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ABSTRACT

Demand for tilapia is growing fast in the United States, positioning tilapia as the
second best-selling fish in retail stores behind salmon. In Hawaii, Oreochromis aureus and
Oreochromis hornorum tilapias are easily available, but currently, little is known about the
somatic growth characteristics of the two tilapia species. Therefore, we designed a study: 1)
to examine the growth characteristic of two tilapia species (O. aurea and O. hornorum), 2) to
examine the biochemical characteristics related to somatic growth in two tilapia species at
different growth stages. Tilapia were raised in outdoor green water tanks in Magoon Facility,
UH Manoa. Body weight and length were monitored during the 12 month grow-out period.
Skeletal muscle samples were collected at 4, 7, 10 and 12 months from each species, and
were frozen immediately in liquid nitrogen for later analysis.. O.Hornorum grew faster than
O.Aureus during 12 months growth period. A wide variation in body weight was observed in
both species with the coefficient of variation being 19.8% for O. aureus and 24.9% for O.
hornorum, respectively. O. hornorum fillet harvested at 12 month had significantly higher
protein (20.0% vs. 17.9%) and fat percentage (0.93% vs. 0.71%), but lower percentage of
water (78.0% vs. 80.4%) than O. aureus fillet harvested at 12 month without any significant
difference in ash percentage. SDS-PAGE analysis showed that little degradation of muscle
proteins happened during cold storage for 7 days. Muscle RNA and DNA concentrations of
O. hornorum and O. aureus declined as they grow in size. Muscle DNA concentration of O.
aureus was higher than that of O. hornorum regardless of growth stages. However, O.
hornorum had higher muscle RNA concentration and RNA: DNA ratio than those of O.
aureus regardless of growth stages. Since RNA concentration and RNA: DNA ratio are
closely related to protein synthetic capacity, it is speculated that differences in protein
synthetic capacity contributed to the difference in growth rate between the two tilapia species.

In order to understand the mechanism(s) underlying the difference in growth rate between the



two species, future studies need to examine the contribution of muscle hypertrophy and
hyperplasia at various stages of in each species, as well as investigating the contribution of
genes involved in the regulation of muscle growth and development.Results of this study
provide somatic growth characteristics of O. aureus and O. hornorum, the two easily

available tilapia species in Hawaii.



CHAPTER 1. LITERATURE REVIEW

1.1. Tilapia Overview

1.1.1. Taxonomy and characteristics

Kingdom: | Animalia
Phylum: Chordata
Class: Actinopterygii
Order: Perciformes
Family: Cichlidae

Tilapia is the common name of fish belonging to the Cichlidae family, and currently
is one of the most widely cultured species in the world. Tilapia was originated from Africa
and then was domestically cultured in subtropical and tropical countries in the 1950s and
1960s. The table above shows the taxonomy of tilapia. Tilapia is divided into three main
groups according to their brooding behavior: Oreochromis, Tilapia, and Sarotherodon with
79 species belonging to Oreochromis genus, followed by Tilapia genius with 41 species and
Sarotherodon genus with 10 species. Oreochromis niloticus (Nile tilapia), Oreochromis
mossambius (Java tilapia), Oreochromis aureus (blue tilapia), and Oreochromis hornorum
(Zanzibar tilapia) are the mostly widely cultured species because of their suitable biological
characteristics for aquaculture. These include fast growing, tolerance to a wide range of
temperature and salinity and ease in hybrid production that allows fish breeders to cross
several species and develop strains that incorporate various traits from each of the parent
species. Additionally, because of the good characteristics inherited from parents, the hybrids
(red tilapia) of Oreochromis crosses have been becoming popularly-cultured species in recent
years.

Tilapia grow well in a wide range of salinity from fresh water to salt water, as well as
resisting disease well (Boyd, 2004; Cai et al., 2004). They can tolerate poor water quality

with high ammonia levels and very low dissolved oxygen (0.1- 0.5 mg/1). They also help



improving water and sediment quality by promoting Chlorella growth, eating organic waste,
bioturbation of sediment. They are herbivorous and omnivorous, easily adapting and growing
well by available natural food and manufactured feed in high densities than any other kinds
of fish. They also reproduce easily and rapidly in various growing conditions.

Tilapia can adapt to diverse habitats: ponds, lakes, rivers, cages, tanks in both fresh
and brackish water. They can be raised in a monoculture system, as well as in combination
with other fish species (carps, trouts, and shrimps) or plants (grapes, wheat, olives, barley,
cotton, melons, and rice) (Boyd, 2004; Frei et al., 2007; Rothuis et al., 1998; Yang et al.,
2003). They also grow well in a variety of systems from extensive to intensive because they
are less specialized in feed requirement than most other aquaculture species: no requirement
of fish meal or other animal protein in their diet, and no antibiotics or vacicine for
streptococcus infection. In brief, tilapia is a suitable species to fit various aquaculture and
farming systems and have a potential to supply protein economically to humans. In the future,
with those beneficial characteristics, tilapia has a great potential to become a part of
sustainable food production system. Tilapia are often called as an “aquatic chicken” because
of easy farming, economic price and the same broad market appeal as chicken. Today’s
consumers like tilapia because of their mild fillet flavor, thus allowing creation of variety of
flavorful dishes. Moreover, tilapia is still economically priced compared with other popular
fishes such salmon and tuna. Tilapia is an excellent source of phosphorus, niacin, selenium
and vitamin B12, and a good source of potassium, providing plenty of proteins without
adding many calories to diet, and it contains no carbohydrates (Table 1.1 in appendix).
Because of those beneficial characteristics, tilapia have been voted as one of the most
important cultured fish around the world (Fitzsimmons, 2011).

1.1.2. Tilapia production and market



After carp, tilapia is the second most widely cultured fish and farmed over 100
countries around the world with global production more than 3.5 million tons in 2010 ( FAO
reports). The total reported value of global tilapia production has increased from $203 million
in 1985 to $5.7 billion in 2010. FAO (2010) forecasted that the world production of tilapia
would reach to 4.6 to 5.0 million MT by 2015.

The global supply of farmed tilapia started in the 1990s. According to statistics
(Imports and Exports of tilapia, USDA, 2010), The US is the top country consuming and
importing tilapia around the world. Most imports come from Asian countries (China,
Indonesia, Thailand, and Vietnam) and Latin America (Honduras, Ecuador and Costa Rica).
Import of tilapia in the US has steadily grown over the past several decades, as consumers
became more familiar with the product. In 2009, American consummed approximately
465,953,089 MT of tilapia on live weight. Tilapia was also in the top ten lists of US seafood
consumption in 2000 and became in the top fifth in 2005 (National Fisheries Institution,
2010) (Table 1.2 in appendix). Demand for tilapia continues to increase in the US: just in the
first ten months of 2010, total import value was $760,000,000, an increase of more than 15%
as compared to 2009, and imports to the United States in 2011 valued at $838 million (US
Department of Commerce, 2012) and reached to US$ 969 million in 2012 (US Department of
Commerce, 2013).

Currently, tilapia culture in the US is rising in outdoor ponds as well as in indoor
systems for sale as live food fish to restaurants and supermarkets. By 2005, there were 156
tilapia farms in the United States, reporting total sales of $31.3 million (USDA, the last
Census of Aquaculture, 2006). The biggest farms providing sources of broodstocks and
tilapia products are located in Hawaii (19 farms), Florida (18 farms), and California (15

farms) (National Agricultural Statistics Service((NASS), 2006)



1.1.3. Blue tilapia (Oreochromis aureus)

Blue tilapia (Oreochromis aureus), also
known as Israeli tilapia, is a common species for
aquaculture worldwide. Oreochromis aureus, a
benthopelagic fish, lives in both freshwater and Figure 1. Blue tilapia (O. aureus)
brackish environments, but it is mostly common in freshwater. Few can live in marine waters.
Even though it orginaated from the tropics and subtropics, it mostly occurs at temperatures
ranging from 8 to 30° C (47 to 86° F). It can tolerate a water temperature up to 41° C (106°
F). Oreochromis aureus can adapt to many different types of habitats and occurs in open
waters as well as in densely grown environments. It lives in lakes, streams, ponds, and
impoundments. Compared to many other tropical fish species, it is fairly cold resistant with
the lowest lethal temperature being at 8° C (46° F). Thus, Oreochromis aureus is the most

cold-resistant species among commercially produced tilapias around the world (Sarig, 1969;

Caulton, 1982; Mires, 1995).

1.1.4. Hornorum tilapia (Oreochromis hornorum)

Hornorum tilapia (Oreochromis hornorum) is
called Zanzibar tilapia or wami tilapia. It is not
growing as fast as Oreochromis niloticus, but it is
more salt-tolerant, thus can be cultivated in brackish Figure 2. Hornorum tilapia
marine water as well as in traditional freshwater growing units. It is a good choice for farmers
wanting to utilize brackish environments. The hornorum is food-flexible species, capable of
utilizing a wide range of different food sources from detritus (decomposing organic matter) to
invertebrates, and readily eating algae and other plants. It prefers temperature at 22-26° C
(72-79° F). O. hornorum is an important contributor of genetic materials in the production of

hybrids by fish breeders in the process of developing new strains for tilapia aquaculture. The

4



genetic materials of O. hornorum can remain in the long rows of hybrids and strains.
Moreover, the hybrid of hornorum will produce most male and few female. For example, F1
hybrid crossed with Oreochromis mozambicus (a female mozambicus and a male hornorum)
result in nearly 100% male offspring (Lambert, 2011)

1.1.5. Greenwater tank culture of tilapia

Greenwatertank culture is a culture system in which water is in green color due to
enhanced development of photosynthetic algae. Greenwater tank culture is an easy
technology to learn and manage. It works effectively based on the fertilizer from the tilapia to
grow natural algae. Algae are at the base of the entire aquatic food chain, and support the
production of renewable resources. The function of the system depends on the nitrifying
bacteria suspended on organic matter. Phytoplankton uptakes the ammonia, serving to
improve the water quality and help to create microbial proteins that are grazed on and utilized
for nutrition by the fish (Kochba et al., 1994). Greenwater tank can be applied with different
sizes and shapes of tanks, different filtratration methods, and feeding strategies to achieve
high production with minimized water exchange and maximum nutrient utilization (Martin et
al., 2000). Moreover, as it contains bacteria and planktons, which is a nutrient cycle for
tilapias, the green water tank system reduces cost for feeding and allows the use of enriched
nutrient at the bottom for the production of some agricultural produce such as basil and
tomatoes.

Therefore, greenwater tank culture of tilapia can be a profitable auaculture system due
to its high productivity, reasonable capital and operational cost. The cost for this system is
cheaper than any other indoor systems (Alam, 2006; Cole et al., 1997; Martin et al., 2000).
1.2. Muscle Growth and Development in Fish

In fish, the muscle is composed of two main fiber types: red and white. Red fibers

(slow-red muscle, with oxidative metabolism and slow contraction) appear in lateral zone



beneath skin. They are associated with the small fibers size (25 — 45 um) and contributed 10
— 30% of the myotomal muscle (Sanger and Stoiber, 2001). White muscle fibers (with
glycolytic metabolism and fast contraction), representing at least 70% mass of body, are the
main factor contributing to growth and development in fish. Fast-white muscles are dominant
in cross-section of the skeletal muscle along the length of fish, from the peak of anterior part
to the end of caudal part (Zhang ef al, 1996). The fast- white muscles have the largest
diameters: 50- 100pm or higher (Roy et a/, 2012; Sanger and Stoiber, 2001). In some species,
a zone of pink fiber (intermediate- pink muscle) appears between the red fibers and mass of
the muscle system consisting of white fibers as is shown in Fig. 1.1. Intermediate-pink fibers
run along the body axis as the slow- red fibers. Figure 1.1 (a) illustrates the dorsal view of
fish muscle. Slow- red muscle forming a longitudinal band runs down the midline of each
fish side. Fast- white muscle is arranged epaxial and hypaxial to the slow- red muscle band.
As shown in the transversed- section of fish (b), the V shape bands are lateral slow- red
muscle, while the bulk of the myotome is fast- white muscle. The intermediate- pink muscle

locates between these layers.

(C))
(b)

Figure 1.1. Illustration of muscle fiber type distribution in fish. Adapted from (a)
Rome et al, 1998; (b) Johnston et al, 1975.

1.2.1. Myogenesis

Myogenesis is the formation of muscular tissue, especially during embryonic

development. All embryonic muscle development from the cellular compartment called



somites, which are along the body axis and are separated by the notochord and neural tube.
Cells of somites became to differentiation into myotome forming different types of muscel
fibers. These special transcriptions depend on the activation of myogenesis factors called
myogenic regulatory factors (MRFs) (MyoD, myogennin, myf5, and mrf4) (Hinits et al,
2009). A population of mononuclear myogenic progenitor cells (MPCs) called adaxial cells is
precursors to the slow and the muscel pioneers cells. MPCs locate at both sides of the neural
tube and notochord, and during postembryonic musle development, most of myogenic cells
come from the dermomyotome (DM), a temporal epithelial structure of the somite (Kimmel
et al.. 1990; Devoto et al, 1996)). At the dermomyotome, myogenic precursors express Pax3
and Pax7 genes, which are required for normal postembryonic myogenesis. Development and
growth of muscle depend upon the activity of myogenic cells. Activation of embryonic and
fetal myogenic cells is a main factor to form new muscle fibers. Myogenesis plays an
important role during development to achieve the ultimate size of animal. Figure 1.2 shows
the main events of myogenesis in teleost fish. The myogenic progenitor cell (MPC)
population orginated from the pluripotent stem cells contributes to the generation of
myoblasts, leading to formation of new muscle fibers. By activation of hepatocyte (Growth
Factor/ Scatter Factor (HGF/SF), MPCs undergo asymmetric division to regenerate the MPC
and to provide a daughter cell commited to terminal differentiation (Horsley and Pavlath,
2004; Johnston, 2006). Markers for MPC include c-met (the receptor for HGF/SF), paired-
box protein 7 (Pax-7), and the transcription factors, sox-8 and Fox-K1. The proliferation of
the MPC progeny is controlled by positive and negative signalling pathways. While the
proliferation of the MPC progeny occurs when proliferating cell nuclear antigen (PCNA), a
DNA polymerase d associated peptide, is upregulated. Myostatin — II, a negative muscle
growth regulator, may negatively regulate the proliferation of MPCs (McCroskery et al.,

2003).. Upon cell cycle exit probably through cdk inhibitors such as p21, the MPC progeny



begin the differentiation process with the expression of the MRFs and MEF-2 gene family
members. When fish grow up to 40% in length, myoblasts in fast muscle can fuse to form
short myotubes. Myotube extension starts from short myotubes by additional myoblasts fuse
in a myoblast-myotube fusion event. Then, newly forming myotubes start the myofibrillar
genesis program and mature into muscle fibers. Insulin-like growth factor I (IGF-I) and IGF-
II signaling pathways may control the fiber mass regulation through the regulation of protein
synthetic pathways. During any growth stages, The MPC can fuse with muscle fibres
(myoblast—muscle fibre fusion) to supply nuclei to hypertrophic muscle fibers, and this is
required to maintain the nuclear cytoplasmic domanin size within certain limits during the

muscle development in length and diameter.

Figure 1.2. A model describing the main events of myogenesis in teleost skeletal
muscle. Adapted from Jonhston (2006).



1.2.1.1. Phases of myogenesis in teleost

Teleost’s myogenesis can be divided into three main phases: embryonic myogenesis,
stratified hyperplasia, and mosaic hyperplasia (Higgins and Thorpe, 1990; Stoiber et al.,
1998). Embryonic myogeneis is characterized by a formation of primary myotome from cells
at the paraxial mesoderm and establishment of muscle layers, consisting of slow red, pink,
and fast white muscle fibers. The embryonic myogenesis can be separated into two parts.
Before the formation of somite, myogenic precursor cells (also called adaxial cells) located
next to notochord, migrate mediolaterally to the surface of myotome to form superficial
muscle layer called dermomyostome (DM), which gives rise to slow fibers and myogenic
precursor cells. After the formation of the superficial slow muscle layer, lateral paraxial cells
develop into primary myotomes, consisting of mostly fast muscle fibers, in somites fibers. In
teleosts, maternal mRNA transcripts (maternal effects) drive development until the mid-
blastula transition when zygotic transcription is initiated. The embryonic slow and fast
muscle orginated from myoblasts begin to be commited to a myogenic progenitor cell
population towards the end of gastrulation. Figure 1.3(A) shows the embryonic phase of
myogenesis at the end of segmentation (751h. p. f) on the rostral somites of an arctic charr
embryo (large benthic morph). Pax7 transcripts (arrowhead) are present in the lateral margin
of the myotome and extend along the position of the major horizontal septum with more

intense staining in the dorsal area of the spinal cord.

The second phase of hyperplasia, called stratified growth, occurs in the embryo and
young larva stage, and is characterized by a large increase in fiber number in all muscle
layers by adding new muscle cells between the existing muscle fibers. Especially, in the
white muscle layer, at an early larva stage, more new muscle fibers are added ( Rowlerson
and Veggetti, 2001). Furthermore, some intermediated pink muscle is also added between the

slow red and white muscle fiber zones. (Stoiber & Sanger, 1998). Therefore, the second



phase is a continuation of embryonic myogenesis that completely forms the definitive muscle
layers (slow- red, intermediate-pink and fast- white). Figure 1.3 (B) demonstrated the
stratified hyperplasia in the apical regions of the fast muscle layer of the myotome in an arctic
charr juvenile, 4.5 cm fork length.

In most species, mosaic growth is likely to begin only after the fish have entered the
larval period (Rowlerson and Veggetti, 2001). It is the recruitment of new fibers from
existing fibers dispersed throughout the myotome. In this phase, new fibres are produced
through the activation and proliferation of myogenic precursor cells (MPC) that are widely
scattered throughout the myotome (Rowlerson et al., 1995). Withdrawing from the cell cycle,
myogenic cells fuse to form myotubes on the surface of existing muscle fibres . This process
is usually termed mosaic hyperplasia, which increases the total fiber number largely during
juvenile growth. Therefore, the mosaic phase is very important, affecting the size of
commercial aquaculture species. Figure 1.3 illustrated the three main phases of myogenesis in
the fast myotomal muscle of the artic charr. In aquaculture fish species, mosaic hyperplasia is
the most important quantitive phase of myogenesis and muscle growth because it will help
fish getting bigger in size by forming new muscle fibers to muscle growth. Figure 1.3 (C)
illustrates the mosaic hyperplasia appearance in the fast muscle of a piscivorous arctic charr
morph 35.8 cm fork length (Johnston, 2006). Smaller fibres surround bigger fast fibres (f) at
different stages of growth. The fibres labelled (a) and (b) are 14 and 18 pm diameter,
respectively. Filled arrowheads represent myonuclei and unfilled arrowheads connective

tissue nuclei.
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Figure 1.3. The three main phases of myogenesis in the fast myotomal muscle of
the arctic charr: embryonic (blue arrow), stratified hyperplasia (orange arrow) and
mosaic hyperplasia (mauve arrow). Abbreviations: nt, notochord; sc, spinal cord: sk,

skin. Adapted from Johnston, 2006.

