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CHARACTERIZATION OF CROSSBREEDING BETWEEN GIFT AND
UPM RED TILAPIA

By

NWACHI OSTER FRANCIS

February 2018

Chairman . Yuzine B Esa PhD
Faculty . Agriculture

This study was carried out to evaluate the possibility of producing hybrids of different
crossing between Genetically Improved Farm Tilapia (GIFT) and UPM red tilapia
(Oreochromis sp.) aiming to produce reddish coloured version of new generations of
a first filial (F1) reciprocal (nF1), second filial (F2), backcross (BcF1) and its reciprocal
(nBcFy). The strains produced were assessed for possibility of inheriting the
phenotypic traits of UPM red tilapia and qualitative traits of GIFT, their growth
performance in aquarium and fish cages. To prevent misidentification for stock
management, morphomeristic traits and mitochondria control region (MtDNA)
analyses were carried out for classification and identification.

In experiment one, broodstock of UPM red tilapia (Pure 1) and GIFT (Pure 2) were
selected based on standard method and paired into the ratio of female to male (3:1) to
produce F1 and reciprocal nF1. Offspring of F1 were then selected and used as the
parents stock to produce F» and backcross by mating (UPM red tilapia x F1) to give
BcF: and (GIFT x F1) to give nBcF1. The inheritance trait of body colour of different
crossing produced four different phenotypic colourations; reddish colour, red with
dark blotches, wild type (dark) and mixed red-wild type of F1, nF{, Pure 1 and Pure 2
with various percentages of reddish colour phenotype. The F2 BcFi and nBcF:
produced faded wild type, red with dark blotches, red with dark posterior patches and
mixed wild type. The highest percentage (64.61%) of reddish colour type were
produced from the F1. The successful of the crosses were determined based on the time
of fry were produced. Results showed nF; was produced at a mean time span of 21.93
days after four successful trials compared to 14.53, 14.72 and 14.2 days by the Pure
2, Pure 1 and F1. Similarly the F1 outperform the others by producing a mean total fry
of 154.65 compared to Pure 1, Pure 2, and nF; which were 148.16, 149.37, and 137.77.



There is high level of possibility that the body colour of male influenced the female
attracted to male based on shorter number of days for the successful of spawning.

In experiment two, the growth performance and feed conversion ratio (FCR) of Pure
1, Pure 2, F1 and BcF1 were assesses. The F1 and BcF1 were selected among the other
strains that were produced due to ability of these strains producing higher percentage
of reddish colour of fry. The experiment was conducted in two culture systems which
were aquarium and fish cages. The F1, BcFiand their base parent (Pure 1 and Pure 2)
were stocked at a stocking density of 0.1L* with mean body weight and total length
of 7.84 g and 7.77 cm in aquarium, 300 tails per cage (3.5mx1.2mx3.5 m) in cages
with size of 8.19 g at 8.46 cm in triplicates. Growths were presented in a mean body
weight and recorded 332.15 g for F1 compared to 264.69 g, 271.42 g and 320.02 g
with the values of FCR 1.1 for pure 1, pure 2 and BcFy, respectively. In aquarium,
weight gain of F1 was 40.55 g compared to 33.46 g, 40.87 g and 39.15 g with FCR of
1.38, 1.29 and 1.01 for Pure 1, Pure 2 and BcF; respectively. The F1 has the highest
FCR in both aquariums (1.0) and cages (1.08). Besides, F1 and BcF1 in both systems
showed higher growth rate compared to their base parents at a culture days of 52 in
aquarium and 150 days in cages.

In experiment three, morphomeristic components of Pure 1, Pure 2, F1 and BcF1 were
measured based on truss network protocol by measuring 20 morphometric and five
meristic components to predict and classified each strain using discriminate analysis
(DFA) and principal component analysis (PCA) using SPSS and Unscramble@X
statistical tool software. The discriminate coefficient score of upper lip length recorded
the highest (.825) among the others, which is for predicting the group at which the
strains belong. The pelvic length, lower lip length and cheek depth were at .690, .629,
and. 525, while their meristic counts for dorsal fin and anal fin were .993 and .992.
Eigen values of three Functions derived were .721, 3.202 and 150.406 in
morphometric, and .313 and 1.408 in two Functions for meristic counts as the best
predicting for discrimination for each cross. The morphometric predicting components
loaded 52% at PC1, 11% for PC2, and 59% at PC1 and 29% for PC2 for the meristic
component. The random prediction values for morphometric and meristic were 80, 72,
92 and 96% and 96, 72, 60 and 12% for Pure 1, Pure 2, F1 and BcF respectively. This
shows that morphometric traits could be used in assigning all the strains to their base
parents. However based on meristic traits, BcF1 could not be assigned to their base
parents. It can infer that 93% of the prediction correlate correctly classify to the strain
using their morphometric trait, while prediction level resulted to correct placing at
60% of meristic traits.

