is found to affects
several behavioural aspects like appetite, foraging
behaviour, aggression, and predator avoidance
(Bjornsson et al., 2004; and Pérez-Sanchez, 2000).
Recent studies have identified two clades of putative
receptors for GH (GHR1 clade and GHR2 clade) in
fishes both of which are highly expressed in the liver
(Jiao et al., 2006; Pierce et al., 2007 & 2012). The
GHRI1 has been used as marker for nutritional status

Fold change mean
L8]
L

and growth preference in fish growth (Perez-Sanchez
and Le Bail, 1999; Norbeck et al., 2007) and in the
current study, the results of the gene expression
experiment (Fig. 4) indicate that growth hormone
receptor (GHR1) mRNA level was highly up
regulated (5.08 folds +0.98) in liver of secondary
isolated larger fish group (I,) than that of the
remaining subordinate individuals. The wide
variation of the relative abundance of GHR1 mRNA
between B and I, (about 5 folds) observed in this
study might be explained by the observed variation in
fish size between treatments at termination of the
study and their relative position in the hierarchal
structure  within the rearing unit. Dominant
individuals within a population have consumed more
food and have grown faster than the remaining
subordinate individuals. Dominant individuals could
chase the remaining subordinate individuals during
feeding periods. Many studies showed that liver GH
binding is reduced by nutritional restriction (Gray et
al., 1992; Pérez-Sanchez et al. 1995 and Deng et al.
2004), suggesting that up regulation of GHR level in
the secondary isolated group I, represented by high
GHR1 mRNA level, may be due to their higher
relative position in the social hierarchal structure
which in turns led to consumption of more food.

IGF-I

GHR

Gene expression in liver

Figure 4. Fold change mean between liver growth hormone receptor (GHR1) mRNA and
Insulin growth factor-I IGF-I mRNA of superior growth individuals (I2) and
subordinate individuals (B) monosex Nile tilapia fingerlings

CONCLUSION

The current study led to conclude that, growth
depensation phenomena was clearly evident in the
monosex Nile tilapia fingerlings. Repeated isolation
of the larger fish from the rearing unit may have
some advantages in terms of reducing the final size
variation and could spare somewhat equal chances
for more individuals to grow fast. As for gene
expression study, relative position in the hierarchal

structure within the same rearing unit effects on the
level of GHR1 mRNA.
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