1.2.1.2. Myogenic regulation factors (MRFs)

The proliferation and differentiation of myogenic precursor cells or fusion of
myoblast for formation of myofibers are controlled by members of the myogenic regulation
factors (MRFs) (myoD, myogenin, myf5 and MRF4) (Megeney and Rudnicki, 1995;
Rudnicki and Jaenisch, 1995). MRFs are transcription factors belonging to the basic helix
loop helix (bHLH) domain containing proteins that bind to E-box consensus promoter
elements (CANNTG) of many skeletal muscle-specific genes (Emerson, 1990; Fujisawa-
Sehara et al., 1992). The ordered expression of specific MRFs is the main factor controlling
skeletal muscle growth and development. MyoD and Myf5 have an effect on the proliferation
of the myogenic progenitor cells toward a myogenic lineage, while myogenin and MRF4

control myoblast fusion and differentiation to form myofibers (Hints et al., 2009; Megeney
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and Rudnicki, 1995; Rudnicki and Jaenisch, 1995). Especially, the forming of new fibers or
enlargement of fibers will directly be regulated by the sequential expression of members of
the myogenic regulatory factors. High level of expression of MRFs is an important
contributor to the hyperplastic growth in juvenile carp and trout (Kobiyama ef al., 1998). The
presence of MyoD and myogenin are essential factors to growth and development of fish
from embryo to adults, promoting the formation of muscle fibers (Steinbacher et al., 2007;
Zhang et al., 2006). MyoD plays an important role in balancing muscle differentiation and
proliferation during embryonic stage (Zhang et al., 2010).
1.2.2. Muscle hyperplasia and hypertrophy

In vertebrates, skeletal muscle is the main factor contributing to the body weight, and
animal’s size is probably limited by the growth and development of muscle fibers. The
growth and development of muscle is through a combination of hyperplasia (increasing the
number of fibers by formation of new fibers) and hypertrophy (enlargement of existing
muscle fibres) (Stickland, 1983). Fig.1.4. illustrate the process of hyperplasia and
hypertrophy. In mammals, hyperplasic growth happens only in the embryonic stage, and
postnatal growth is via hypertrophy only (Goldspink, 1972). In fish, unlike mammals, both
hyperplasia and hypertrophy contribute to post-larval muscle growth. In some fish species,

hyperplasia continues throughout their life, thus an important factor deciding the size of fish.
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Figure 1.4. Illustration of hyperplasia and hypertrophy (Wikipedia.org)
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1.2.2.1. Hypertrophy

Hypertrophy is the enlargement of existing muscle fibers. It occurs during post-
embryonic stage of fish and continues until the fish reach to the maximum diameter in muscle
fiber size: 100 - 300 pm for fast white muscle fibers (Rowlerson & Veggetti, 2001). The
change in the rate of growth is affected by the rate of hypertrophy at various life stages of
fish. Muscle fibers need to add more nuclei to enlarge for the maintenance of nuclear
cytoplasmic ratio. The resulting addition of nuclei increases the growth potential and
synthetic capability of the muscle cell, allowing it to add more myofibrils and thus increase in
size. The new nuclei are supplied by the proliferation of a population of myogenic cells. The
divided myognic cells fuse with existing muscle fibers to provide the additional nuclei.
Myogenic progenitor cells, analogous to the satellite cells in the adult mammalian muscle, are
responsible for postembryonic growth in teleosts. However, in teleost fish, satellite cells are
not always found beneath the basal lamina of muscle fibres (Veggetti et al., 1990), indicating
a difference from the mammalian satellite cells. These cells, thus, need to be called just

myogenic progenitor cells or myosatellite cells rather than satellite cells.

1.2.2.2. Hyperplasia

Hyperplasia is the increase in the number of muscle fibers through the formation of
new fibers. Hyperplasia not only respond to the stimulation of forming new muscle fiber by
adding more muscle fiber in fish growth, but also contribute to forming new muscle fibers to
replace destroyed muscle caused by chronic inflammatory orphysical damage, or disease. It is
well established that in fish hyperplasia occurs in the early development of ontogeny and last

throughout the life of fish.

Many teleost species have distinct intensive mosaic growth. However, in some fishes,

mosaic hyperplasia is lacking, and this the reason why they still keep small size without
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continuing growth throughout life like the guppy, Peocilia reticulate (Weathlerly et al, 1988,
Veggetti, 1993). Prolonged muscle hyperplasia in fish is the mechanism by which fish grow
continually throughout their life even though the growth rate is decreasing at later stages of
growth. Studies have shown that in many species of fish, the fish growing by hyperplasia
will grow faster and reach to a greater length than fish that grow mainly by hypertrophy
(Weatherly, et al, 1979; Weatherlet and Gill, 1984; Higgins and Thorfe, 1990; Kiessling,
1991; Vegetti, 1993). The number of newly forming muscle fibers were dependent upon
growth stage andspecies (Weatherley et al, 1979). Hyperplasia will decrease as fish age
(Alfei et al, 1994). In fish that maintain small size in adult because of missing mosaic
hyperplasia, hyperplasia stops in early developmental stages as compared with fish showing
indeterminate growth (Weatherley, et al, 1988). In fish growing to a big size, the muscle
recruitment continues for a long period along with muscle hypertrophy. According to a study
by Silva in 2003, in Nile tilapia, hyperplasia was the main contributor to muscle growth and
development at earlier stages of fish growth, and in the later stage, the muscle growth was
controlled mainly by hypertrophy. Nevertheless, hyperplasia contributed to muscle growth
until fish reached to adult sizes.

The mosaic hyperplasia generally occurs after the larval period (Rowlerson and
Veggetti, 2001). Latest research show that stratified growth during the second phase
myogenesis depends upon myogenic cells from the dermomyotome (DM), a short-lived
epithelial structure of the somite (Buckingham, 2006; Bryson &Currie, 2008). According to
the results from Steinbacher (2006) with trout and Aguiar (2008) with tilapia, at the mosaic
hyperplasia, myogenesis regulatory factors continue contribution to the muscle forming and
increasing in size, especially by MyoD and myogenin. Later stage, post-larval stage of
skeletal muscle is contributed to the proliferation and differentiation of muscle by satellite

stem cells ( in mamals) or myosatellite cells (MCs) (in fish) (Fauconneau and Paboeuf, 2001
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which provide the essential nuclei for hyperplasia and hypertrophy (Johnson, 1999). Figure
1.5 illustrated a model for the cellullar basis of muscle growth in fish. Muscle stem cells exit
to the GO phase of the cell cycle, be activated and go to the asymmetric division to regenerate
the initial stem cell and a “producer cell”. Producer cells proliferate into the myoblast
committed to terminal differentiation. These myoblast may be absorbed to the existing fibers
for maintaining nuclear cytoplasmic domain during hypertrophy or they can form a myotube

by fusing together on the surface of the existing fibers.
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Figure 1.5. A model for the cellular basis of muscle in fish. Adapted from Johnston,

1999.

1.2.3. Myosatellite cells

In teleost fish, the development and regeneration of skeletal muscle during the
postlarval stage depend upon the population of resident myogenic precursors named
myosatellite cells (satellite cells in mammals). The initial pool of myosatellite cells support
to the synthesis of new fibers as well as the englarment of existing fibers. They provide the
additional nuclei to muscel fiber to increase in size (hypertrophy) (Allen et al., 1979;

Campion, 1984). Fiber hyperplasia results from a continuous proliferation of myosatellite
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cells and their fusion into new myofibres (Allen et al., 1979; Koumans et al, 1993; Rowlerson
and Veggetti, 2001).

Mammalian and avian satellite cells are small spindle shaped myogenic cells situated
between the sarcolemma and the basal lamina that surrounds every muscle fiber (Mauro,
1961). In fish, myosatellite cells are mononucleated cells containing little cytoplasm
containing free ribosomes and polysomes and very little organelles. In contrast with the
myofibers have the larger euchromatic nuclei; myosatellite cells have a heterochromatic
nucleus (Koumans et al., 1990). They located closely apposed to a myofiber and were
coversed by the basal lamina of the myofiber. (Koumans et at., 1990; Romanello et at.,
1987; Willemse and van den Berg, 1978). In longitudinal section, myosatellite cells present
as elongated spindle shaped cells along the fibers (Johnson et al, 1998). Also having similar
roles of satellite cells to muscle growth in mammals and birds, myosatellite cells are
considered to play an important role in postlarval muscle growth in fish. It appears at the late
stage of development and plays a role as the myogenic precursors. In the early post larval
period, myosatellite cells supply myonuclei to growing skeletal muscle. Later stage,
myosatellite cells are the main source to the post larval hypertrophy and hyperplasia or
regeneration muscle growth (Alfei ef al., 1994; Romanella et al., 1987; Veggetti et al., 1990;
Williemse and vab den Berg, 1978)). They supply the new myonuclei for the homeostatic
growth, hypertrophy induced byexercise, repair, or fuse together to form new myofibers for
regeneration. To maintain a viable stem cell pool to respond to repeated demand,
myosatellite cells can do proliferation. Research on the rainbow trout shown that
myosatellite cells can proliferate 20 — 60% day™ (Greenlee ef al., 1995a; Rescan et al., 1995).
When muscle are injured, myosatellite cells will become active and go to the regeneration.
Myosatellite cells actively differentiate firstly in into the almond, and then spindle shaped

cells. They migrate and form small or very large bundles of aligned cells starting to fuse
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either into the multi nucleated myotubes or with the ends of damaged muscel fiber in few
days. In Xenopus tadpole’s tail and zebrafish, myosatellite cells had important role in muscel
regeneration after amputation (Kawakami, 20120; Rodrigues et al., 2012). The percentage of
myosatellite cells declined with aging and size: from about 6% at the of 5 cm standard length
(SL) to less than 1% at the size of larger than 18 cm SL in carp (Koumans, al et. 1991). In
rainbow trout, the percentage of myosatellite cells decline from 7% to 3% when fish getting
bigger (Alfei et al., 1989).

Many markers are used to identify the presence of myosatellite cells: Myocyte
nuclear factor (MNF), Pax7, MyoD, BrdU, myf5. However, according to many researchs
relate to the role of Pax7 in mammals, pax7 appears to be the most suitable marker to study
the presence of myosatellite cells in muscle fiber. It is a Pax7 protein is expressed by satellite
cells, but not by myofiber nuclei or non-myogenic cell types present in the adult muscle
tissue (Halevy et al., 2004, Shefer et al., 2006; Seale et a./, 2000). Pax7 protein expression
and upregulate the expression of MyoD, a muscle specific transcription factor proliferate
progeny of satellite cells, myoblasts, ., Pax7 also express on diminishes in differentiating
myoblasts, Day et al., 2009; Yablonka-Reuveni et al., 2008). Pax7 can activate myosatellite
cells from quiescence, and the presence of Pax7 is essential for the survival of myosatellite

cells.

1.2.3.1. Pax7

An important gene expressed in satellite cells is pax7 (Seale et al., 2000; Halevy et al.,
2004). Pax7 is a member of the paired homeobox gene family of developmental control
transcription factors with nine members. Pax genes are important factors to contribute to the
formation of tissues and organs at embryogenic period, and each member controlsthe
development of specific cell lingeages. Pax7 presents in SCs throughout the body to

contribute for muscle regeneration in adult. Pax7 includes three conserved protein domains, a
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DNA-binding domain or the paired domain, a paired-type homeodomain and an octapeptide
(Jostes et al., 1990). In vivo, Pax7 expresses on adult muscle stem cells during injury-induced
regenerative myogenesis. In the electric fish S. Macrurus, the presence of Pax7-positive
myogenic stem cells were found in adult muscle tissue and non-contractile elelctrocytes, and
it was also demonstrated that the Pax7-positive myogenic cells give rise to new muscle fibers
to regenerate the skeletal muscle after tail amputation (Weber, at el, 2012). Pax7 also have
shown to up-regulate the MRFs in injured fibers in zebra fish, leading to the formation of
many newly formed small diameter fibers at the site of injury (Seger et al., 2011). Pax7 plays
an important role in self- renewal via MyoD suppression and induction of cell cycle exit
(Olguin and Olwin, 2004).
1.2.4. Myostatin

Myostatin (MSTN), a member of the transforming growth factor- (TGFR)
superfamily, is a key protein that regulates vertebrate muscle growth and development. The
MSTN gene, expressed mostly in skeletal muscle, was first identified in mice by McPherron
et al. (1997) and has been illustrated as a negatively regulated gene to skeletal muscle
growth in several mammalian species. In mammalian , by preventing myoblast cell cycle
progression, MSTN inhibits muscle growth and affects both fiber hyperplasia and
hypertrophy. MSTN shown having the effects on myogenesis from early into embryonic
development (Amali et al., 2008; Rodgers and Garikipati, 2008 ). Unlike mammals where
only one MSTN gene is present and express on muscle, teleosts conserve at least two
paralogs ( MSTN-1 and MSTN-2) that are independently regulated in a range of tissue types
having a diverse array of functions (Rescan ef al., 2001; Garikipati et al., 2006, 2007).
Research on trout showed the role of two MSTN on muscle: MSTN 1 affected in trout tissues
and expressed in muscle while MSTN 2 is preferentially expressed in muscle and was subject

to considerable regulation, depending on the fibre phenotype and the physiological status of
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the animal (Rescan ef al., 2001). In salmonid teleosts, there are two prologues per gene
(MSTN la/b, MSTN 2a/b) and MSTN 2b is a psuedogene (Kerr et al. 2005; Garikipati et al.
2007). In adult mammals, MSTN downregulates several MRFs and prevents the transition of
myoblast from G1 to S phase of the cell cyscle (Langley et al, 2002; Thomas et al.,, 2000)
to inhibit the additional nuclei to muscle hypertrophy and hyperplasia. In fish, MSTN inhibits
the activity of myosatellite cell proliferation and consequently differentiation. It is also an
inhibitory role in hyperplastic muscle growth in zebrafish (Garikipati and Rodgers, 2012; Xu

et al., 2003).
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CHAPTER 2. SOMATIC GROWTH CHARACTERISTICS OF TWO

TILAPIA SPECIES: OREOCHROMIS AUREUS AND OREOCHROMIS HORNORUM

2.1. Abstract

Demand for tilapia is growing fast in the United States, positioning tilapia as the
second best-selling fish in retail stores behind salmon. In Hawaii, Oreochromis aureus and
Oreochromis hornorum tilapias are easily available, but currently, little is known about the
somatic growth characteristics of the two tilapia species. Therefore, we designed a study: 1)
to examine the growth characteristic of two tilapia species (O. aurea and O. hornorum), 2) to
examine the biochemical characteristics related to somatic growth in two tilapia species at
different growth stages. Tilapia were raised in outdoor green water tanks in Magoon Facility,
UH Manoa. Body weight and length were monitored during the 12 month grow-out period.
Skeletal muscle samples were collected at 4, 7, 10 and 12 months from each species, and
were frozen immediately in liquid nitrogen for later analysis.. O.Hornorum grew faster than
O.Aureus during 12 months growth period. A wide variation in body weight was observed in
both species with the coefficient of variation being 19.8% for O. aureus and 24.9% for O.
hornorum, respectively. O. hornorum fillet harvested at 12 month had significantly higher
protein (20.0% vs. 17.9%) and fat percentage (0.93% vs. 0.71%), but lower percentage of
water (78.0% vs. 80.4%) than O. aureus fillet harvested at 12 month without any significant
difference in ash percentage. SDS-PAGE analysis showed that little degradation of muscle
proteins happened during cold storage for 7 days. Muscle RNA and DNA concentrations of
O. hornorum and O. aureus declined as they grow in size. Muscle DNA concentration of O.
aureus was higher than that of O. hornorum regardless of growth stages. However, O.

hornorum had higher muscle RNA concentration and RNA:DNA ratio than those of O.
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aureus regardless of growth stages. Since RNA concentration and RNA:DNA ratio are
closely related to protein synthetic capacity, it is speculated that differences in protein
synthetic capcity contributed to the difference in growth rate between the two tilapia species.
In order to understand the mechanism(s) underlying the difference in growth rate between the
two species, future studies need to examine the contribution of muscle hypertrophy and
hyperplasia at various stages of in each species, as well as investigating the contribution of
genes invoved in the regulation of muscle growth and development. Results of this study
provide somatic growth characteristics of O. aureus and O. hornorum, the two easily

available tilapia species in Hawaii.
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2.2. Introduction

Tilapia is a member of the Cichlidae family, and can live in both fresh and brackish
water. Tilapia can adapt to diverse habitats such as ponds, lakes, rivers, cages and tanks , and
they can be raised in a monoculture system, as well as in combination with other aquatic
species (carps, trouts and shrimps) or plants (grapes, wheat, olives, barley, cotton, melons
and rice) (Boyd, 2004; Frei et al., 2007; Rothuis et al., 1998; Yang et al., 2003). Tilapia also
grow well in a variety of production systems from extensive to intensive systems partly
because they are on a lower trophic level in feed requirement than most other aquaculture
species: no requirement of fish meal or other animal proteins in their diet and no antibiotics
or vacicine for streptococcus infection.

Tilapia is the second most widely-cultured fish after carp and farmed over 100
countries around the world with the global production more than 3.5 million tons in 2010
(FAO reports). The global supply of farmed tilapia started in the 1990s, and the US is the top
country consuming and importing tilapia around the world (Imports and Exports of Tilapia,
USDA, 2010). Demand for tilapia continues to increase in the US: just in the first ten months
of 2010, total import value was $760,000,000, an increase of more than 15% as compare to
2009, and imports to the US in 2011 valued at US$ 838 million (Department of Commerce,
2012) and reached US$ 969 million in 2012 (U.S. Department of Commerce, 2013) .