In experiment four, identification of Pure 1, Pure 2 their F1 and BcF1 was carried out
to evaluate the genetic variability and phylogeny of each strain using mtDNA.
Genomic DNA was extracted from each strain (n=26) from 25 mg of muscles tissue
using Promega USA test kit. The extracted DNAs were viewed in a gel electrophoresis
under ultraviolet light using Gel doc XR system Pc and Mac from USA for the
qualitative validation. The extracted DNAs were subjected to polymerise chain



reaction (PCR) at their mitochondria control region using ORMT-F 5’-
CTAACTCCCAAAGCTAGGAATTCT-3’and ORMT-R 5’-
CTTATGCAAGCGTCGATGAAA-3 primer at pre-denaturation step for 94% at 3
min in a cycle of 35, denaturation at 94% for 30 s, annealing at 54°C for 40 s, extension
at 72°C for 40 s and a final extension step of 72°C for 10 min.

The multiple sequences were aligned with clustalW in BioEdit software. Evolutionary
analysis of each strain was conducted with MEGA software using neighbour-joining
(NJ) tree, maximum parsimony, and maximum likelihood with control region
sequence and out-groups from the same family; (Oreochromis. niloticus (Genbank
accession number: KC 811379.1) and (Tilapia zilli (Genbank accession number: AF
3288531). This was constructed with the Kimura 2 parameter distance model. The
branching order of the tree was tested by bootstrapping at 1050 replicates data. Pure
1, Pure 2, F1 and BcF:1 were found varied based on the variation in the degree of
polymorphism. Pure 2 has the highest nucleotide diversity (0.0302) with a total of 4
control regions while the other stains have one single region. Pure 2 has the highest
haplotype diversity (0.2933) although, out of five of the haplotype that were observed
in the samples of Pure 1, F1 and BcF: shared one between them. It is of note that the
phylogenetic analysis in this study verified monophyletic relationship based on the
high value of consistency index (0.805556) and retention index (0.758621). The high
level of relatedness with consistence overlap and clustering are linked to the low
genetic distance (0.1). Despite the closeness of the strain to each other, their control
region analysis reveal a uniqueness that was specific to individuals and could be used
for identification

Overall F1 and BcF; that are reddish in colour were able to produce with higher FCR
recorded than their parents. Improvement of mean weight gain revealed heterosis of
the F1 and BcF; as a result of qualitative traits from Pure 2. Pure 1 and Pure 2 females
showed more attracted to male of same colour or male of reddish colouration during
mating. Lastly, every strain could be assigned to their base parents using their
predicting components (morphomeristic), and the mtDNA control region was found
useful in validated the identity of each strains.
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Kajian ini dijalankan untuk menghasikan kacukan yang berbeza diantara Genetically
Improved Farm Tilapia (GIFT) dan tilapia merah UPM (Oreochromis sp.) bertujuan
untuk menghasilkan generasi baru iaitu generasi filial pertama (F1), silang kacuk
(nF1), generasi kedua filial (F2), timbal balas (BcF1) and silang timbal balas (nBcF1)
yang berwarna merah. Generasi baru yang terhasil di nilai berdasarkan keupayaan
mewariskan fenotipik baka daripada tilapia merah UPM dan kualiti baka daripada
pada GIFT, prestasi pembesaran di dalam akuarium dan sangkar. Untuk mngelakkan
kekeliruan bagi pengurusan stok, analisis baka morfometrik dan bahagian tetap
mitokondria dijalankan untuk pengelasan dan pengenalpastian.