It is very little known about the cellularity of muscle growth in tilapia or the
expression of genes related to muscle growth and development. According to a study by Pai-
Silva et al. (2003), in which the muscle growth of Nile tilapia was investigated from larva
(0.04 gram) to adult size (414 +£137.49 grams), hyperplasia was the main contributor to
muscle growth and development at an early stage of fish growth, but in the later stages, the
muscle growth was controlled mainly by hypertrophy. However, the hyperplasia still

contributed to muscle growth until fish reached to the adult size. Currently, not much is
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known about the growth characteristics of O. aureus and O. hornorum, the two easily
available tilapia species in Hawaii, as well as the factors controlling muscle hyperplasia in
tilapia. Therefore, a study was designed 1) to examine the growth characteristic of two tilapia
species (Oreochromis aurea and Oreochromis hornorum), 2) to examine the biochemical
characteristics related to somatic growth in two tilapia species at different growth stages, and
3) to do proximate analysis of fillet and SDS — PAGE analyis of fillet during cold storage.
2.3. Materials and methods
2.3.1. Animal care and sample collections

Blue tilapia (Oreochromis aurea) and hornorum (Oreochromis hornorum) were
obtained,at the fry stage from the CTAHR Freshwater Aquaculture and Aquaponics Research
and Extension Facility at Winward Community College, Oahu, Hawaii. The fry were placed
into separate tanks (blue tilapia, March 20" 2012 and hornorum, April, 3rd, 2012). Fish were
reared in a green water condition, and were fed live Moina spp. ad libitum twice daily for a
month, then with commercial feed (50% protein) at Windward Community College facility.

After 5 months (September 27", 2012), fish were moved to Hale Tuahine (Magoon
facility, University of Hawaii at Manoa’s campus), Ohau, Hawaii, and males fish of each
species were randomly arranged into three outdoor 500 L tanks with the density of 250
fish/tank. Tanks were continuously aerated with about 20% daily exchange of water by
overflowing. Fish were fed commercial feed (30% protein) once daily. Water environmental
factors were measured weekly. Samples were collected at 4, 7, 10 and 12 months
afterstarvation for 24 hours before sampling. Around 30% fish (70 fish) in each tank were
randomly selected, and placed into a tank containing 3% ethyl ethanol for few seconds to
anesthetize the fish before measurement of weight and length. Some fishes after the weight
and length measurement were randomly chosen for muscle sampling. At four months of age

when fish were too small to collect enough muscle tissue for biochemical analysis, around 25
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fishes were selected for each group, and 10 fish were collected at 7, 10 and 12 months),).
Selected fish were transferred to laboratory and sacrificed, and muscle tissues were collected
at the dorsal location with all bone and skins removed. Muscles samples were immediately
snap frozen in liquid nitrogen at -196°C and stored in -80°C freezer for later use.
2.3.2. Proximate analysis

Moisture and lipid contents were determined according to AOAC methods (AOAC:
Association of Official Analytical Chemists), 1980). Ash content was determined as the
residue after combustion at 480°C for eight hours. Protein concentration was estimated by the
difference between the weight of moisture, ash and lipid and the total sample weight.
2.3.2.1. Sampling procedure

Fillets (six fish for each species) were quickly ground by meat grinder and thoroughly
mixed. Then, samples were rapidly transferred to zip lock plastic bags to make sure that no
air were left inside and stored in a freezer at -80°C for later analysis.
2.3.2.2. Moisture determination

Samples were weighed into aluminum dishes, and spread across the bottom of the pan
and dried in a forced air oven at 100°C overnight. Then, samples were removed from the
oven to a desiccating unit. After cooling in the desiccating unit at room temperature, samples
were weighed, and moisture was calculated using the following equation: moisture (%) =
(loss in weight x 100)/ weight of sample
2.3.2.3. Fat determination

After moisture measurement, dried samples with aluminum dish were wrapped in a
filter paper. Wrapped samples were placed into a Soxhlet extraction thimble, and fat
extraction was performed using petroleum ether for 6 hours. After extraction, the petroleum
ether in samples were evaporated in a hood overnight and dried in oven at 100°C for 3 hours

to remove moisture. Samples were cooled again in desiccating unit at room temperature, then
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samples were weighed and weight of fat was estimated with the following equation: % Fat =
(Weight of fat x 100)/ weight of sample
2.3.2.4. Ash determination

About 2-3 g of samples was weighed into porcelain crucibles. The crucibles
containing samples were placed in a furnace for combustion at 480° C for 8 hours, then
cooled overnight inside the furnace. Crucibles were moved in a desiccating unit to cool at
room temperature, and samples were weighed to estimate the ash content: % Ash = (ash
weight/ sample weight) x 100.
2.3.2.5. Protein determination

% protein was estimated with the followed equation: % Protein = 100% - (% Fat + %
Moisture + % Ash).
2.3.3. SDS- PAGE analysis of muscle protein degradation during fillet storage

Fillets were removed at dorsal location and preserved in a refrigerator at 4°C to
analyze the protein degradation during 7 days of storage. Samples were collected at 0, 6, 12,
24 hours and at 2, 3, 4, 5, 6 and 7 days. Approximately two grams of samples were weighed
and, then homogenized in 5 times volume (w/v) of PBS buffer . 50 pl of homogenized
samples were mixed with 25 pl of 3X loading buffer, and stored at -20° C until loading. ,
Samples were heated at 100°C for 90 seconds, loaded into a 10% SDS PAGE gel, and
electrophoresis was performed at 20 mA constant current until the samples moved to the end
of the gel, followed by staining with Comassive blue.
2.3.4. Determination of nucleic acid concentrations

Muscle DNA and RNA concentrations were determined by the method described by

Munro (1966).
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2.3.4.1. Separation of DNA and RNA in muscle

About 0.2 grams of samples were weighed and homonized in 4 ml of ice-cold distilled
water. 1 ml of homonized sample was mixed with 0.5 ml of of ice cold 0.6 N PCA to make
final concentration 0.2 N of PCA. Pellets were collected by centrifugation and washed two

times with 0.4 ml of ice-cold 0.2 N PCA. The pellets were supended in 0.8 ml of 0.3 N KOH

and incubated for 1 hour at 37°C in shaking water bath until the pellets were completely
dissolved. The tubes were immediately cooled in ice, and were added with 0.4 ml of ice-cold
1.2 N PCA in order to precipitate the DNA and protein, then incubated on ice for 10 min,
followed by centrifugation for 15 minutes in a refrigerated centrifuge. Supermatant was
decanted and saved for the measurement of RNA. The pellet were washed two times with 1
ml of ice-cold 0.2 N PCA. The washings were added to the supernatant of the previous
washings and used for RNA determination ,while the pellet was used for DNA determination.
2.3.4.2. The determination of muscle RNA

One ml of the supernatant containing RNA extract was diluted with 3 ml of 0.2 N
PCA, and the absorbance was read at 260 nm, and sample RNA concentrations were
estimated using the standard curve
2.3.4.3. Microchemical DNA determination

The pellets were dissolved in 1 ml of 0.3 N KOH by warming at 37°C for 25 min.
Samples were cooled on ice, and added with 2 ml of H,O. 1 ml of standard or sample was
placed into a glass test tube, and added with 0.5 ml of 0.04% indole and 0.5 ml of 6 N HCI.
Then, samples were heated in a boiling water bath for 12 min. Samples were rapidly cooled
in ice and extracted three times with 2 ml of chloroform. Absorbance were read at 490 nm,

and sample DNA concentrations were estimated using the standard curve .
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2.3.4.4. Data analysis

The one way ANOVA procedure was performed using Prism5 software (Grapad, San
Diego, CA) to examine the effects of species on growth, proximate composition, RNA, DNA
and RNA/DNA ratio.
2.4. Results and Discussions
2.4.1. Growth characteristics of O. aureus and O. hornorum

Body weight and length and condition factors of O. aureus and O. hornorum at
various stages of growth were shown in table 2.4.1.1. The body weight and length growth of
O. hornorum were much faster than those of O. aureus during the 12 month grow-out period,
reaching 288 g vs. 178 g and 25.3 cm vs. 22.3 cm at 12 month (Table 2.4.1.1, Fig. 2.4.1.1 and
Fig. 2.4.1.2). In both species, wide variations in body weights were observed with the
coefficient of variation being 19.8% for O. aureus and 24.9% for O. hornorum, respectively,
indicating that the O. hornorum was more variable in size than the O. aureus. The condition
factor value at 4 month was greater in O. aureus than in O. hornorum (7.41 vs. 4.19), but at 7,
10 and 12 month, O. hornorum had significantly greater condition factor values than O.
aureus.
Table 2.4.1.1 Body weight, length and condition factor value of O. aureus and O.

hornorum (n= 730 for each species, values of standard error are in parentheses)

Weight (grams) Length (cm) CF (k value)

Months O. 0. P 0. 0. P 0. 0. P
aureus hornorum value aureus hornorum value aureus hornorum value

1 0.17 0.29 <

(0.10)  (0.10) 0.001
4 3.53 6.29 < 3.62 531 < 7.41 419(1.07) <
(0.87)  (2.03) 0.001  (0.73)  (0.88) 0.001  (3.37) 0.001
7 21.84  52.03 < 9.17 11.33 < 2.84 3.58(0.44) <
(11.4)  (25.5) 0.001  (1.70)  (2.20) 0.001  (0.51) 0.001
10 94.64  217.40 < 16.88  22.18 < 1.97 1.99 (0.20) <
(349)  (61.5) 0.001  (2.30) (2.20) 0.001  (0.15) 0.001
12 178.17 28791 < 2227 2526 < 1.6 1.75(0.18) <
(35.48) (25.25) 0001  (1.86) (2.37) 0.001  (0.17) 0.001
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Figure 2.4.1.1 Weight growth curve during 12 months

Figure 2.4.1.2. show the length growth of O. aureus and O. hornorum during the 12
month grow-out period. The linear length growth equation was length = 3.1704*month -
9.9684 (R? = 0.9884) for O. hornorum and length = 2.5741*month - 6.2367 (R* = 0.9753) for

O. aureus, indicating that the length growth rate of O. hornorum is faster than that of O.

aureus.
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Figure 2.4.1.2. Length growth curve during 12 months

Figure 2.4.1.3. and 2.4.1.4. show the relationship of weight and length between O.
hornorum and O. aureus. The weight and length relationships of the two species were
analyzed by allometric equation (weight = a*lengthk). The allometric equations were:
Weight=0.0791*lengh ***° and weight=0.180*length>'*° for O. hornorum and O. aureus,
respectively. The shape of the curves indicates that the quantity of weight gain associated
with length increase becomes progressively greater as the fish grow in size. The mass
coefficient of O. hornorum (2.490) was significantly greater than that of O. aureus (2.180),
indicating that the relative rate of weight growth per length growth is greater in O. hornorum

than in O. aureus.
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Figure 2.4.1. 4. Log weight and length relationship during growth

In fisheries science, the condition factor (CF or K value) is used in order to compare

the “condition”, “fatness” or wellbeing of fish. If a fish is heavier than other fish at the same
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length, the fish with heavier weight will produce heavier fillet. Condition factor is also used
as an index to monitor feeding intensity, growth rates, or age and varies depending on sex
and season. Smaller fishes have higher condition factor values while bigger fishes have
smaller values (Bakare, 1970; Fagade, 1979). The condition factor of O. aureus was
significantly greater than that of O. hororum at 4 months, but at 7, 10, 12 months, the
condition factor of O. hornorum was significantly greater than that of O. aureus (Table.
2.4.1.1). Since at the same age, the O. hornorum was much heavier than O. aureus, and body
weight can be a factor affecting condtion factor, we plotted condition factor against body
weight (Fig. 2.4.1.5.). As is shown in the figure, condition factor was rapidly declining as
fishes grow up to 180 g with no noticeable decline afterward. It does appears that the
significantly higher condition factor of O. aureus at 4 months than O hornorum was primarily
due to the much smaller size of O. aureus at this age. As is shown in Fig. 2.4.1.5, the
condition factor values of O. hornorum were generally higher than that of O. aureus across
different weight range.

* O. aureus
61 v O. hornorum

CF

0 200 400 600
Weight, gm

Figure 2.4.1. 5. Relationship between weight and CF from 7 to 12 months
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2.4.2. Muscle DNA and RNA concentrations

Table 2.4.2.1 shows the results of muscle RNA and DNA cocnetrations and
RNA/DNA ratio of the two tilapias at 12 month. Generally, , O. hornorum had significantly
higher muscle RNA concentration and RNA: DNA ratio than O. aureus. Given that RNA
concentration reflects the potential for protein synthetic capacity, it is speculated that the
faster growth of O. hornorum was probably due to a higher protein synthetic capacity
supported by higher RNA concentration. The muscle RNA concentration of O. aureus was
significantly higher than O. hornorum at 4 month, but the concentrations were significantly
lower at 7, 10 and 12 months. Muscle RNA and DNA concentrations declined in both
species as fish grow in size. However, in O. hornorum, muscle RNA concentration at 7
month was higher than that at 4 month, while the muscle RNA concentration continuously
declined with growth in O. aureus. Interestingly, from 4 to 7 month, the body weight growth
was almost 10 fold in O. hornorum, while it was about 7 fold in O. aureus. The muscle RNA/
DNA ratio increased as the fish grow in size in both tilapia species. Similar findings were
observed in red drum and salmon (Rooker, 1996, Azuma, 1998). Between the two species,
O. hornorum had significantly higher value of muscle RNA/DNA ratio than O. aureus along

with higher DNA concentration.

DNA is mainly found in nuclei, and high DNA concentrations generally reflect small
cell size, thus a large number of cells per unit wet weight of tissue. Because of muscle
hypertrophy, muscle DNA concentration generally decreases as fish grow (Pelletier et al,
1995). Studies have shown that muscle DNA concentration is decreasing when skeletal
muscles undergo rapid hypertrophy (Valente L.M.P., 1998, Rosenlund et al. 1983). Muscle
DNA concentration of O. aureus skeletal muscle was higher than that of O. hornorum
indicating that in general the extent of muscle hypertrophy was greater in O. hornorum than

in O. aureus. RNA is related to protein synthetic capacity, thus reflecting the growth rate and
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nutritional condition. The RNA concentration in older fish is lower than that of younger fish,
reflecting the slower growth rate of old fish (Buckley 1980, Bulow 1970, 1987, Clemmesen
1988). Studies have shown that the muscle RNA:DNA ratio is related to the grwoth rate of
fish: the greater the ratio of RNA: DNA, the faster rate of growth (Buckley 1980, Bulow

1970, 1987, Clemmesen 1988).

Table 2.4.2.1. RNA, DNA and RNA/DNA ratio measurement of two tilapias at

12 months (number of observation for each species: 5)

RNA (mg) DNA (mg) RNA/DNA
0. 0. P 0. 0. P 0. 0. P
Month aureus hornorum value aureus hornorum value aureus hornorum value
1.355 1.296 0.0207 0.772 0.658 0.0004 1.756 1.970 <
4 (0.017) (0.011) (0.019) (0.006) (0.024) (0.016) 0.0001
1.225 1428 < 0.538 0.564 0.0010 2.278 2.530 0.0002
7 (0.009) (0.011) 0.0001 (0.005) (0.002) (0.028) (0.025)
0.926 1.140 < 0.535 0486 < 1.734 2348 <
10 (0.008) (0.017) 0.0001 (0.006) (0.009) 0.0001 (0.031) (0.058) 0.0001
0.696 0.827 0.0002 0.355 0328 < 1.965 2.526 0.0001
12 (0.016) (0.014) (0.004) (0.005) 0.0001 (0.060) (0.056)

2.4.3. Proximate analysis

Table 2.4.3.1 summarizes proximate analysis of fillet collected at 12 months. No
significant difference was observed in ash value between the two tilapias. O. hornorum had
significantly higher protein percentage (20.0% vs. 17.9%) and fat percentage (0.93% vs.
0.71%), but lower percentage of water (78.0% vs. 80.4%) as compared to O. aureus. Some
previous studies with the fillet of Nile, red hybrid and blue tilapia also showed similar
proximate composition: moisture: 77- 80%, protein: 16-20%, fat: 0.3-2%, and ash: 0.5- 2%
(Adejonwo , 2010; El- Hawarry, 2012, Mario 2003). Tilapia fillets appears to have higher
protein content with less fat as compared to Atlantic salmon (protein: 13.87 to 15.67%, fat: 3-
4% ) and Pangasianodon hypophthalmus ( protein: 12- 13%; fat: 14- 16%) (Dempson, 2004;

Begum, 2012)
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Table 2.4.3.1. Proximate analysis of fillet of two tilapia species

% 0. aureus O. hornorum P value
Protein  17.88 £0.137 20.03 +0.124 <0.0001
Moisture 80.40 + 0.123 77.98 £0.118 <0.0001
Fat 0.713 £0.015 0.932+ 0.02 <0.0001
Ash 1.012 £ 0.026 1.058 £ 0.018 0.1532

2.4.4. SDS pages analysis of tilapia fillets during cold storage

SDS-PAGE analysis of muscle proteins was performed at different time points during
a week of storage at 4 degree C to examine the degradation of muscle proteins during the
storage. Figure 2.4.4.1 and 2.4.4.3 show the protein degradation of O. aureus, while Figure
2.4.4.2 and 2.4.4.4 show the protein degradation of O. hornorum. The decrease of the bands
intensity both species could reflect to degradation or digestion of myofibriller and
sarcoplasmic proteins by proteolysis during storage (Jasra et al., 2001; Verrez-Bagnis et al.,
1999). Currentresults showed that not much change occurred in the intensity of protein bands
during the 7 day of storage , thereby indicating that proteolysis occurred during ice storage
was of minor importance. . These results are in agreement with some previous studies
reporting that there were not much changes in the protein degradation within a week in fillets
of sea bass Dicentrarchus labrax L., common sole Solea sole, and tilapia and in shrimp

muscles. (Benjakul ef al., 2002; Cheret et al., 2006; Ozogul et al., 2011; Liu et al., 2010).
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Figure 2.4.4.1. SDS PAGE analysis of total muscle protein degradation of O.

aureus during storage on 10% gel
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Figure 2.4.4.2. SDS PAGE of total muscle protein degradation of O. hornorum
during storage on 10% gel
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2.5. Conclusion

The body weight and length growth rates of O. hornorum were faster than those of O.
aureus during 12 month grow-out period. In both species, wide variations in body weights
were observed with the coefficient of variation being 19.8% for O. aureus and 24.9% for O.
hornorum, respectively. Condition factor rapidly declined as fishes grow up. The condition
factor values of O. hornorum were generally higher than those of O. aureus across different
weight range.

O. hornorum fillet harvested at 12 month had significantly higher protein (20.0% vs.
17.9%) and fat percentage (0.93% vs. 0.71%), but lower percentage of water (78.0% vs.
80.4%) than O. aureus fillet harvested at 12 month without any significant difference in ash
percentage. SDS-PAGE analysis showed that little degradation of muscle proteins happened
during cold storage for 7 days.

Muscle RNA and DNA concentrations of O. hornorum and O. aureus declined as
they grow in size. Muscle DNA concentration of O. aureus was higher than that of O.
hornorum regardless of growth stages. However, O. hornorum had higher muscle RNA
concentration and RNA:DNA ratio than those of O. aureus regardless of growth stages.

Since RNA concentration and RNA:DNA ratio are closely related to protein synthetic
capacity, it is tempting to speculate that differences in protein synthetic capacity contributed
to the difference in growth rate between the two tilapia species.

In order to understand the mechanism(s) underlying the difference in growth rate
between the two species, future studies need to examine the contribution of muscle
hypertrophy and hyperplasia at various stages of in each species, as well as investigating the

contribution of genes involved in the regulation of muscle growth and development.
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APPENDIX

Table 1.1. Nutrient composition of tilapia compared to other meats.
*Cholesterol refer to total cholesterol
* Composition of raw tilapia, raw ground beef (85% lean meat/15% fat), and raw

chicken breast, data adapted from ARS, 2009.

Nutrient/100g | Tilapia | Beef | Chicken | Nutrient/100g | Tilapia | Beef | Chicken
Energy, kcal 98 215 114 Vitamin
Protein,g 20.1 18.0 2.50 Thiamin, mg 0.04 0.04 0.08
Total fat, g 1.7 15 2.59 Niacin, mg 3.00 4.05 0.20
Minerals.mg B-12, mcg 1.58 2.17 0.20
Ca 10 15 5 Fatty acide, g
P 170 171 210 Saturaed 0.77 5.87 0.57
Mg 27 18 20 Monounsaturated | 0.65 6.55 0.76
K 302 205 370 Polyunsaturated 0.48 0.43 0.40
Na 52 66 118 EPA 0.007 0 0.002
Se 41.8 15.8 32.0 DHP 0.057 0 0.004
Zn 0.33 4.48 0.58 HHA 0.113 0 0.003
Fe 0.56 2.00 0.37 Cholesterol, mg 50 68 64
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Table 1. 2. Top Ten Seafood (U.S.) per capita (Ibs)

(www.aboutseafood.com/about/about-seafood/top-10-consumed-seafoods.)

Order # 2003 2004 2005 2006

1 Shrimp | 4 Shrimp | 4.2 Shrimp | 4.1 Shrimp | 4.4

2 Tuna 34 Tuna 33 Tuna 3.1 Tuna 2.9

3 Salmon [ 2.219 | Salmon | 2.154 | Salmon | 2.43 [ Salmon | 2.26

4 Pollock | 1.706 [ Pollock [ 1.277 | Pollock | 1.468 | Pollock | 1.639

5 Catfish | 1.137 [ Catfish | 1.091 | Catfish | 1.025 | Tilapia | 0.996

6 Cod 0.644 [ Tilapia [ 0.696 | Tilapia | 0.848 | Catfish | 0.969

7 Crabs 0.609 [ Crabs 0.626 | Crabs 0.643 [ Crabs 0.664

8 Clams 0.541 | Cod 0.603 | Cod 0.572 | Cod 0.505

9 Tilapia | 0.525 | Clams 0.471 | Clams 0.435 | Clams 0.44

10 Scallops | 0.33 | Scallops | 0.332 | Scallops | 0.366 | Scallops | 0.305
Order # 2007 2008 2009 2010 2011
1 Shrimp | 4.1 Shrimp | 4.1 | Shrimp 4.1 Shrimp 4.0 Shrimp 4.2
2 Tuna 2.7 Tuna 2.8 | Tuna 2.5 Tuna 2.7 Tuna 2.6
3 Salmon | 2.364 | Salmon | 1.84 | Salmon 2.04 | Salmon 1.999 | Salmon 1.952
4 Pollock | 1.730 | Pollock | 1.34 | Pollock 1.454 | Tilapia 1.450 | Pollock 1.312
5 Tilapia | 1.142 | Tilapia | 1.19 | Tilapia 1.208 [ Pollock 1.192 | Tilapia 1.287
6 Catfish | 0.876 | Catfish | 0.92 | Catfish 0.849 | Catfish 0.800 [ Pangasius | 0.628
7 Crabs 0.679 | Crabs 0.61 | Crabs 0.594 | Crabs 0.573 | Catfish 0.559
8 Cod 0.465 | Cod 0.44 | Cod 0.419 | Cod 0.463 | Crabs 0.518
9 Clams | 0.449 | Flatfish | 0.43 | Clams 0.413 | Pangasius | 0.405 | Cod 0.501
10 Flatfish | 0.319 | Clams | 0.42 | Pangasius | 0.356 | Clams 0.341 [ Clams 0.331
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Table 1. 3. Import Tilapia USA (tons)

(Source: US NMFS/INFOFISH)

Jan-Dec Jan- Oct

2007 2008 2009 2009 2010

Fresh fillet 28,178 26,082 24358 20,578 20,238
Frozen fillet 100,636 | 103,735 114,782 | 90,282 137.454
Frozen, whole | 48,943 48,848 44174 37,255 32,624
srand Total | 173,755 | 179,465 | 183,295 | 148,095 | 170,326
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Table 2. 1. Samples collection after 1 month of fry fish collected O. aureus

04/19/12 and O. hornorum on 05/03/2012

(*) Every group is 5 fish

Blue tilapia (04/19/2012) Hornorum (05/03/2012)

Weight | Individual Wt Weight | Individual Wt

Group* | gram gram Group* | gram gram
1 0.951 0.190 1 1.633 0.327
2 0.875 0.175 2 1.233 0.247
3 0.786 0.157 3 1.444 0.289
4 0.815 0.163 4 1.615 0.323
5 0.996 0.199 5 1.425 0.285
6 1.094 0.219 6 1.535 0.307
7 0.950 0.190 7 1.528 0.306
8 0.664 0.133 8 1.470 0.294
9 0.739 0.148 9 1.313 0.263
10 0.767 0.153 10 1.454 0.291
11 0.843 0.169 11 1.470 0.294
12 0.885 0.177 12 1.466 0.293
13 0.928 0.186 13 1.481 0.296
14 0.867 0.173 14 1.480 0.296
15 0.876 0.175 15 1.468 0.294
Average 0.869 0.174 1.468 0.294
SD 0.104 0.021 0.096 0.019
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Table 2.2. Four months sample collections ( 07/19/2012 for O. aureus and O.

hornorum on 08/03/12)

O.Aureus 0. Hornorum
Weight | Length Weight | Length

FishID | gram cm CF | FishID | gram cm CF
1 5.06 48| 4.58 1 3.55 3.75 1 6.73

2 4.85 48| 4.39 2 3.41 3.75 1 647

3 2.71 3 110.04 3 4.84 4.8 ] 438

4 3.27 35| 7.63 4 6.33 5.1 |4.77

5 3.25 3.5 7.58 5 11.41 7.6 | 2.60

6 3.19 33| 8.88 6 9.78 6.5 | 3.56

7 5.27 51| 397 7 4.26 4.6 | 4.38

8 3.11 34| 791 8 9.44 6.2 | 3.96

9 3.79 35| 8.84 9 4.24 431533

10 3.17 32| 9.67 10 6.9 53 [4.63

11 4.55 4.6 | 4.67 11 7.82 5.7 1422

12 4.82 491 4.10 12 3.8 39641

13 3.95 3.7 7.80 13 7.06 541448

14 2.53 29 (1037 14 6.24 5.9 [3.04

15 3.74 35| 8.72 15 6.34 6 ]2.94

16 2.75 3.1 9.23 16 6.12 5.7 1330

17 3.47 33| 9.66 17 6.27 5.8 13.21

18 2.15 2.7 10.92 18 8.5 59 14.14

19 4.16 42| 5.61 19 8.95 6]4.14

20 3.49 3.6 | 748 20 5.63 51450

21 3.37 3.6 | 7.22 21 5.13 4.8 | 4.64

22 3.13 34| 7.96 22 4.35 4.6 | 447

23 3.43 3.6 | 7.35 23 5.3 5.1 [ 4.00

24 3.29 34| 837 24 5.65 551340

25 1.64 1.98 | 21.13 25 5.81 5.6 [ 331
Average 3.53 3.62 | 8.16 6.29 5.31 | 4.28
STDEV 0.87 0.73 | 3.38 2.03 0.88 | 1.05
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Table 2. 3. O. aureus seven months sample collection (10/20/12)

After six months, tilapias were transferred from Winward Community College to

Hale Tuahine (Magoon facility, University of Hawaii at Manoa).

Tank 1 Tank 2 Tank 3
Weight | Length | Weight | Length Weight | Length

Fish ID gram cm CF* | gram cm CF* | gram cm CF*
1 26.90 10.00 | 2.69 23.33 9.60 | 2.64 49.58 12.10 | 2.80
2 14.78 10.10 | 1.43 8.10 7.80 | 1.71 32.75 11.00 | 2.46
3 34.10 10.50 | 2.95 13.42 7.90 | 2.72 34.73 10.60 | 2.92
4 36.75 11.40 | 2.48 16.75 8.40 | 2.83 16.27 7.90 | 3.30
5 21.20 9.50 [ 2.47 38.93 11.00 | 2.92 30.72 10.10 | 2.98
6 19.20 9.50 | 2.24 10.34 7.20 | 2.77 27.58 10.00 | 2.76
7 11.71 7.30 | 3.01 15.79 9.20 | 2.03 11.11 7.50 | 2.63
8 14.61 8.00 | 2.85 23.34 11.50 | 1.53 34.77 11.00 | 2.61
9 24.14 9.60 | 2.73 12.35 9.50 | 1.44 32.79 10.40 | 2.92
10 14.78 8.30 | 2.58 17.39 10.40 | 1.55 19.70 8.60 | 3.10
11 22.33 9.20 | 2.87 18.69 10.40 | 1.66 37.91 10.90 | 2.93
12 20.44 9.10 | 2.71 12.43 9.30 | 1.55 24.51 9.00 | 3.36
13 23.00 9.40 | 2.77 7.40 5.80 | 143 24.57 9.40 | 2.96
14 35.80 11.10 | 2.62 11.30 8.70 | 1.72 10.05 7.00 ] 2.93
15 29.40 10.20 | 2.77 33.70 12.40 | 1.77 9.94 6.60 | 3.46
16 8.73 6.60 | 3.04 31.35 10.70 | 2.56 10.13 6.80 | 3.22
17 13.61 8.20 | 247 30.31 10.60 | 2.54 15.53 7.80 | 3.27
18 11.15 7.40 | 2.75 14.32 8.00 | 2.80 9.41 6.90 | 2.86
19 18.70 8.70 | 2.84 2291 9.50 | 2.67 12.36 7.20 | 3.31
20 24.60 10.20 | 2.32 32.31 10.60 | 2.71 11.13 7.50 | 2.64
21 67.80 13.50 | 2.76 18.91 8.90 | 2.68 35.00 10.70 | 2.86
22 11.34 7.90 | 2.30 13.76 8.00 | 2.69 42.61 11.60 | 2.73
23 9.40 7.00 | 2.74 19.13 8.90 | 2.71 15.23 8.10 | 2.87
24 28.54 10.00 | 2.85 33.13 11.00 | 2.49 32.75 10.70 | 2.67
25 10.03 7.20 | 2.69 11.61 7.20 | 3.11 5.24 590 ] 2.55
26 24.75 9.60 | 2.80 7.46 6.60 | 2.59 35.82 10.70 | 2.92
27 10.15 9.20 | 1.30 24.03 9.30 | 2.99 20.71 9.00 | 2.84
28 39.78 11.60 | 2.55 15.83 8.40 | 2.67 35.21 10.60 | 2.96
29 19.78 8.70 | 3.00 33.87 10.30 | 3.10 12.82 8.00 | 2.50
30 26.31 9.70 | 2.88 38.09 13.60 | 2.64 13.61 7.70 | 2.98
31 20.15 9.30 | 2.51 39.50 13.70 | 2.70 11.08 7.30 | 2.85
32 17.63 8.60 | 2.77 33.33 10.50 | 2.88 22.50 9.00 | 3.09
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33 34.90 10.80 | 2.77 37.60 11.10 | 2.75 25.24 9.60 | 2.85
34 20.74 8.90 [ 2.94 32.64 10.50 | 2.82 10.31 6.90 | 3.14
35 19.50 9.10 [ 2.59 25.61 9.70 | 2.81 11.34 7.00 | 3.31
36 17.16 8.20 | 3.11 32.61 10.70 | 2.66 6.04 5.50 | 3.37
37 8.79 6.90 | 2.68 20.24 9.50 | 2.36 32.92 11.80 | 2.00
38 18.88 9.10 | 2.51 12.75 7.90 | 2.59 11.40 8.90 | 1.62
39 7.70 6.60 | 2.43 15.24 8.00 | 2.98 32.82 11.80 | 2.00
40 16.66 830 [ 291 20.78 9.30 | 2.58 16.48 9.80 | 1.75
41 24.21 9.60 [ 2.74 28.93 9.90 | 2.98 21.61 11.40 | 1.46
42 26.82 11.10 | 1.96 41.93 11.42 | 2.82 17.11 9.70 | 1.87
43 26.82 10.50 | 2.32 52.13 12.90 | 2.76 26.21 10.80 | 2.08
44 24.80 9.40 | 2.99 16.70 8.10 | 3.14 24.08 10.40 | 2.14
45 27.70 10.10 | 2.69 20.60 8.60 | 3.24 23.89 10.60 | 2.01
46 24.80 10.60 | 2.08 24.14 9.10 | 3.20 46.72 12.90 | 2.18
47 36.95 11.00 | 2.78 18.90 8.90 | 2.68 37.68 13.20 | 2.07
48 1431 8.10 [ 2.69 13.51 7.40 | 3.33 28.03 11.10 | 2.05
49 13.88 7.80 [ 2.92 27.68 10.00 | 2.77 11.66 7.80 | 2.46
50 18.01 8.90 | 2.55 34.05 11.40 | 2.66 13.91 8.80 | 2.04
51 20.45 8.90 [ 2.90 23.31 9.00 | 3.20 15.91 8.80 | 2.33
52 16.88 8.20 | 3.06 18.71 8.80 | 2.75 42.70 12.20 | 2.35
53 13.77 7.80 | 2.90 29.01 9.90 | 2.99 15.03 9.70 | 1.65
54 19.44 8.60 | 3.06 9.20 6.70 | 3.06 26.83 10.90 | 2.07
55 16.90 8.70 | 2.57 14.21 7.90 | 2.88 19.39 9.50 | 2.26
56 24.15 10.80 | 1.92 21.50 9.00 [ 2.95 10.42 8.30 [ 1.82
57 39.64 11.20 | 2.82 17.61 8.10 | 3.31 16.13 9.70 | 1.77
58 27.83 10.30 | 2.55 12.30 7.50 | 2.92 18.59 9.40 | 2.24
59 34.79 11.00 | 2.61 17.65 8.90 | 2.50 22.73 10.40 | 2.02
60 33.70 10.50 | 2.91 7.60 6.00 | 3.06 9.65 7.50 | 2.29
61 10.50 7.60 | 2.39 24.03 9.40 | 2.89 20.59 10.00 | 2.06
62 31.05 10.50 | 2.68 30.65 10.00 | 3.07 17.79 8.10 | 3.35
63 7.05 5.70 | 2.71 14.95 7.50 | 3.54 28.04 9.60 | 3.17
64 10.40 7.40 [ 2.57 3291 10.20 | 3.10 21.52 8.90 | 3.05
65 15.37 8.70 | 2.33 24.16 9.50 | 2.82 25.31 9.10 | 3.36
66 12.21 7.40 | 3.01 7.80 6.20 | 3.27 13.62 7.30 | 3.50
67 16.32 8.60 [ 2.57 9.61 6.70 | 3.20 16.19 7.40 | 4.00
68 9.42 7.20 | 2.52 19.72 8.40 | 3.33 10.90 5.90 | 5.31
69 7.65 6.20 | 2.74 19.57 8.50 | 3.19 23.93 8.80 | 3.51
70 7.38 590 | 2.62 31.34 10.60 | 2.84 8.90 6.70 | 2.96
Average 20.99 9.04 | 2.64 22.07 9.26 | 2.70 21.71 9.20 | 2.70
STDEV 10.41 1.53 [ 0.33 9.90 1.68 | 0.50 10.58 1.79 | 0.64
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Table 2. 4. O. hornorum seven months sample collection (11/01/12)