Bagi ujikaji kedua, induk tilapia merah UPM (induk asal 1) dan GIFT (induk asal 2)
dipilih berdasarkan kaedah yang ditetapkan dan dipasangkan dengan nisbah betina
kepada jantan (3:1) untuk menghasilkan kacukan balik nF1l. Generasi pertama
daripada F: dipilih semula sebagai induk untuk menghasilkan F» dan timbal balas
dengan mengacukkan (tilapia merah UPM x F1) untuk menghasilkan BcF: dan (GIFT
x F1) untuk menghasilkan nBcF:. Baka bagi pewarisan warna badan bagi kacukan
yang berbeza menghasilkan empat fenotipik warna yang berbeza; merah, merah
dengan tompok gelap, warna liar (gelap), dan campuran warna merah-liar bagi F1, nF1,
induk asal 1 and induk asal 2 dengan peratusan fenotip warna yang pelbagai.. Bagi F2,
BcF: dan nBcF: menghasilkan warna liar yang pudar, merah dengan tompok gelap,
warna merah dengan warna gelap di bahagian hadapan dan campuran warna liar.
Peratusan tertinggi (64.61%) bagi warna jenis merah dihasilkan daripada F1. Kejayaan
kacukan ditentukan berdasarkan masa anak ikan dihasilkan. Keputusan menunjukkan
nF1 dihasilkan pada purata tempoh masa 21.93 dalam tempoh empat kejayaan
percubaan berbanding 14.53, 14.72 dan 14.2 bagi induk asal 1, 2 dan F1. Begitu juga,
F1 lebih menonjol berbanding yang lain dengan menghasilkan purata jumlah anak ikan
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154.65 berbanding induk asal 1, 2, dan nF; iaitu 148.16, 149.37 dan 137.77. Terdapat
kemungkinan warna badan induk jantan mempengaruhi pemilihan bagi induk betina
tertarik kepada induk jantan berdasarkan jumlah hari yang lebih pendek bagi kejayaan
pengawanan.

Dalam kajian kedua, prestasi pembesaran dan kadar penukaran makanan (FCR) bagi
induk asal 1, induk asal 2, F; dan BcF: dinilai. F1 dan BcF: dipilih di antara kacukan
yang lain kerana keupayaan menghasilkan peratusan anak ikan yang berwarna merah.
Kajian di jalankan dalam dua sistem yang berbeza iaitu akuarium dan sangkar.
Kacukan Fi1, BcFy, induk asal 1 dan 2 di kumpulkan pada kepadatan 0.1L* dengan
purata berat dan panjang 7.84 g dan 7.77 sm di dalam akuarium, dan 300 ekor per
sangkar (3.5mx1.2mx3.5 m) dengan saiz 8.19 g dan 8.46 sm dalam tiga replikat.
Pembesaran diwakili oleh purata berat badan telah merekodkan 332.15 g bagi F:
berbanding 264.69 g, 271.42 g dan 320.02 g dengan nilai FCR adalah 1.1 bagi induk
asal 1, induk asal 2 dan BcF:. Kenaikan berat bagi F1 adalah 40.55 g berbanding 33.46
g, 40.87 g dan 39.15 g dengan nilai FCR adalah 1.38, 1.29 dan 1.01 bagi induk asal 1,
induk asal 2 dan BcFi. Kacukan F1 memiliki nilai FCR tertinggi di kedua-dua system
iaitu akuarium (1.0) dan sangkar (1.08). Di samping itu, kacukan di kedua-dua system
menunjukkan kadar pembesaran yang lebih tinggi berbanding induk asal pada hari
pengkulturan ke 52 di dalam akuarium dan 150 hari di dalam sangkar.