Tank 1 Tank 2 Tank 3
Weight | Length Weight | Length Weight | Length

Fish ID | gram cm CF* | gram cm CF* | gram cm CF*
1 36.77 10.50 | 3.18 68.30 13.00 | 3.11 23.10 8.80 | 3.39
2 97.07 16.00 | 2.37 80.19 13.60 | 3.19 90.72 14.00 | 3.31
3 64.70 12.40 | 3.39 14.25 7.20 | 3.82 37.21 10.70 | 3.04
4 40.20 10.90 | 3.10 78.95 13.30 | 3.36 59.72 11.40 | 4.03
5 89.00 13.80 | 3.39 38.12 10.40 | 3.39 87.27 13.50 | 3.55
6 38.20 10.40 | 3.40 46.07 11.00 | 3.46 98.65 14.50 | 3.24
7 77.35 13.60 | 3.07 40.86 10.60 | 3.43 39.67 10.80 | 3.15
8 48.20 11.10 | 3.52 40.20 10.70 | 3.28 53.84 12.00 | 3.12
9 33.21 10.20 | 3.13 21.07 8.80 | 3.09 92.00 13.20 | 4.00
10 14.35 7.80 | 3.02 56.32 12.00 | 3.26 41.38 10.00 | 4.14
11 13.65 7.20 | 3.66 56.66 12.20 | 3.12 66.60 12.00 | 3.85
12 48.75 11.40 | 3.29 25.40 9.00 | 3.48 62.72 11.90 | 3.72
13 24.40 9.40 | 2.94 69.80 12.40 | 3.66 64.40 12.00 | 3.73
14 | 104.00 14.70 | 3.27 56.38 12.00 | 3.26 55.00 11.50 | 3.62
15 61.00 12.00 | 3.53 63.90 13.00 | 2.91 21.35 8.80 | 3.13
16 91.95 14.10 | 3.28 15.31 7.80 | 3.23 72.02 12.70 | 3.52
17 26.70 9.20 | 343 44.62 11.00 | 3.35 49.55 11.60 | 3.17
18 84.53 13.20 | 3.68 28.83 9.60 | 3.26 61.70 12.30 | 3.32
19 67.52 12.10 | 3.81 20.00 8.40 | 3.37 42.32 11.00 | 3.18
20 24.39 9.20 | 3.13 34.12 10.00 | 3.41 54.94 12.10 | 3.10
21 67.58 12.90 | 3.15 79.79 13.70 | 3.10 75.776 13.30 | 3.22
22 91.00 14.40 | 3.05 32.07 9.60 | 3.62 87.81 13.70 | 3.41
23 36.20 10.00 | 3.62 49.32 11.50 | 3.24 55.00 11.90 | 3.26
24 64.45 12.70 | 3.15 48.23 11.20 | 3.43 13.24 7.20 | 3.55
25 58.23 12.10 | 3.29 62.50 12.00 | 3.62 35.86 10.10 | 3.48
26 36.64 10.10 | 3.56 18.25 8.00 | 3.56 31.15 10.20 | 2.94
27 82.67 13.10 | 3.68 34.43 9.00 | 4.72 71.54 12.70 | 3.49
28 | 107.20 15.30 | 2.99 52.31 11.60 | 3.35 81.85 13.30 | 3.48
29 23.20 8.80 [ 3.40 98.72 14.20 | 3.45 27.00 9.10 | 3.58
30 48.00 11.30 | 3.33 22.86 8.80 | 3.35 46.68 11.00 | 3.51
31 71.35 12.70 | 3.48 47.25 11.00 | 3.55 39.10 10.50 | 3.38
32 52.20 11.30 | 3.62 71.55 13.00 | 3.26 49.00 11.10 | 3.58
33 79.95 13.60 | 3.18 43.00 11.20 | 3.06 25.04 9.30 | 3.11
34 21.40 8.60 [ 3.36 65.02 12.30 | 3.49 41.40 10.50 | 3.58
35 11.72 7.20 | 3.14 54.01 11.50 | 3.55 35.70 10.30 | 3.27
36 31.20 9.60 | 3.53 40.00 10.90 | 3.09 39.10 10.60 | 3.28
37 39.22 10.10 | 3.81 77.53 13.10 | 3.45 71.50 13.10 | 3.18
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38 48.83 11.60 | 3.13 59.00 10.20 | 5.56 28.31 9.60 | 3.20
39 9.50 5.90 | 4.63 30.36 9.90 [ 3.13 25.62 9.10 | 3.40
40 54.96 11.30 | 3.81 54.82 11.80 | 3.34 89.60 13.50 | 3.64
41 49.00 11.00 | 3.68 26.16 9.00 | 3.59 56.80 12.20 | 3.13
42 73.72 13.40 | 3.06 47.73 11.20 | 3.40 64.63 12.20 | 3.56
43 26.17 9.10 | 3.47 15.70 7.70 | 3.44 60.57 12.20 | 3.34
44 24.17 9.00 | 3.32 42.32 10.60 | 3.55 40.80 10.60 | 3.43
45 81.87 13.20 | 3.56 20.38 8.80 [ 2.99 68.20 13.10 | 3.03
46 86.45 13.70 | 3.36 40.63 10.70 | 3.32 80.27 14.20 | 2.80
47 ] 105.15 14.40 | 3.52 43.00 10.30 | 3.94 62.00 12.30 | 3.33
48 8.29 6.30 | 3.32 97.15 14.20 | 3.39 65.00 11.60 | 4.16
49 23.21 8.80 | 3.41 | 102.00 14.40 | 3.42 10.04 6.90 | 3.06
50 46.42 10.80 | 3.68 47.23 10.70 | 3.86 37.12 10.30 | 3.40
51 25.34 8.90 | 3.59 49.87 11.60 | 3.19 15.62 7.90 | 3.17
52 49.17 10.60 | 4.13 67.58 12.40 | 3.54 | 107.53 15.20 | 3.06
53 30.39 9.70 [ 3.33 | 102.85 14.10 | 3.67 48.25 1140 ] 3.26
54 90.08 14.20 | 3.15 23.74 9.40 [ 2.86 13.93 7.50 | 3.30
55 29.85 9.40 | 3.59 79.00 13.50 | 3.21 40.31 10.90 | 3.11
56 54.20 11.20 | 3.86 67.05 12.90 | 3.12 20.01 9.00 | 2.74
57 24.90 9.40 | 3.00 71.27 13.00 | 3.24 2791 9.60 | 3.15
58 93.78 14.20 | 3.28 72.69 12.80 | 3.47 55.35 12.00 | 3.20
59 99.78 14.30 | 3.41 54.25 12.70 | 2.65 47.66 11.10 | 3.48
60 28.00 8.90 | 3.97 44.45 10.60 | 3.73 68.58 12.60 | 3.43
61 64.68 11.89 ] 3.85 26.56 9.20 | 341 29.21 9.70 | 3.20
62 31.15 9.50 | 3.63 99.98 14.00 | 3.64 35.40 1040 | 3.15
63 56.37 11.80 | 3.43 60.72 11.50 | 3.99 86.32 13.60 | 3.43
64 37.23 10.60 | 3.13 34.52 9.80 [ 3.67 55.77 10.90 | 4.31
65 34.54 10.20 | 3.25 | 105.35 15.10 | 3.06 36.57 10.50 | 3.16
66 20.86 8.70 | 3.17 33.87 10.20 | 3.19 42.00 11.10 | 3.07
67 84.98 14.80 | 2.62 55.18 12.30 | 2.97 21.47 8.60 | 3.38
68 63.00 12.20 | 3.47 58.35 11.40 | 3.94 63.39 12.50 | 3.25
69 88.86 14.30 | 3.04 31.22 9.90 [ 3.22 36.04 10.30 | 3.30
70 54.50 11.90 | 3.23 29.33 9.20 [ 3.77 | 100.85 14.30 | 3.45
Average 52.97 11.26 | 3.39 51.29 11.20 | 3.43 52.03 11.28 | 3.37
STDEV 27.44 2.28 | 0.34 23.38 1.84 | 0.40 23.48 1.81 | 0.30
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Table 2. 5. O. aureus ten months sample collection (01/16/2013)

Tank 1 Tank 2 Tank 3
Weight | Length | Weight | Length | Weight | Length

Fish ID gram cm CF* | gram cm CF* | gram cm CF*
1| 166.57 21.00 | 1.80 66.62 14.90 | 2.01 | 128.71 19.00 | 1.88
2 | 134.01 19.80 | 1.73 48.05 13.10 | 2.14 | 116.37 18.20 | 1.93
3| 155.55 20.50 | 1.81 111.44 18.10 | 1.88 | 103.25 17.40 | 1.96
4 78.79 16.40 | 1.79 112.57 18.30 | 1.84 99.25 17.20 | 1.95
51 124.71 19.20 | 1.76 101.08 17.20 | 1.99 82.16 15.90 | 2.04
6 96.89 17.70 | 1.75 77.56 16.50 | 1.73 87.54 16.30 | 2.02
71 125.45 19.80 | 1.62 46.76 13.90 | 1.74 59.01 14.70 | 1.86
8 65.89 15.40 | 1.80 50.25 14.40 | 1.68 57.69 14.80 | 1.78
9 64.78 14.60 | 2.08 104.29 17.50 | 1.95 67.11 14.90 | 2.03
10 [ 144.00 20.80 | 1.60 160.07 20.60 | 1.83 [ 140.71 19.20 | 1.99
11 89.90 17.80 | 1.59 121.85 18.70 | 1.86 86.23 17.20 | 1.69
12 | 154.90 20.50 | 1.80 112.34 17.90 | 1.96 77.23 16.40 | 1.75
13 | 120.76 18.80 [ 1.82 60.89 14.80 | 1.88 95.82 17.70 | 1.73
14 89.66 16.50 | 2.00 48.61 13.70 | 1.89 | 112.43 17.80 | 1.99
15| 105.10 17.90 | 1.83 52.01 14.60 | 1.67 99.75 17.80 | 1.77
16 [ 119.96 19.20 | 1.69 144.27 19.40 | 1.98 83.92 16.60 | 1.83
17 94.51 17.40 | 1.79 159.86 20.00 | 2.00 61.69 14.60 | 1.98
18 91.35 17.00 | 1.86 128.74 1930 | 1.79 [ 141.52 19.90 | 1.80
19 81.49 16.40 | 1.85 136.37 19.40 | 1.87 | 125.05 19.70 | 1.64
20 98.76 16.90 | 2.05 88.46 16.80 | 1.87 99.52 17.20 | 1.96
21 72.25 14.90 | 2.18 95.09 16.70 | 2.04 90.69 16.80 [ 1.91
22 75.18 16.30 | 1.74 76.69 16.40 | 1.74 91.47 17.60 | 1.68
23 | 155.97 20.50 | 1.81 44.45 13.90 | 1.66 93.41 16.50 | 2.08
24 | 149.42 20.40 | 1.76 46.42 13.80 | 1.77 99.01 17.60 | 1.82
25 | 130.42 19.70 | 1.71 49.43 13.60 | 1.97 93.91 17.20 | 1.85
26 63.13 13.90 | 2.35 54.70 13.80 | 1.73 70.80 15.70 | 1.83
27 89.04 16.20 | 2.09 117.13 18.80 | 1.76 73.08 15.60 | 1.92
28 | 115.54 18.00 | 1.98 86.42 16.40 | 1.96 [ 127.68 19.30 | 1.78
29 |1 101.59 18.20 | 1.69 114.07 1830 | 1.86 | 159.63 20.00 | 2.00
30 92.75 16.70 | 1.99 110.85 18.00 | 1.90 | 114.15 18.40 | 1.83
31 | 108.15 18.10 | 1.82 110.68 1820 | 1.84 | 137.65 18.90 | 2.04
32 | 176.89 21.80 | 1.71 106.71 18.10 | 1.80 | 136.57 19.20 | 1.93
33 64.85 15.40 | 1.78 104.84 18.40 | 1.68 | 107.15 17.70 | 1.93
34 68.71 15.80 | 1.74 92.04 17.20 | 1.81 [ 116.26 18.60 | 1.81
35 91.23 16.90 | 1.89 112.56 18.40 | 1.81 | 103.45 16.80 | 2.18
36 96.35 17.00 | 1.96 95.38 17.10 | 1.91 97.31 16.70 | 2.09
37 58.41 14.40 | 1.96 54.94 1420 | 1.92 | 111.43 18.00 [ 1.91
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38 85.90 16.80 | 1.81 78.07 1590 | 1.94 | 103.29 17.40 | 1.96
39 | 159.39 20.40 | 1.88 80.75 16.10 | 1.93 | 102.95 16.80 | 2.17
40| 112.85 18.00 | 1.94 86.35 16.30 | 1.99 95.34 16.60 | 2.08
41 | 14748 19.10 | 2.12 54.57 14.50 | 1.79 71.34 15.40 | 1.95
42 59.64 14.30 | 2.04 55.04 14.80 | 1.70 91.42 16.50 | 2.04
43 89.65 16.40 | 2.03 149.11 20.60 | 1.71 89.52 16.40 | 2.03
44 71.31 16.30 | 1.65 129.89 18.40 | 2.09 99.20 17.30 | 1.92
45 83.41 1640 | 1.89 93.03 17.20 | 1.83 64.21 1490 | 1.94
46 72.46 1540 | 1.98 57.01 13.40 | 2.37 65.64 16.00 | 1.60
47 70.88 1590 | 1.76 176.59 20.70 | 1.99 56.84 14.90 | 1.72
48 54.50 13.80 | 2.07 79.77 16.50 | 1.78 | 131.27 19.40 | 1.80
49 61.46 14.70 | 1.93 86.54 16.90 | 1.79 91.20 16.60 | 1.99
50 49.14 14.60 | 1.58 76.75 1590 |1 1.91 | 111.19 17.50 | 2.07
51 52.09 14.70 | 1.64 138.37 21.00 | 1.49 | 201.00 22.00 | 1.89
52 49.38 13.80 | 1.88 152.57 20.70 | 1.72 ] 135.21 18.80 | 2.03
53 84.43 16.50 | 1.88 143.47 19.40 | 1.96 85.21 15.90 | 2.12
54 83.64 16.60 | 1.83 149.51 20.60 | 1.71 86.91 16.20 | 2.04
55 66.67 15.30 ] 1.86 115.03 18.00 | 1.97 59.00 13.90 | 2.20
56 | 116.50 18.40 | 1.87 116.79 18.00 | 2.00 77.40 15.70 | 2.00
57 55.40 14.70 | 1.74 76.35 15.70 | 1.97 62.04 16.80 | 1.31
58 90.82 17.50 | 1.69 95.51 16.90 | 1.98 96.93 17.90 | 1.69
59 61.43 15.30 | 1.72 73.50 15.80 | 1.86 | 154.35 20.70 | 1.74
60 | 141.85 18.80 | 2.13 80.24 16.00 | 1.96 97.91 17.30 | 1.89
61 | 147.93 20.00 | 1.85 75.19 14.90 | 2.27 | 125.50 18.60 | 1.95
62 | 138.86 19.70 | 1.82 82.04 16.70 | 1.76 62.34 14.60 | 2.00
63 82.52 15.90 | 2.05 129.04 18.90 | 1.91 53.70 14.00 | 1.96
64 76.67 15.70 | 1.98 112.76 18.10 | 1.90 92.22 17.50 | 1.72
65 69.33 15.70 | 1.79 98.74 17.60 | 1.81 | 109.53 18.00 | 1.88
66 68.75 15.50 [ 1.85 95.54 17.20 | 1.88 94.54 17.00 | 1.92
67 56.63 14.60 | 1.82 117.45 18.40 | 1.89 | 108.54 17.40 | 2.06
68 77.81 16.30 | 1.80 90.99 16.70 | 1.95 5141 13.70 | 2.00
69 51.49 14.20 | 1.80 85.87 16.30 | 1.98 72.77 1540 | 1.99
70 47.55 14.10 | 1.70 79.23 16.40 | 1.80 91.09 18.90 | 1.35
Average 95.01 17.05 | 1.85 95.66 17.00 | 1.88 97.71 17.13 | 1.90
STDEV 34.06 2.11 | 0.15 32.93 2.08 | 0.14 28.12 1.68 | 0.17
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Table 2. 6. O. hornorum ten months sample collection ((31/01/2013)