Dalam kajian ketiga, komponen morfometrik bagi induk asal 1, induk asal 2, F1 dan
BcF: di ukur berdasarkan kaedah jaringan truss dengan mengukur 20 morfometrik dan
lima komponen metrik untuk meramal dan mengelaskan setiap kacukan menggunakan
analisis diskriminan (DFA) and analisis prinsip komponen (PCA) menggunakan
perisian statistik SPSS dan Unscramble@X. Perbezaan skor koefisin bagi panjang bibir
mulut atas merekodkan nilai yang paling tinggi (.825) di antara yang lain bagi
meramalkan kumpulan mana kacukan tersebut berada. Panjang pelvik, bibir bawah
dan pipi depan adalah .690, .629, dan .525, manakala bilangan meristik bagi sirip
dorsal dan anal adalah .993 and .992. Nilai Eigen bagi tiga Fungsi yang dihasilkan,
adalah 0.721, 3.202 dan 150.406 bagi morfometrik, dan .313 dan 1.408 bagi dua
Fungsi untuk meristik sebagai jangkaan terbaik untuk membezakan setiap kacukan.
Jangkaan komponen morfometrik berada 52% pada PC1, 11% pada PC2, dan 59%
pada PC1 dan 29% pada PC2 bagi komponen meristik. Nilai jangkaan secara rawak
bagi morfometrik dan meristik adalah 80%, 72%, 92% dan 96% , 96%, 72%, 60% and
12% bagi induk asal 1, induk asal 2, F1 dan BcF1. Ini menunjukkan morfometrik boleh
digunakan untuk mengelaskan kesemua kacukan kepada induk asal.
Walaubagaimanapun, berdasarkan meristik, BcF1tidak boleh dikelaskan kepada induk
asal. Ini boleh disimpulkan bahawa 93% jangkaan yang berkaitan boleh mengelaskan
kacukan secara tepat menggunakan pewarisan morfometrik, manakala tahap jangkaan
menghasilkan 60% untuk meletakkan pewarisan meristik secara tepat.

Dalam kajian keempat, pengenalpastian induk asal 1, induk asal 2, F1 dan BcFy
dijalankan untuk menilai kepelbagaian genetik dan filogenetik setiap kacukan
menggunakan mtDNA. Genom DNA yang diekstrak daripada setiap kacukan (n=26)
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daripada 25 mg tisu otot menggunakan kit ujian Promega USA. DNA yang telah
diekstrak di lihat menggunakan kaedah elektroforesis di bawah cahaya ultra unggu
menggunakan Gel doc XR system Pc and Mac daripada USA untuk pengesahan
kualiti. DNA yang telah diekstrak menjalani tindakan berantai polimerase (PCR) pada
bahagian  kawalan  mitokondria  menggunakan  primer ORMT-F  5’-
CTAACTCCCAAAGCTAGGAATTCT-3’dan ORMT-R 5-
CTTATGCAAGCGTCGATGAAA-3’ pada langkah awal denaturation pada 94°
selama 3 min pada kitaran 35, denaturation pada 94°C selama 30 s, annealing pada
54°C selama 40 s, pemanjangan pada 72°C selama 40 s dan pemanjangan akhir pada
72°C selama 10 min.

Jujukan berbagai di selaraskan dengan perisian clustalW in BioEdit. Analisis evolusi
bagi kacukan dijalankan menggunakan perisian MEGA menggunakan pokok jiran
yang bergabung (NJ), parsimony maksimum dan kemungkinan maksimum dengan
bahagian jujukan kontrol dan kumpulan-luar daripada keluarga; (Oreochromis.
niloticus (Nombor akses Genbank: KC 811379.1) dan (Tilapia zilli (Nombor akses
genbank: AF 3288531). lanya dibina menggunakan parameter Kimura 2 jarak model.
Cabang Order bagi setiap pokok diuji dengan data bootstrapping pada 1050 replikat.
Didapati induk asal 1, induk asal 2, F1 dan BcF1 berbagai berdasarkan kepelbagaian
tahap polimorfisam. Induk asal 2 memiliki kepelbagaian nukleotida (0.0302) yang
paling tinggi dengan jumlah empat kawasan kawalan manakala kacukan lain memiliki
satu bahagian kawalan. Induk asal 2 memiliki kepelbagaian haplotip ynag paling
tinggi walaupun daripada Lima haplotip yang diperhatikan di dalam sampel induk asal
1, F1 dan BcF1 berkongsi salah satu di antaranya. Di perhatikan analisis filogenetik di
dalam kajian ini menjelaskan hubungan monophyletic berdasarkan nilai indek
keseimbangna yang tinggi (0.805556) dan indek penahanan (0.758621). Tahap
keberkaitan yang tinggi dengan seimbang bertindih dan kluster dihubungkan kepada
jarak genetic (0.1) yang rendah. Walaupun terdapat kedekatan setiap kacukan di antara
satu sama lain, analisis kawasan kawalan mendedahkan keunikan yang spesifik untuk
setiap individu dan boleh digunakan untuk pengenalpastian.