Tank 1 Tank 2 Tank 3
Weight | Length | Weight | Length | Weight | Length

Fish ID gram cm CF* | gram cm CF* | gram cm CF*
1] 165.20 21.90 | 1.57 | 121.30 18.40 | 1.95 | 334.86 25.30 | 2.07
2] 291.56 23.10 [ 2.37 | 168.93 20.10 | 2.08 | 350.47 25.70 | 2.06
3] 282.81 23.50 | 2.18 | 265.80 23.20 | 2.13 | 325.10 25.00 | 2.08
4 176.50 2230 [ 1.59 | 297.23 24.00 | 2.15 | 228.50 23.10 | 1.85
51 224.03 21.10 | 238 | 154.95 20.10 | 1.91 | 334.15 2590 | 1.92
6| 260.42 24.60 | 1.75 | 300.57 24.00 | 2.17 | 143.93 20.90 | 1.58
71 199.26 20.90 | 2.18 | 319.92 26.10 | 1.80 | 231.89 23.60 | 1.76
8 | 133.48 18.60 | 2.07 | 304.39 25.80 | 1.77 | 157.54 20.70 | 1.78
91 172.79 19.40 | 2.37 | 306.21 23.40 | 2.39 | 193.74 21.60 | 1.92
10 | 185.32 23.00 [ 1.52 | 185.46 2120 | 1.95 | 170.90 19.40 | 2.34
11| 161.59 20.00 | 2.02 | 279.73 2420 | 1.97 | 179.68 19.90 | 2.28
12 | 24195 2440 [ 1.67 | 129.05 18.70 | 1.97 | 106.25 17.50 | 1.98
13 | 14239 1990 | 1.81 | 211.29 23.30 [ 1.67 | 230.15 23.00 | 1.89
14 | 212.39 21.60 | 2.11 | 297.15 25.50 | 1.79 | 173.33 20.60 | 1.98
15 | 229.15 23.30 | 1.81 | 108.40 17.20 | 2.13 | 314.47 25.80 | 1.83
16 | 232.48 22.50 | 2.04 | 252.06 23.50 | 1.94 | 216.76 21.90 | 2.06
17 | 109.42 18.80 | 1.65 | 178.43 20.00 | 2.23 | 388.18 26.10 | 2.18
18 | 143.50 19.20 | 2.03 | 163.59 19.90 | 2.08 | 354.16 26.90 | 1.82
19 | 175.15 21.20 | 1.84 | 279.46 2420 | 1.97 | 248.29 23.20 | 1.99
20 | 272.36 23.90 | 2.00 | 212.72 22.00 | 2.00 | 139.12 20.00 | 1.74
21 | 375.23 26.10 [ 2.11 | 139.65 18.80 | 2.10 | 153.46 2190 | 1.46
22 | 192.61 21.80 | 1.86 | 286.01 24.10 | 2.04 | 249.16 22.80 | 2.10
23 | 164.85 21.20 | 1.73 | 143.07 19.80 | 1.84 | 289.15 2290 | 241
24 | 181.62 21.00 | 1.96 | 166.09 20.80 | 1.85 | 259.17 22.80 | 2.19
25 | 194.61 21.60 | 1.93 | 302.71 2490 | 1.96 | 197.96 21.10 | 2.11
26 | 155.71 2030 | 1.86 | 182.34 2230 | 1.64 | 226.42 21.80 | 2.19
27 | 260.45 23.30 | 2.06 | 169.60 20.50 | 1.97 | 214.70 22.70 | 1.84
28 | 247.00 23.70 [ 1.86 | 183.15 21.00 [ 1.98 | 165.55 20.50 | 1.92
29 | 284.13 2540 [ 1.73 | 273.71 24.60 | 1.84 | 168.26 20.80 | 1.87
30 | 185.90 21.10 | 1.98 | 296.17 26.00 | 1.69 | 144.55 19.70 | 1.89
31| 190.97 21.60 | 1.89 | 349.95 2530 | 2.16 | 129.73 19.20 | 1.83
32 | 197.48 22.00 | 1.85 | 238.90 22.30 | 2.15 | 135.04 19.60 | 1.79
33 | 22998 22.60 | 1.99 | 166.21 20.90 | 1.82 | 246.75 2340 | 1.93
34 [ 287.83 2490 [ 1.86 | 288.95 2420 | 2.04 | 159.72 20.60 | 1.83
35| 185.38 20.60 | 2.12 | 214.43 21.80 | 2.07 | 205.62 22.50 | 1.81
36 | 135.84 19.50 | 1.83 | 224.34 22.10 | 2.08 | 240.30 23.40 | 1.88
37| 192.97 21.40 | 1.97 97.32 17.40 | 1.85 | 236.21 23.80 | 1.75
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38 | 315.38 24.60 | 2.12 | 190.85 21.40 | 1.95 | 297.17 25.50 | 1.79
39 | 143.26 19.70 | 1.87 | 227.15 22.60 | 1.97 | 302.25 24.00 | 2.19
40 | 25543 24.60 | 1.72 | 179.58 20.90 | 1.97 | 169.42 20.50 | 1.97
41 | 303.78 24.60 | 2.04 | 219.76 22.80 | 1.85 | 292.13 2520 | 1.83
42 | 305.65 25.10 | 1.93 | 167.68 18.90 | 2.48 | 215.43 22.00 | 2.02
43 | 250.82 22.80 | 2.12 | 217.13 22.30 | 1.96 | 122.35 19.00 | 1.78
44 | 199.38 2170 | 1.95 | 149.76 17.70 | 2.70 | 197.92 22.60 | 1.71
45 | 173.90 20.20 | 2.11 | 205.85 22.50 | 1.81 | 249.94 24.60 | 1.68
46 | 234.97 22.90 | 1.96 | 255.41 23.20 | 2.05 | 196.02 21.80 | 1.89
47 | 201.77 21.40 | 2.06 | 342.00 2540 | 2.09 | 137.90 19.40 | 1.89
48 | 215.03 22.00 | 2.02 | 333.94 24.80 | 2.19 | 232.16 23.50 | 1.79
49 | 226.66 22.30 | 2.04 | 278.38 24.50 | 1.89 | 228.09 22770 | 1.95
50 | 251.41 2270 | 2.15 | 220.19 22.90 | 1.83 | 231.46 23.50 | 1.78
51| 269.25 22.80 | 2.27 | 248.57 23.60 | 1.89 | 217.08 22.40 | 1.93
52| 276.68 23.20 | 2.22 | 21251 22.10 | 1.97 | 240.36 2320 ] 1.92
53| 197.67 2240 | 1.76 | 176.27 20.60 | 2.02 | 204.36 22.00 | 1.92
54| 158.84 23.20 | 1.27 | 135.56 19.30 | 1.89 | 142.11 19.40 | 1.95
55| 205.69 21.60 | 2.04 | 282.17 25.50 | 1.70 | 181.15 21.20 | 1.90
56 | 240.55 22.20 | 2.20 | 241.13 23.80 | 1.79 | 130.07 19.50 | 1.75
57| 253.71 22.50 | 2.23 | 191.65 21.30 | 1.98 | 148.85 21.40 | 1.52
58 | 265.96 24.10 | 1.90 | 143.33 19.90 | 1.82 | 106.56 16.90 | 2.21
59 | 196.32 21.90 | 1.87 | 209.27 2240 | 1.86 | 251.84 23.40 | 1.97
60 | 240.24 22.70 | 2.05 | 248.36 23770 | 1.87 | 266.43 2320 ] 2.13
61 | 308.34 2470 | 2.05 | 112.25 18.70 | 1.72 | 232.97 21.50 | 2.34
62 | 238.26 22.80 | 2.01 | 281.71 24.50 | 1.92 | 166.95 19.90 | 2.12
63 | 189.12 21.70 | 1.85 | 272.15 22.80 | 2.30 | 258.86 2340 | 2.02
64 | 22798 21.80 | 2.20 | 271.43 24.70 | 1.80 | 220.35 22.30 | 1.99
65 | 230.37 22.50 | 2.02 | 263.92 23.30 | 2.09 | 166.98 20.80 | 1.86
66 | 249.31 22.60 | 2.16 | 196.78 21.80 | 1.90 | 183.34 21.50 | 1.84
67 | 156.46 19.80 | 2.02 | 201.94 22.00 | 1.90 | 271.63 24.00 | 1.96
68 | 201.44 22.50 | 1.77 | 186.70 20.80 | 2.07 | 267.69 2420 | 1.89
69 | 201.32 22.40 | 1.79 | 201.04 21.90 | 1.91 | 208.50 2240 | 1.86
70 | 192.39 21.00 | 2.08 | 215.16 22770 | 1.84 | 170.66 19.50 | 2.30
Avergare | 217.88 22.20 | 1.97 | 221.98 22.24 | 1.97 | 218.46 22.17 | 1.94
STDEV 51.44 1.65 | 0.21 62.18 2.23 | 0.18 63.99 2.12 | 0.19
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Table 2. 7. O. aureus twele months sample collection (03/18/2013)

Tank 1 Tank 2 Tank 3
Fish ID Weight | Length Weight | Length Weight | Length

gram cm CF* | gram cm CF* | gram cm CF*

1] 215.67 2420 | 1.52 | 115.60 19.40 | 1.58 | 239.45 23.70 | 1.80
2| 206.54 23.40 | 1.61 | 182.20 2240 | 1.62 | 119.00 19.40 | 1.63
3] 218.01 24.10 | 1.56 | 122.30 19.40 | 1.68 | 164.85 19.90 | 2.09
4] 205.92 2330 [ 1.63 [ 119.50 19.20 | 1.69 | 209.21 22.30 | 1.89
51 194.00 2240 | 1.73 [ 206.60 2220 [ 1.89 | 180.65 21.40 | 1.84
6| 119.83 19.80 | 1.54 92.57 18.20 | 1.54 | 203.00 22.50 | 1.78
71 163.25 2230 | 1.47 [ 182.50 22.00 | 1.71 | 214.40 2290 | 1.79
8| 170.36 22.70 | 1.46 | 164.76 21.60 | 1.63 | 214.86 23.00 | 1.77
91 173.61 21.70 | 1.70 | 157.15 21.30 | 1.63 | 142.96 20.30 | 1.71
10 | 200.99 2390 | 1.47 | 14595 20.00 [ 1.82 93.78 16.20 | 2.21
11 | 23548 24.20 | 1.66 | 203.16 2410 | 1.45 | 112.20 17.90 | 1.96
12 | 203.00 24.00 | 1.47 [ 146.76 2130 | 1.52 | 197.56 22.20 | 1.81
13 | 190.00 23.00 | 1.56 [ 144.82 2090 | 1.59 | 197.72 22.00 [ 1.86
14 | 209.94 22.60 | 1.82 | 184.65 22.30 | 1.67 | 102.78 18.20 | 1.70
15| 207.00 23.00 [ 1.70 [ 193.74 23.00 [ 1.59 | 104.43 18.70 | 1.60
16 | 148.00 20.70 | 1.67 | 145.89 22.40 | 1.30 | 214.40 24.00 | 1.55
17 | 133.63 21.00 | 1.44 | 106.09 19.10 | 1.52 | 258.67 25.10 | 1.64
18 | 190.95 22.60 | 1.65 [ 135.04 20.30 | 1.61 | 145.50 21.20 | 1.53
19 | 193.00 22.70 | 1.65 | 138.00 19.00 | 2.01 | 167.50 21.70 | 1.64
20 | 221.96 2430 | 1.55 [ 144.12 20.80 | 1.60 | 206.10 22.30 | 1.86
21 | 212.80 23.80 | 1.58 | 196.78 2290 [ 1.64 | 103.83 19.00 | 1.51
22 | 207.04 23.30 [ 1.64 | 199.09 23.50 | 1.53 | 138.30 20.00 | 1.73
23 | 22597 2420 | 1.59 [ 174.12 2230 | 1.57 | 227.04 24.00 | 1.64
24| 214.37 23.50 | 1.65 | 187.96 23.00 | 1.54 | 231.00 24.30 | 1.61
25| 172.47 21.60 | 1.71 | 146.50 19.20 | 2.07 | 146.66 20.90 | 1.61
26 | 172.23 22.00 | 1.62 [ 183.61 23.40 | 1.43 | 125.70 20.30 [ 1.50
27| 218.60 24.00 | 1.58 | 189.76 2290 | 1.58 | 231.45 24.70 | 1.54
28 | 235.60 2520 | 1.47 [ 166.40 20.00 | 2.08 | 198.20 22.60 | 1.72
29 | 163.39 2270 | 1.40 [ 210.00 24.10 | 1.50 | 212.90 24,10 | 1.52
30 | 175.41 2140 [ 1.79 | 215.79 23.90 | 1.58 | 119.20 19.80 | 1.54
31 [ 196.75 22.00 [ 1.85 [ 208.20 23.80 | 1.54 | 183.44 22.00 | 1.72
32| 203.00 23.00 | 1.67 | 193.58 23.40 | 1.51 | 177.62 21.30 | 1.84
33| 128.00 20.30 | 1.53 | 156.72 21.70 | 1.53 | 234.90 24.00 | 1.70
34 [ 138.96 2120 | 1.46 [ 174.60 22.60 [ 1.51 | 109.40 18.40 | 1.76
35| 160.91 21.50 | 1.62 | 121.58 19.80 | 1.57 | 136.90 20.00 | 1.71
36 [ 184.17 22.00 [ 1.73 [ 209.38 23.40 | 1.63 | 122.60 20.20 | 1.49
37 [ 223.00 24.50 | 1.52 [ 198.21 22.80 | 1.67 | 224.90 24.10 | 1.61
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38 | 149.05 22.00 | 1.40 [ 197.56 22.70 | 1.69 | 249.50 2440 | 1.72
39 | 168.71 2140 | 1.72 | 235.34 24.50 | 1.60 | 209.28 2340 | 1.63
40 | 170.00 21.00 | 1.84 [ 185.65 22.80 | 1.57 | 181.56 22.50 | 1.59
41 | 197.99 22.80 | 1.67 | 140.47 21.20 | 1.47 | 220.64 2290 | 1.84
42 | 243.00 2430 ] 1.69 | 218.21 23.60 | 1.66 | 204.73 23.60 | 1.56
43 | 21240 23.30 | 1.68 | 172.27 22.30 | 1.55 | 254.54 25.00 | 1.63
44 92.30 18.20 | 1.53 | 192.26 22.50 | 1.69 | 190.16 23.00 | 1.56
45| 189.72 2290 | 1.58 [ 139.92 19.90 | 1.78 | 206.64 23.30 | 1.63
46 | 162.32 20.60 | 1.86 [ 158.46 21.50 | 1.59 [ 209.73 23.90 | 1.54
47| 189.18 22.80 | 1.60 [ 150.65 21.00 | 1.63 | 193.30 23.00 | 1.59
48 | 212.01 2330 ] 1.68 [ 181.40 21.90 | 1.73 | 231.48 24.20 | 1.63
49 | 15742 21.60 | 1.56 | 231.76 23.80 | 1.72 | 159.16 21.00 | 1.72
50| 169.10 21.60 | 1.68 | 205.71 23.60 | 1.57 | 154.33 22.10 ] 1.43
51| 131.50 19.00 | 1.92 | 199.42 2270 | 1.70 | 164.21 21.90 | 1.56
52| 189.41 22.40 | 1.69 | 203.75 23.60 | 1.55 | 108.96 19.80 | 1.40
53 | 136.20 20.60 | 1.56 [ 181.40 2220 | 1.66 | 171.24 22.60 | 1.48
54 | 170.80 22.00 | 1.60 [ 195.96 23.93 | 1.43 | 189.60 22.90 | 1.58
55| 152.86 21.00 | 1.65 [ 200.45 22.80 | 1.69 | 241.21 25.20 | 1.51
56 | 180.88 21.90 | 1.72 | 199.05 2240 | 1.77 | 207.50 23.60 | 1.58
57| 230.44 23.10 | 1.87 | 136.78 20.00 | 1.71 | 188.59 22.00 | 1.77
58 | 214.97 23.60 | 1.64 | 223.75 23.70 | 1.68 | 242.36 25.10 | 1.53
59| 199.42 23.20 | 1.60 | 231.62 23.70 | 1.74 | 213.79 23.30 | 1.69
60 | 213.81 23770 | 1.61 | 230.69 23.70 | 1.73 | 212.40 23.20 | 1.70
61 | 216.70 23.70 | 1.63 [ 197.53 22.10 | 1.83 | 102.60 18.20 | 1.70
62 | 171.96 20.50 | 2.00 [ 219.57 23.90 | 1.61 | 250.00 25.20 | 1.56
63 | 173.32 21.30 | 1.79 | 192.47 2220 | 1.76 | 211.00 23.30 | 1.67
64 | 22552 2340 | 1.76 [ 186.22 21.80 | 1.80 | 234.20 23.50 | 1.80
65| 190.57 22770 | 1.63 | 190.09 2290 | 1.58 | 196.85 23.00 | 1.62
66 | 193.67 2290 | 1.61 | 209.96 23.30 | 1.66 | 197.56 22.80 | 1.67
67 | 208.14 23.90 | 1.52 | 188.37 22.30 | 1.70 | 206.72 23.00 | 1.70
68 | 186.27 2290 | 1.55 ] 220.76 23.90 | 1.62 | 207.06 24.10 | 1.48
69 | 239.21 2430 | 1.67 [ 196.67 2230 | 1.77 | 129.63 20.70 | 1.46
70 | 168.26 21.80 | 1.62 [ 177.43 20.90 | 1.94 | 205.63 23.30 | 1.63
Average | 187.73 22.51 | 1.63 | 179.36 22.10 | 1.65 | 185.13 22.19 | 1.66
STDEV 31.35 1.37 | 0.12 33.11 1.54 | 0.14 44.91 2.03 | 0.15
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Table 2. 8. O. hornorum twele months sample collection (4/4/2013)

Tank 1 Tank 2 Tank 3
Weight | Length Weight | Length Weight | Length

Fish ID | gram cm CF* | gram cm CF* | gram cm CF*
1| 445.51 28.60 | 1.90 | 230.24 24.30 | 1.60 | 402.41 28.00 | 1.83
2] 397.92 2690 | 2.04 [ 290.18 25.50 | 1.75 | 411.17 2690 [ 2.11
3| 442.36 29.20 | 1.78 | 215.53 23.50 | 1.66 | 346.25 27.80 | 1.61
4 [ 42332 28.80 | 1.77 [ 222.86 23.40 | 1.74 | 263.56 2530 | 1.63
51 294.84 25.60 | 1.76 [ 185.12 2120 [ 1.94 | 326.85 27.90 | 1.50
6| 311.67 26.00 | 1.77 | 238.84 24.10 | 1.71 | 241.90 24.30 | 1.69
71 288.40 26.20 | 1.60 [ 332.49 27.10 | 1.67 | 173.19 21.00 | 1.87
8 | 195.67 22.00 | 1.84 | 378.85 28.60 | 1.62 | 361.47 26.30 | 1.99
91 183.70 21.20 | 1.93 | 356.53 27.80 | 1.66 | 304.25 24.90 | 1.97
10 | 256.96 24.10 | 1.84 [ 288.92 2470 | 1.92 | 283.11 24.70 | 1.88
11 | 256.78 22.80 | 2.17 | 238.89 2430 | 1.66 | 360.17 28.70 | 1.52
12 | 475.71 2990 | 1.78 [ 240.30 2420 | 1.70 | 331.49 2720 | 1.65
13 | 351.23 28.00 | 1.60 [ 207.97 2490 | 1.35 | 244.32 22.90 | 2.03
14 | 311.89 27.30 | 1.53 | 300.81 25.40 | 1.84 | 243.33 25.20 | 1.52
15 | 265.54 2490 | 1.72 | 229.75 23.90 | 1.68 | 332.18 25.70 | 1.96
16 | 313.70 2740 | 1.52 | 183.11 22.50 | 1.61 | 201.80 22.40 | 1.80
17 | 193.00 23.00 | 1.59 | 249.75 2530 | 1.54 | 190.63 21.80 | 1.84
18 | 479.20 2940 | 1.89 [ 478.74 30.20 | 1.74 | 186.40 21.10 | 1.98
19 | 232.14 22.60 | 2.01 | 288.46 24.80 | 1.89 | 226.23 22.60 | 1.96
20 | 378.59 28.80 | 1.58 [ 376.88 2790 | 1.74 | 419.34 29.10 | 1.70
21 | 340.55 2590 | 1.96 | 279.25 2490 | 1.81 | 214.38 23.60 | 1.63
22 | 249.40 24.00 | 1.80 | 353.39 26.10 | 1.99 | 315.39 26.20 | 1.75
23 | 295.23 26.60 | 1.57 | 224.05 24.50 [ 1.52 | 306.55 26.40 | 1.67
24| 240.00 2540 | 1.46 | 196.95 21.80 | 1.90 | 251.00 25.70 | 1.48
25| 181.33 21.60 | 1.80 | 216.70 24.00 | 1.57 | 483.31 28.80 | 2.02
26 | 414.36 28.00 | 1.89 [ 326.92 27.80 | 1.52 | 295.10 26.70 | 1.55
27| 483.34 28.90 | 2.00 | 377.16 26.70 | 1.98 | 181.53 21.40 | 1.85
28 | 331.51 27.00 | 1.68 | 292.33 26.70 | 1.54 | 488.72 29.40 | 1.92
29 | 34937 2690 | 1.79 | 313.34 2530 | 1.93 | 236.45 25.30 | 1.46
30 | 275.69 24.80 | 1.81 | 215.38 25.00 | 1.38 | 325.57 26.10 | 1.83
31 [ 245.65 2390 | 1.80 [ 268.40 25.60 | 1.60 | 336.68 27.60 | 1.60
32| 315.17 26.30 | 1.73 | 177.55 21.20 | 1.86 | 236.55 2540 | 1.44
33 | 369.25 27.00 | 1.88 | 197.38 21.90 | 1.88 | 187.80 22.70 | 1.61
34 | 470.81 29.10 | 1.91 [ 390.47 28.50 | 1.69 | 209.60 23.30 | 1.66
35| 397.45 27.10 | 2.00 | 364.77 27.60 | 1.73 | 422.66 28.80 | 1.77
36 | 303.40 25.30 | 1.87 | 334.26 2740 | 1.62 | 327.51 2570 |1 1.93
37 [ 181.92 2240 | 1.62 [ 277.52 25.00 | 1.78 | 359.74 27.30 | 1.77
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38 | 363.00 26.60 | 1.93 [ 313.57 26.20 | 1.74 | 354.37 26.30 | 1.95
39 | 40231 30.00 | 1.49 [ 385.30 27.90 | 1.77 | 320.48 26.30 | 1.76
40 | 209.13 24.00 | 1.51 [ 353.28 2720 | 1.76 | 179.34 21.70 | 1.76
41 | 217.84 2230 ) 1.96 | 177.85 22.50 | 1.56 | 234.83 23.30 | 1.86
42 | 25548 27.00 | 1.30 | 232.48 24.10 | 1.66 | 233.38 23.80 | 1.73
43 | 283.91 25.60 | 1.69 | 193.59 22.30 | 1.75 | 405.45 28.10 | 1.83
44 | 272.36 2530 ] 1.68 | 216.64 2220 | 1.98 | 357.22 26.20 | 1.99
45| 223.84 23.50 | 1.72 | 259.93 24.70 | 1.72 | 208.81 2340 | 1.63
46 | 396.95 27.60 | 1.89 [ 306.32 25.80 | 1.78 | 387.94 28.20 | 1.73
471 303.00 2540 | 1.85 | 289.21 2430 | 2.02 | 244.85 24.70 | 1.62
48 | 477.82 29.70 | 1.82 [ 324.36 26.60 | 1.72 | 316.47 26.30 | 1.74
49 | 336.78 26.30 | 1.85 | 305.45 26.50 | 1.64 | 295.90 2490 | 1.92
50 | 231.00 23.00 | 1.90 | 180.30 21.00 | 1.95 | 399.94 26.80 | 2.08
51| 356.79 27.10 | 1.79 | 307.35 26.20 | 1.71 | 183.70 21.70 | 1.80
52| 362.54 26.30 | 1.99 | 346.39 27.60 | 1.65 | 266.75 25.80 | 1.55
53| 221.84 23.50 | 1.71 [ 335.00 2640 | 1.82 | 203.37 21.90 | 1.94
54 | 268.71 25.50 | 1.62 [ 206.63 23.00 | 1.70 | 192.68 21.60 | 1.91
55| 143.30 21.60 | 1.42 | 330.41 27.60 | 1.57 | 190.20 22.50 | 1.67
56 | 212.90 23.50 | 1.64 [ 321.53 25.90 | 1.85 | 312.73 2540 ] 1.91
571 206.00 21.40 | 2.10 | 302.69 2520 | 1.89 | 387.59 2790 | 1.78
58 | 257.75 2490 | 1.67 | 243.57 2430 | 1.70 | 336.75 28.40 | 1.47
59 | 206.82 22.10 | 1.92 | 198.42 20.80 | 2.20 | 450.12 29.90 | 1.68
60 | 368.17 27.10 | 1.85 | 283.73 2570 | 1.67 | 312.38 25.50 | 1.88
61 | 396.68 26.20 | 2.21 | 192.37 2140 ] 1.96 | 296.71 25.30 | 1.83
62 | 300.00 2530 | 1.85 [ 443.52 29.20 | 1.78 | 195.70 2220 | 1.79
63 | 270.61 2520 | 1.69 | 359.11 2640 | 1.95 | 194.32 22.60 | 1.68
64 | 204.95 2230 | 1.85 [ 366.63 27.60 | 1.74 | 220.00 23.90 | 1.61
65| 210.33 24.00 | 1.52 ] 389.99 29.60 | 1.50 | 203.68 22.40 | 1.81
66 | 224.18 23.20 | 1.80 | 186.71 2120 | 1.96 | 201.11 2270 | 1.72
67 | 239.83 25.20 | 1.50 | 239.90 24.40 | 1.65 | 304.32 2590 | 1.75
68 | 154.97 20.30 | 1.85 | 285.63 25.80 | 1.66 | 247.86 25.50 | 1.49
69 | 312.72 26.10 | 1.76 | 271.50 25.60 | 1.62 | 239.28 23.90 | 1.75
70 | 374.30 28.00 | 1.71 [ 242.57 26.00 | 1.38 | 353.16 27.80 | 1.64
Average | 302.99 25.54 | 1.78 | 281.89 25.21 | 1.73 | 289.43 25.24 | 1.76
STDEV 88.11 2.41 | 0.18 70.18 2.22 | 0.16 81.56 2.35 | 0.16

*: Condition Factor value: A measure of the plumpness or fatness of aquatic

organisms. For fish, the condition factor is based on weight-length relationships.

K= 100*(W/L?)
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Figure 2. 1. O. aureus weight comparasion among tanks at 7 months
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Figure 2. 2. O. hornorum weight comparasion among tanks at 7 months
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Figure 2. 3. O. aureus weight comparasion among tanks at 10 months
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Figure 2. 4. O. hornorum weight comparasion among tanks at 10 months
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Figure 2. 5. O. aureus weight comparasion among tanks at 12 months
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Figure 2. 6. O. hornorum weight comparasion among tanks at 12 months
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Table 2. 9. Water environmental measurements of O. aureus ( at Hale Tuahine)

O. aureus
Week B1 B2 B3
pH | DO | Temp | pH | DO | Temp | pH | DO | Temp Notes

6| 6.6 242159 6.1 241 59| 5.7 244

6| 6.1 23.1 6 6 23.2 6| 59 23.2

6| 6.3 24.2 6| 5.8 24 6| 5.8 24.4

6 6| 258 6| 6.1 25.5 6| 6.1 25.7

59| 59 239159 59 241 58| 5.8 23.7

64| 6.7 21 | 58| 6.6 213 | 6.1 6 21.8

6.8 241 |1 63| 6.6 241 62| 63 24.1

58| 6.3 2341 57| 6.5 23156 | 64 23.6

58] 6.1 231 (57| 6.5 2291 58| 6.3 23.2

57| 62| 213 |57| 6.1 216 | 5.6 | 6.9 21.4

—_
— O[O ([ ([QI [N || W] |~
(o))
N

6| 6.1 239 | 58] 6.2 239 |55 6.1 242

1259 6.2 22.1 | 5.6 | 6.1 222 | 56| 6.1 22.1

13159] 65 251157 65 252 157 63 24.8

1457 62| 25657 6 25.6 | 5.7 6 25.7

15]55] 67 20.8 | 55| 6.2 20.7 | 55| 6.6 20.8

16 | 53] 64 22.1 | 54 ] 6.6 22.1 | 55] 6.7 222

17 6] 638 265159 175 264 | 58| 6.6 26.2

181 58] 6.5 249157 | 64 25157 65 25.5

19]159] 64 24.7 | 5.6 7 246 | 5.8 | 6.8 25.1 | stop water going to tanks
20 5|1 56| 267|147 58 263 | 4.7 6 25.8 | too much algea

21 46| 7.2 214 | 47| 1.7 21.6 | 47| 7.1 21.7 | water exchange 10% daily
22 55] 7.8 19.7 1 55| 84 199145 8.1 20.1 | Collected O. aureus

23

24
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Table 2.10. Water environmental measurements of O. hornorum ( at Hale

Tuahine)
O. hornorum
Week H1 H2 H3
pH | DO | Temp | pH | DO | Temp | pH | DO | Temp Notes
1159 63 24.7 | 5.88 | 5.95 244 | 5.87 | 5.67 25.1
2 6] 58 23.1 | 6.01 | 5.84 232 16.05| 5.5 23.4
3 6] 62 23.8 6| 6.15 23.8 1599 | 6.25 24.1
4159 6 25.7 | 6.02 | 6.05 25.6 6 | 6.03 25.5
5159 58 23.8 | 5.85 | 5.82 241591 | 5.87 23.8
6163 5 21.7 | 6.11 | 5.8 2151607 | 59| 21.6
7164 69 241 1 626 | 5.8 24.1 | 6.19 | 6.62 23.9
8| 58] 63 233 | 5.64 | 597 234 1562 | 62| 235
9158 6 23 1 5.69 | 6.12 232 [ 571 | 6.34 23.1
10| 57| 64 213 | 561 | 63 219 | 56| 6.1 21.7
11]59] 6.1 239 | 557 6.7 24.1 | 543 | 6.1 24.5
12 58] 6.1 22.1 | 581 | 6.13 223 | 5.84 | 6.05 222
13158 64 252 1574 | 647 253 581 | 63 25.6
14159 6 2541 5.76 | 5.89 25.6 | 5.73 | 6.01 25.8
15| 56| 6.6 20.7 | 5.45 | 6.42 20.6 | 5.6 | 6.22 20.8
16 | 55| 6.8 22.1 | 5.86 | 6.37 22.2 |1 545 ] 6.33 223
17155 69 26.5 579 | 6.83 26.6 | 5.8 |6.78 26.9
18] 58| 6.2 24.7 | 5.73 | 6.37 252 15.69 | 6.75 25
19| 59| 6.5 246 | 5.62 | 6.2 24.8 | 5.85 | 6.06 25 | stop water going to tanks
20 5] 58 263 1475 ] 5.8 259 | 4.54 | 5.69 26.1 | too much algea
21 1 47| 75 219 | 464 | 7.73 213 | 4.65 | 7.07 21.7 | water exchange 10% daily
22 | 4.5 8 19.8 | 4.52 | 8.21 19.9 | 4.47 8 19.9
23 | 4.7 8 223 1475 | 7.89 224 | 4.67 8 22.5
24 | 4.6 | 8.6 25.3 | 4.58 | 8.54 25.5 | 4.64 | 8.69 25.5
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Table 3.1. Raw data of RNA measurement of O. hornorum during 12 months

RNA/
Wet Initial wet
Fish | weight oD RNA Total Dilution | Dilution wt
Month | ID (grs) OD1 | OD2 avg (ng/ml) volume [ (x) (x) mg/ml | (ng/g)
4 1 0.213 | 0.791 | 0.801 [ 0.796 21.089 8.500 20 15[ 0.710 | 29.702
2 0.216 | 0.807 | 0.781 [ 0.794 21.030 8.500 20 15 [ 0.720 | 29.208
3 0.215 | 0.777 | 0.781 [ 0.779 20.586 8.500 20 151 0.717 | 28.724
4 0212 ] 0.759 | 0.760 [ 0.760 20.009 8.500 20 15 0.707 | 28.314
5 0.216 | 0.794 [ 0.771 [ 0.783 20.689 8.500 20 151 0.720 | 28.735
7 1 0.214 [ 0.833 [ 0.842 | 0.838 22.317 8.500 20 151 0.713 | 31.285
2 0.210 | 0.858 | 0.857 [ 0.858 22.908 8.500 20 15 [ 0.700 | 32.726
3 0.213 [ 0.851 [ 0.848 [ 0.850 22.672 8.500 20 15 ] 0.710 | 31.932
4 0212 ] 0.843 | 0.846 [ 0.845 22.524 8.500 20 15[ 0.707 | 31.873
5 0.216 | 0.860 | 0.842 | 0.851 22.716 8.500 20 15[ 0.720 | 31.550
10 1 0.213 [ 0.683 [ 0.705 [ 0.694 18.071 8.500 20 15 ] 0.710 | 25.452
2 0.215 | 0.690 | 0.667 [ 0.679 17.612 8.500 20 15 [ 0.717 | 24.575
3 0.217 | 0.690 [ 0.681 [ 0.686 17.820 8.500 20 151 0.723 | 24.635
41 0211 ] 0.692 | 0.729 | 0.711 18.559 8.500 20 151 0.703 | 26.387
5 0.212 | 0.708 | 0.710 [ 0.709 18.515 8.500 20 15 [ 0.707 | 26.200
12 1 0.215 [ 0.501 [ 0.526 [ 0.514 12.731 8.500 20 15 0.717 | 17.764
2 0.213 | 0.516 | 0.520 [ 0.518 12.864 8.500 20 15 0.710 | 18.118
3 0.216 | 0.536 | 0.527 [ 0.532 13.263 8.500 20 15 [ 0.720 | 18.421
41 0210 ] 0.531 | 0.562 | 0.547 13.707 8.500 20 15 ] 0.700 | 19.582
5 0.214 | 0.521 [ 0.532 [ 0.527 13.115 8.500 20 15| 0.713 | 18.386
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Table 3.2. Raw data of DNA measurement of O. aureus during 12 months

O. aureus
Wet Total Dilution
Fish | weight oD DNA volume | volume DNA/ wet
Month | ID (grs) OD1 | OD2 | avg (ng/ml) | (ml) (ml) mg/ml | wt (mg/g)

4 1 0.211 | 0.268 | 0.274 | 0.271 12.952 6.0 2.0 0.155 0.737
2| 0206|0277 | 0272 | 0.275 13.163 6.0 2.0 0.158 0.767

3] 0204|0277 | 0.283 | 0.280 13.494 6.0 2.0 0.162 0.794

4| 0.200 | 0.285 | 0.288 | 0.287 13.886 6.0 2.0 0.167 0.833

51 0.221]0.276 | 0.283 | 0.280 13.464 6.0 2.0 0.162 0.731

7 1 0.214 | 0.214 | 0.216 | 0.215 9.578 6.0 2.0 0.115 0.537
2| 0215]0.211 | 0.215 | 0.213 9.458 6.0 2.0 0.113 0.528

3] 02120219 | 0.216 | 0.218 9.729 6.0 2.0 0.117 0.551

4| 0215]0.215| 0.211 | 0.213 9.458 6.0 2.0 0.113 0.528

5| 0214 0.219 | 0.216 | 0.218 9.729 6.0 2.0 0.117 0.546

10 1 0.212 | 0.211 | 0.209 | 0.210 9.277 6.0 2.0 0.111 0.525
2| 0209 | 0215 | 0.218 | 0.217 9.669 6.0 2.0 0.116 0.555

3] 021410209 | 0.212 | 0.211 9.307 6.0 2.0 0.112 0.522

41 0213 ]0212] 0.216 | 0.214 9.518 6.0 2.0 0.114 0.536

5| 0216 | 0.216 | 0.216 | 0.216 9.639 6.0 2.0 0.116 0.535

12 1 0.214 | 0.161 | 0.158 | 0.160 6.235 6.0 2.0 0.075 0.350
2| 0213 ]0.166 | 0.160 | 0.163 6.446 6.0 2.0 0.077 0.363

3| 0211 |0.156 | 0.160 | 0.158 6.145 6.0 2.0 0.074 0.349

4| 0.215]0.160 | 0.158 | 0.159 6.205 6.0 2.0 0.074 0.346

5| 0211 0.161 | 0.164 | 0.163 6.416 6.0 2.0 0.077 0.365
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Table 3.3. Raw data of DNA measurement of O. hornorum during 12 months

O. hornorum

Wet Total Dilution
Fish | weight OD DNA volume | volume DNA/ wet wt
Month | ID (grs) OD1 | OD2 | avg (ug/ml) | (ml) (ml) mg/ml | (mg/g)

4 1 0.213 | 0.250 | 0.253 | 0.252 11.777 6.0 2.0 0.141 0.663
2| 0216 | 0.260 | 0.255 | 0.258 12.139 6.0 2.0 0.146 0.674

3| 0215 0.256 | 0.250 | 0.253 11.867 6.0 2.0 0.142 0.662

4] 0212 | 0.248 | 0.246 | 0.247 11.506 6.0 2.0 0.138 0.651

5] 0216 | 0.246 | 0.248 | 0.247 11.506 6.0 2.0 0.138 0.639

7 1 0.214 | 0.221 | 0.223 | 0.222 10.000 6.0 2.0 0.120 0.561
2| 0210 | 0.221 | 0.216 | 0.219 9.789 6.0 2.0 0.117 0.559

3| 0213 | 0.217 | 0.227 | 0.222 10.000 6.0 2.0 0.120 0.563

4] 0212 ] 0.223 | 0.221 | 0.222 10.000 6.0 2.0 0.120 0.566

5| 0216 | 0.225 | 0.229 | 0.227 10.301 6.0 2.0 0.124 0.572

10 1 0.213 | 0.194 | 0.202 | 0.198 8.554 6.0 2.0 0.103 0.482
2| 0215 0.207 | 0.206 | 0.207 9.066 6.0 2.0 0.109 0.506

3] 0217 ] 0.195 | 0.200 | 0.198 8.524 6.0 2.0 0.102 0.471

4| 0211 0.189 | 0.195 | 0.192 8.193 6.0 2.0 0.098 0.466

5] 0212 0.202 | 0.207 | 0.205 8.946 6.0 2.0 0.107 0.506

12 1 0.215 | 0.146 | 0.150 | 0.148 5.542 6.0 2.0 0.067 0.309
2| 0213 | 0.158 | 0.155 | 0.157 6.054 6.0 2.0 0.073 0.341

3| 0216 | 0.155 | 0.153 | 0.154 5.904 6.0 2.0 0.071 0.328

4] 0210 ] 0.152 | 0.148 | 0.150 5.663 6.0 2.0 0.068 0.324

5| 0214 0.157 | 0.154 | 0.156 5.994 6.0 2.0 0.072 0.336
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Table 3.4. Raw data of RNA measurement of O. aureus during 12 months

Month | Fish | Wet OD1 OoD2 (0))] RNA Total Initial Dilution | mg/ml RNA/
ID weight avg (ng/ml) | volume | Dilution | (x) wet wt

(grs) (ml) x) (ng/g)

4 1 0.211 0.893 | 0.895 [ 0.894 | 23.988 | 8.5 20 15 0.703 34.106
2 0.206 0.883 | 0.892 | 0.888 | 23.796 | 8.5 20 15 0.687 34.654

3 0.204 0.876 | 0.905 | 0.891 | 23.885 | 8.5 20 15 0.680 35.124

4 0.200 0.871 | 0.894 | 0.883 | 23.648 | 8.5 20 15 0.667 35.472

5 0.221 0.904 | 0.904 | 0.904 | 24.284 | 8.5 20 15 0.737 32.965

7 1 0.214 0.841 | 0.842 [ 0.842 | 22.435 | 8.5 20 15 0.713 31.451
2 0.215 0.827 | 0.821 | 0.824 | 21.917 | 8.5 20 15 0.717 30.582