Secara keseluruhanya, F1 dan BcF; yang berwarna merah mampu dihasilkan dengan
FCR yang tinggi direkodkan daripada induk asal mereka. Peningkatan purata berat
mendedahkan heterosis bagi F1 dan BcF: sebagai hasil baka kualitatif daripada induk
asal 2. Induk asal 1 dan induk asal 2 menunjukkan tarikan terhadap induk jantan yang
memilik warna yang sama atau warna merah semasa pengawanan. Akhirnya, setiap
kacukan boleh di kelaskan kepada induk asal berdasarkan komponen jangkaan
(morfometrik) dan mtDNA kawasan kawalan di dapati berguna dalam mengesahan
identiti setiap kacukan.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Aquaculture is the farming production of aquatic organisms such as fish, molluscs,
crustaceans and aquatic plants in a water bearing receptacle which includes; earth
ponds, concrete tanks and raceways. In this situation the farmer or culturist makes
effort to replicate or create as much as possible the condition nearest to the natural
environment (Overturf, 2009). Tilapia is a fresh water fish belonging to the family
Cichlidae and the name ‘Tilapia’ was given by African Bush man meaning ‘fish’
(Trewavas, 1982). Tilapia is referred to as ‘aquatic chicken’ because of its flexibility
to reproduce in captivity, they are source of animal protein that is needed in poorer
countries and hence linked with a potential candidate for providing the needed food
security especially in the developing countries who are struggling with the need to
provide the recommended per caput intake of protein per day (Canonico et al., 2005).

Tilapia is also a common name that is used for fishes of genus tilapia. Trewavas
(1982) reclassified several hundred of tilapia into three genera: Oreochromis,
Sarotherodon and Tilapia. The Oreochromis are maternal mouth brooders (the female
fish take up the fertilised egg in the mouth incubate the egg until hatching takes place
they protect the swim up fry until they can fend for themselves). The Sarotherodon
are paternal mouth brooders while the genus Tilapia are the substrates spawners, they
lay their eggs on substrates until hatching. The most reared species is the Oreochromis
niloticus while Oreochromis mossambicus was the first tilapia to be widely
distributed; it is given the name Java tilapia because of its adoption as food fish in
Indonesia (Russell et al., 2012). Tilapia is a native of Africa although introduced to
the tropical and even the subtropical region of the world. With the aim of increasing
food production which is important for food security, recreational purposes and ample
opportunities for angler to hunt for a fish that avoid been caught, aquatic weed control
and for research purposes (Canonico et al., 2005).

Strain enhancement correlated to selection of traits and donation of selected traits to a
recurrent pair. With the hope that final outcome (hybrid) will have enough of the
wanted traits by exploiting the variation of the desirable trait (Kumar et al., 2017;
Springer and Schmitz, 2017). Strains could be improved by addiction of phenotypic
traits of interest or quantitative characteristics. The process of selection and
hybridisation actually served as a means of getting this done. Hybridisation could be
between species (interspecific) or genera (intergeneric) with the main aim of
modelling strain based on requirement. Growth improvement were the focus of most
aquaculture species however, this comes with reduced culture time, reduced
maintenance period and final feed conversion ratio that will invariably amount to
higher production from the technical resources from the farm.



Hybridisation is an important tool for stock improvement, various additions could be
made at pairing stock with different traits. Most stock improvement processes start
with hybridisation coupled with selection. Mating of species with different traits create
the modern day strains with special abilities in terms of colour, growth and fillet
quality and quantity. The ‘Genetically Improved Farmed (GIFT) is the carefully
selected and hybridized stock from work carried out by the World Food institute with
the aim of producing tilapia strain that would not fail the culturist during production
however, in adopting this strain of genetically improved fish, the receiving countries
were advised to study the ecology of their water body so that it will not affect the
biodiversity in a negative way or develop local strain using the GIFT technology. The
results of such research and studies by Haque et al. (2016); Khaw et al. (2016) and
Hamzah et al. (2014) on the superior traits found in GIFT give rise to the emergence
of New GIFT and GIFU in China the ‘Akosombo tilapia’ in Ghana, all these new
developments point toward improving production of farmed fish that express the traits
of interest.