3 0.212 0.822 | 0.819 | 0.821 | 21.814 | 8.5 20 15 0.707 30.868

4 0.215 0.858 | 0.851 [ 0.855 | 22.820 | 8.5 20 15 0.717 31.841

5 0.214 0.832 | 0.840 | 0.836 | 22.272 | 8.5 20 15 0.713 31.223

10 1 0.212 0.661 | 0.658 [ 0.660 | 17.050 | 8.5 20 15 0.707 24.128
2 0.209 0.624 | 0.625 | 0.625 | 16.015 | 8.5 20 15 0.697 22.988

3 0.214 0.658 | 0.652 [ 0.655 | 16.917 | 8.5 20 15 0.713 23.716

4 0.213 0.655 | 0.664 | 0.660 | 17.050 | 8.5 20 15 0.710 24.015

5 0.216 0.666 | 0.654 | 0.660 | 17.065 | 8.5 20 15 0.720 23.702

12 1 0.214 0.551 | 0.527 | 0.539 | 13.485 | 8.5 20 15 0.713 18.904
2 0.213 0.490 | 0.484 | 0.487 | 11.947 | 8.5 20 15 0.710 16.826

3 0.211 0.529 | 0.529 | 0.529 | 13.189 | 8.5 20 15 0.703 18.753

4 0.215 0.513 | 0.506 | 0.510 | 12.612 | 8.5 20 15 0.717 17.599

5 0.211 0.511 | 0.490 | 0.501 12.346 | 8.5 20 15 0.703 17.554
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Table 4. 1. Ash composition

Q. aureus
Cruible | Cruible and | Cruible % mean
Fish ID Wt sample Wt and ash Wt | Sample Wt | Ash Wt | % Ash | ash/ fish
1.1 | 29.6507 33.6133 29.6913 3.9626 0.0406 | 1.0246 | 1.0552
1.2 | 29.4974 31.8735 29.5232 2.3761 0.0258 | 1.0858
2.1 | 28.8089 31.3961 28.8308 2.5872 0.0219 | 0.8465 | 0.9052
2.2 | 28.6710 31.5445 28.6987 2.8735 0.0277 | 0.9640
3.1 | 29.6423 31.8952 29.6671 2.2529 0.0248 | 1.1008 | 1.0094
3.2 | 29.5154 31.5524 29.5341 2.0370 0.0187 | 0.9180
4.1 | 28.9607 31.4826 28.9885 2.5219 0.0278 | 1.1023 | 1.1218
421 29.5188 329185 29.5576 3.3997 0.0388 | 1.1413
5.1 ] 29.2136 31.7512 29.2352 2.5376 0.0216 | 0.8512 | 0.8268
5.2 | 30.3978 33.3014 30.4211 2.9036 0.0233 | 0.8025
6.1 | 33.1670 35.6472 33.1927 2.4802 0.0257 | 1.0362 | 1.0458
6.2 | 31.0787 33.0970 31.1000 2.0183 0.0213 | 1.0553
Average 29.8435 32.5061 29.8700 2.6626 0.0265 | 0.9940
STDEV 1.2399 1.2685 1.2392 0.5614 0.0067 | 0.1149 | 0.1085
O. hornorum
Cruible | Cruible and Cruible and % mean
Fish ID Wt sample Wt ash Wt Sample Wt | Ash Wt | % Ash | ash/ fish
7.1 | 29.4278 31.7471 29.4535 2.3193 0.0257 | 1.1081 | 1.1098
7.2 | 30.5037 32.5278 30.5262 2.0241 0.0225 | 1.1116
8.1 | 28.4330 30.6557 28.4535 2.2227 0.0205 | 0.9223 | 0.9843
8.2 | 27.8565 30.7809 27.8871 2.9244 0.0306 | 1.0464
9.1 | 28.9743 31.8117 29.0047 2.8374 0.0304 | 1.0714 | 1.0492
9.2 | 30.6757 33.2559 30.7022 2.5802 0.0265 | 1.0271
10.1 | 28.9087 31.3873 28.9337 2.4786 0.0250 | 1.0086 | 1.0766
10.2 | 30.3701 33.2272 30.4028 2.8571 0.0327 | 1.1445
11.1 | 29.8286 33.0085 29.8618 3.1799 0.0332 | 1.0441 | 1.0208
11.2 | 30.4421 33.1587 30.4692 2.7166 0.0271 | 0.9976
12.1 | 30.4600 33.0920 30.4887 2.6320 0.0287 | 1.0904 | 1.1077
12.2 | 29.0601 31.8777 29.0918 2.8176 0.0317 | 1.1251
Average 29.5784 32.2109 29.6063 2.6325 0.0279 | 1.0581
STDEV 0.9368 0.9612 0.9370 0.3277 0.0040 | 0.0635 | 0.0486
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Table 4. 2 Moisture composition of O. aureus fillets

O. aureus
Dish & Dried % mean
Dish sample | Dish & dried | Sample sample Moisture | % moisture/
FishID | Wt Wt sample Wt Wt Wt Wt Moisture | fish
1.1 ] 1.0150 8.1800 2.3550 7.1650 1.3400 5.8250 81.2980 | 80.8889
1.2 ] 1.0190 8.5650 2.4920 7.5460 1.4730 6.0730 80.4797
2.1 | 1.0100 8.4570 2.4700 7.4470 1.4600 5.9870 80.3948 | 80.2954
2.2 1 0.9980 8.2390 2.4320 7.2410 1.4340 5.8070 80.1961
3.1 | 1.0220 8.3600 2.4870 7.3380 1.4650 5.8730 80.0354 | 80.0092
3.2 | 1.0250 8.0640 2.4340 7.0390 1.4090 5.6300 | 79.9830
4.1 ] 1.0010 8.4200 2.4820 7.4190 1.4810 5.9380 80.0377 | 80.0907
4.2 1 0.9900 8.5090 2.4830 7.5190 1.4930 6.0260 80.1436
5.1 | 1.0210 8.1150 2.3700 7.0940 1.3490 5.7450 80.9839 | 80.9191
5.2 | 1.0300 8.7550 2.5090 7.7250 1.4790 6.2460 80.8544
6.1 | 1.5750 8.7190 2.9940 7.1440 1.4190 5.7250 80.1372 | 80.1966
6.2 | 1.5840 8.7710 3.0030 7.1870 1.4190 5.7680 80.2560
Average | 1.1075 8.4295 2.5426 7.3220 1.4351 5.8869 | 80.4000 | 80.4000
STDEV | 0.2208 0.2464 0.2183 0.2110 0.0504 0.1738 0.4259 | 0.4023
O. hornorum
% mean
Dish and | Dish and Dried moisture/
Dish sample dried sample | Sample | sample | Moisture | % fish
FishID | Wt Wt Wt Wt Wt Wt Moisture
7.1 | 1.0061 | 8.6488 2.6782 7.6427 1.6721 5.9706 78.1216 | 78.1427
7.2 | 1.0166 | 8.3892 2.6265 7.3726 1.6099 5.7627 78.1637
8.1 | 0.9958 | 8.1032 2.5783 7.1074 1.5825 5.5249 77.7345 77.6195
8.2 | 1.0002 | 8.1572 2.6102 7.1570 1.6100 5.5470 77.5045
9.1 | 1.0133 | 8.1702 2.5807 7.1569 1.5674 5.5895 78.0995 78.0615
9.2 | 1.0052 | 8.6379 2.6826 7.6327 1.6774 5.9553 78.0235
10.1 | 1.0272 | 8.8057 2.7905 7.9448 1.7633 6.0152 77.3311 77.9019
10.2 | 1.0282 | 8.9730 2.7385 7.7785 1.7103 6.2345 78.4727
11.1 | 1.0270 | 8.8706 2.7005 7.8436 1.6735 6.1701 78.6641 78.4871
11.2 | 1.0203 | 8.7884 2.7052 7.7681 1.6849 6.0832 78.3100
12.1 | 0.9881 | 8.5673 2.6850 7.5792 1.6969 5.8823 77.6111 77.6430
12.2 | 1.0111 | 8.9049 2.7734 7.8938 1.7623 6.1315 77.6749
Average | 1.0116 | 8.5847 2.6791 7.5731 1.6675 | 5.9056 77.9759 | 77.9759
STDEV | 0.0130 | 0.3100 0.0697 0.3025 0.0641 0.2475 0.4074 0.328559
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Table 4. 3. Fat composition of O. aureus fillets

O. aureus
Dish and
initial Dish &
Dish sample dried Final % mean
FishID | Wt Wt sample Wt weight Sample Wt | Fat Wt % Fat | fat/fish
1.1 | 1.0150 8.1800 2.5920 2.5410 7.1650 0.0510 | 0.7118 0.7535
1.2 ] 1.0190 8.5650 2.7290 2.6690 7.5460 0.0600 | 0.7951
2.1 ] 1.0100 8.4570 2.6430 2.5860 7.4470 0.0570 | 0.7654 0.7487
2.2 1 0.9980 8.2390 2.6360 2.5830 7.2410 0.0530 | 0.7319
3.1 ] 1.0220 8.3600 2.6730 2.6270 7.0390 0.0460 | 0.6535 0.6674
3.2 | 1.0250 8.0640 2.6190 2.5690 7.3380 0.0500 | 0.6814
4.1 [ 1.0010 8.4200 2.7030 2.6490 7.4190 0.0540 | 0.7279 0.7031
4.2 1 0.9900 8.5090 2.6890 2.6380 7.5190 0.0510 | 0.6783
5.1 | 1.0210 8.1150 2.5900 2.5390 7.0940 0.0510 | 0.7189 0.7478
5.2 1 1.0300 8.7550 2.7270 2.6670 7.7250 0.0600 | 0.7767
6.1 | 1.5750 8.7190 3.2370 3.1870 7.1440 0.0500 | 0.6999 0.6561
6.2 | 1.5840 8.7710 3.2170 3.1730 7.1870 0.0440 | 0.6122
Average | 1.1075 8.4295 2.7546 2.7023 7.3220 0.0523 | 0.7128 0.7128
STDEV [ 0.2208 0.2464 0.2256 0.2276 0.2110 0.0049 | 0.0524 0.0437
SEM 0.0178
O. hornorum
Dish and
initial
Dish sample Dish & dried | Final Sample % mean
FishID | Wt Wt sample Wt wt Wt Fat Wt | % Fat | fat/fish
7.1 | 1.0061 8.6488 2.6782 2.5998 7.6427 0.0784 | 1.0258 0.9809
7.2 | 1.0166 8.3892 2.6265 2.5575 7.3726 0.0690 | 0.9359
8.1 ] 0.9958 8.1032 2.5783 2.5079 7.1074 0.0704 | 0.9905 1.0004
8.2 | 1.0002 8.1572 2.6102 2.5379 7.1570 0.0723 | 1.0102
9.1 | 1.0133 8.1702 2.5807 2.5120 7.1569 0.0687 | 0.9599 0.9791
9.2 | 1.0052 8.6379 2.6826 2.6064 7.6327 0.0762 | 0.9983
10.1 | 1.0272 8.8057 2.7905 2.7256 7.9448 0.0649 | 0.8344 0.8804
10.2 | 1.0282 8.9730 2.7385 2.6649 7.7785 0.0736 | 0.9264
11.1 | 1.0270 8.8706 2.7005 2.6350 7.8436 0.0655 | 0.8351 0.8604
11.2 | 1.0203 8.7884 2.7052 2.6364 7.7681 0.0688 | 0.8857
12.1 ] 0.9881 8.5673 2.6850 2.6226 7.5792 0.0624 | 0.8233 0.8899
12.2 ] 1.0111 8.9049 2.7734 2.6979 7.8938 0.0755 | 0.9564
Average | 1.0116 8.5847 2.6791 2.6087 7.5731 0.0705 | 0.9318 0.9318
STDEV | 0.0130 0.3100 0.0697 0.0698 0.3025 0.0049 | 0.0720 0.0614
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Table 4. 4. Protein composition

O. aureus
% % mean % mean
% mean | Moistur | moistur % mean | % protein/
FishID | % Ash ash/fish | e e/ fish % Fat fat/fish protein | fish
1.1 0.9582 0.9714 | 81.2980 | 80.8889 0.7118 0.7535 | 17.0320 | 17.3863
1.2 0.9846 80.4797 0.7951 17.7405
2.1 0.9241 0.9311 | 80.3948 | 80.2954 0.7654 0.7487 | 17.9157 | 18.0248
2.2 0.9380 80.1961 0.7319 18.1339
3.1 1.0324 1.0251 | 80.0354 | 80.0092 0.6535 0.6674 | 18.2786 | 18.2982
3.2 1.0178 79.9830 0.6814 18.3179
4.1 0.9619 1.0597 | 80.0377 | 80.0907 0.7279 0.7031 | 18.2725 | 18.1465
4.2 1.1575 80.1436 0.6783 18.0206
5.1 1.1097 1.1405 | 80.9839 | 80.9191 0.7189 0.7478 | 17.1874 | 17.1926
5.2 1.1712 80.8544 0.7767 17.1978
6.1 0.9498 0.9422 | 80.1372 | 80.1966 0.6999 0.6561 | 18.2131 | 18.2052
6.2 0.9346 80.2560 0.6122 18.1972
Average 1.0117 1.0117 | 80.4000 | 80.4000 0.7128 0.7128 | 17.8756 | 17.8756
STDEV 0.0883 0.0800 0.4259 0.4023 0.0524 0.0437 0.4753 | 0.4667

O. hornorum

% % mean % mean
% mean | Moistur | moisture % mean | % protein/
Fish ID % Ash ash/fish | e / fish % Fat fat/fish protein fish
7.1 1.1081 1.1098 | 78.1216 | 78.1427 1.0258 0.9809 | 19.7445 19.7666
7.2 1.1116 78.1637 0.9359 19.7888
8.1 0.9223 0.9843 | 77.7345 | 77.6195 0.9905 1.0004 | 20.3527 | 20.3958
8.2 1.0464 77.5045 1.0102 20.4389
9.1 1.0714 1.0492 | 78.0995 | 78.0615 0.9599 0.9791 19.8692 | 19.9102
9.2 1.0271 78.0235 0.9983 19.9511
10.1 1.0086 1.0766 | 77.3311 | 77.9019 0.8344 0.8804 | 20.8259 | 20.1411
10.2 1.1445 78.4727 0.9264 19.4564
11.1 1.0441 1.0208 | 78.6641 | 78.4871 0.8351 0.8604 | 19.4567 | 19.6317
11.2 0.9976 78.3100 0.8857 19.8067
12.1 1.0904 1.1077 | 77.6111 | 77.6430 0.8233 0.8899 | 20.4752 | 20.3594
12.2 1.1251 77.6749 0.9564 20.2436
Average 1.0581 77.9759 | 77.9759 0.9318 0.9318 | 20.0341 | 20.0341
STDEV 0.0635 0.0486 0.4074 0.3286 0.0720 0.0614 0.4293 0.3152
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250
100
75

50
35

25

10

Figure 5.1. SDS PAGE of soluble protein degradation of O. hornorum 2 at 0 hour to 7 days on
10% gel (with 20mA and 55 minutes)
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Figure 5.2. SDS PAGE of soluble protein degradation of O. hornorum 3 at 0 hour to 7 days on

10% gel (with 20mA and 55 minutes)

74



Ladder Oh 6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.3. SDS PAGE of total protein degradation of O. hornorum 2 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)

Ladder Oh 6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.4. SDS PAGE of total protein degradation of O. hornorum 3 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)
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Ladder Oh 6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.5. SDS PAGE of total protein degradation of O. hornorum 4 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)

Ladder Oh 6h 12h

Figure 5.6. SDS PAGE of total protein degradation of O. hornorum 5 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)
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Ladder Oh 6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.7. SDS PAGE of total protein degradation of O. hornorum 6 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)

Ladder Oh 6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.8. SDS PAGE of soluble protein degradation of O. aureus 2 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)
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Ladder Oh  6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.9. SDS PAGE of soluble protein degradation of O. aureus 3 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)

Ladder Oh 6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.10. SDS PAGE of total protein degradation of O. aureus 2 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)
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Ladder Oh  6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.11. SDS PAGE of total protein degradation of O. aureus 3 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)

Ladder Oh  6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.12. SDS PAGE of total protein degradation of O. aureus 4 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)
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Ladder Oh 6h 12h 24h 2d 3d 4d 5d 6d 7d

—

| — —— — — — — ———

Figure 5.13. SDS PAGE of total protein degradation of O. aureus S at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)

Ladder Oh 6h 12h 24h 2d 3d 4d 5d 6d 7d

Figure 5.14. SDS PAGE of total protein degradation of O. aureus 6 at 0 hour to 7 days on 10%

gel (with 20mA and 55 minutes)
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Table 6.1. All primers were design by primers 3 and prediction from NCBI gene banks.

Name Forward (left primers) Reverse(right primers) Size
Pax] 5'- CATCCAGCAACCACATGAAC-3’  5-CAGGCTGTCCACACTCTTGA-3"
Tm: 54.3°C Tm: 57°C
?gygli)lo ticus) 5'- TGTGAGTTCCTGACGCTTTG-3'  5- TTTCCAGGCAATCTGAGGAC-3' o
: Tm: 55.3°C Tm: 56.6°C
(“gyl‘\’ﬁleo‘:'c‘ g 3 ACCAGCGCTTCTATGAAGGA-3' 5 -TCCTCGGTACCTGTCACTCC-3 o
. u Tm: 56.0°C Tm: 58.0°C
(1‘3::::::;“) 5’- AACCGTTCATGGAGGTGAAG-3"  5'~ CTTGTAGCGTTTTGGTGCAA-3' |
Tm: 55.0°C Tm: 54.1°C
Beta actin 5" -CAGGGAGAAGATGACCCAGA-3’ 5’ -CAGGGCATAACCCTCGTAGA-3" | o
Tm: 55.8°C Tm: 56.1°C
Ladder 1 Z 3 Control 4 Control S
200 kD
100 kU
Figure 6.1. Primers checking by 1.5% gel aragose.
Rnvs Cycle
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1 2 |_ 3 4 5 | 6 7 | 3 | 9 10 | 11 | |
Figure 6. 2. Primarily test for Real Time PCR ( 12 months sample)
1. Pax7
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2. MyoD

3. Myostatin

4. Myogennin

5. Beta actin

Figure 6.3. Gel picture of RNA checking of O. hornorum at 12 months
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