Universiti Putra Malaysia through the process of selection and hybridisation also
developed a relatively fast growing strain UPM red tilapia but with an inferior growth
rate compared to GIFT. Production of red tilapia started in Taiwan in the 1960s (Kuo,
1989), success recorded in terms of increased acceptability rate brought about the use
of different strain of O. mossambicus and O. niloticus (Romana-Eguia et al., 2004).
The first emphasis on red tilapia were based on colour rather than size hence the
production of Florida red tilapia by crossing Oreochromis hornorum with red gold O.
mossambicus. Wohlfarth et al. (1990) infer that most red tilapia do not breed true
hence, a need to understand the allele of parent based population.

The introduction of red tilapia act as a turning point in the way Malaysians see tilapia.
The first tilapia introduced into Malaysia was O. mossambicus (black in colour) the
colour and the fact that it quickly colonize any water body it entered made it
unattractive. However, the introduction of red tilapia and the relatively fast growing
O. niloticus makes its favoured by culturist and a commercial success in Malaysia
(Department of Fisheries, 2015; Ang et al., 1989). This opens a need to produce a fish
that will match the need of the people in terms of reddish colour and fast growing.
Breeding program in aquaculture is related to the express phenotype and growth,
increase in weight and length in short time indicate short production circle and culture
advantage. Good feed conversion rate is an important tool used in determining the
success of any new strain (Omasaki et al., 2017). In culture, feed takes up to 50-70%
of production cost which made it an input with the largest recurrent expenditure (Chau
et al., 2013); (Verdal et al., 2017).

Genetic improvement linked with growth is associated with the ability of the
developed strain to convert feed to flesh. Weight gain at culture gives insight on the
feed conversion ability of strain. Omasaki et al. (2017) and (Neely et al. (2008)
reported the use of feed conversion ratio and weight gain as a tool in measuring
success in selection and genetic improvement. The use of less feed to achieve same



goal increase the efficient use of feed, feed efficiency as opined by Martins et al.
(2011) as the ratio of feed intake to the weight gain and the use of less feed to produce
same output. Hence, there is a need to produce a fish that will have good feed
conversion ratio and appreciable weight gain at culture

Stock improvement program end in the production of slightly different strain from the
parent however, their effective management is important if effect of gene exchange
and direction of gene flow is known because the knowledge of interaction of species
within a population enhance plan for breeding program. Similarly, genetic basis for
the manifestation of a particular phenotype could be identified by their
morphomeristic traits; measured distances (morphometric) and count of their
appendages (meristic). Measured component can be used to predict the family of the
strain; cultured fish from wild stock and stock identification (Rawat et al., 2017,
Geiger et al., 2016; Okomoda et al., 2016). A study by Turan et al. (2006) reveal that
the simplest tool for classifying fish is through statistical method although, the use of
molecular method like random amplification of polymorphic DNA (RAPD) and
Mitochondria control region (mtDNA) was made to increase the accuracy of
prediction. The first point of contact and identification is on the field hence there is a
need for first contact identification with the use of their morphomeristic traits before
further investigation for the purpose of confirmatory test using their molecular traits

1.2 Problem Statement

The rate at which tilapia is accepted is influenced by the expressed phenotypic traits
as a result of the willingness by consumers who attached special interest on the reddish
coloured tilapia that has the ability to reach good size at culture. Producing a fish with
quantitative traits of GIFT strain but reddish in colure like the UPM red tilapia will
not only result to the favoured reddish coloured but a fish that will reach market size
during culture. A number of time fish species has been wrongly classified at first
contact on the field, resulting in obtaining wrong data. Misidentify strain create
problem for the scientist and culturist. Differentiation of strain by their
morphomeristic and genetic variability enhance the chances of correct stock
identification.

1.3 Justification of Study

Tilapia is an important fish of interest because of its ability to provide cheap protein
at quickest possible time. The main constrain to acceptance is based on the demand
for a specific phenotypic traits (reddish colour). Consumers placed value on the
reddish coloured tilapia compared to the wild type (black) despite the fact that they
have same basic need in terms of feed and management procedure at culture. This
placed size and colour of interest as condition that is important for the fish to maintain
its wide appeal to the populace and a need to produce fish that will reach market at the
same time express reddish colour which is the phenotypic traits of interest at culture.
Malaysia and some other countries are willing to pay premium price for reddish
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coloured tilapia compared to their wild type. History of tilapia introduction to
countries like Malaysia placed colour and body size as a factor that increases the
change of attitude from regarding tilapia as a fish to be eliminated before stocking as
folk’s fish which is highly valued food fish.

1.4 Objectives

The general objective of this study is to develop a strain of tilapia that can reach market
size at culture and express the phenotypic traits of interest (reddish)

The specific objectives are:

1) To produce and examine the proportion of reddish coloured hybrid (F1, F.),
their reciprocals (nF1) and backcross (BcF: and nBcFi), the preference of
female fish to conspecific and or novel coloured (reddish) male from the cross
between GIFT and UPM red tilapia.

2) To evaluate the performance of the reddish coloured hybrid and backcross in
two culture receptacles (aquarium and fish cage) based on food conversion
ratio and weight gain.

3) To determine morphomeristic traits that could be used to positively identify
the parents from the offspring in isolation.

4) To examine the phylogenetic and genetic variability between reddish coloured
hybrid (F1), backcross (BcF1) to their parents (GIFT and UPM red tilapia).

1.5 Scope of Study and Limitations

The study exclusively involved production of hybrids and backcross from base parent
stock of UPM red tilapia and GIFT and selection of filial generations that expressed
the reddish colour phenotypic traits of interest.



REFERENCES

Abou-Zied, R.M., & Ali, A.A. (2015). Effect of Feeding Rate and Frequency on
Growth Performance, Sex Conversion Ratio and Profitability of Nile Tilapia
(Oreochromis Niloticus) Fry in Hapa at Commercial Hatcheries Egyptian J.
Nutrition and Feeds, 18, 451-459.

Al-Feky, S.S.A., EL-Sayed A.F.M., & Ezzat, A. (2015). Diatery tuarine enhances
growth and feed utilization in larval Nile Tilapia (Oreochromis niloticus) fed
soya bean meal diets. Aquaculture Nutrition.
https://doi.org/10.1111/anu.12266

Alfnes, F., Guttormsen., A. G., Steine, G., & Kolstad, K. (2006).
Consumers’Willingness to Pay for the Color of Salmon: 'A choice experiment
with real economic incentives. Am. J. Agric. Econ. 88, 1050-1061.
https://doi.org/doi: 10.1111/j.1467- 8276.2006.00915.x

Alfnes, F. R. A., Uttormsen, A. T. L. E. G. G,, Teine, G. R. O. S., & Olstad, K. A. R.
I. K. (2006). Consumers WIllingness to pay for The color Of Salmon :.Amer.
J. Agr. Econ, 88(November), 1050-1061.

Aminur, R., Arshad., A., Marimuthu, K Ara, R., & Amin, S.M.N. (2013). Inter-
specific Hybridization and Its Potential for Aquaculture of Fin Fishes. Asian
Journal of Animal and Veternary Advances, 8(2), 139-153.

Ang, K.J.R., & Gopinath., T.E.C. (1989). Exotic Aquatic Organisms in Asia Exotic
Aquatic Organisms in Asia. In S. S. D. E. Silva (Ed.), Proceedings of a
Workshop on Introduction of Exotic Aquatic Organisms in Asia. Published by
the Asian Fisheries Society in association with the International Development
Research Centre of Canada and the Australian International Development
Assistance Bureau.

Anguis, V., Manchado, M., & Cafavate, J. P. (2008). Growth , feeding and oxygen
consumption of Senegalese sole ( Solea senegalensis ) juveniles stocked at
different densities. Aquaculture, 285, 84-89.
https://doi.org/10.1016/j.aquaculture.2008.08.001

Ansah, Y. B., Frimpong, E. A., & Hallerman, E. M. (2014). Genetically-improved
tilapia strains in Africa: Potential benefits and negative impacts. Sustainability
(Switzerland), 6(6), 3697-3721. https://doi.org/10.3390/su6063697

AOAC. (2005). Association of Official Analytical Chemists., 1990. Official Methods
of Analysis. 18th edn AOAC. Gaithersburg.

Ayisi, C. L., Zhao, J., & Rupia, E. J. (2017). Growth performance, feed utilization,
body and fatty acid composition of Nile tilapia (Oreochromis niloticus ) fed
diets containing elevated levels of palm oil. Aquaculture and Fisheries, 1-11.
https://doi.org/10.1016/j.aaf.2017.02.001

85



Barriga-Sosal, I. D. L. A., Jime'nez-Badillo, M. D. L., Ibanez, A.L & Arredondo-
Figueroal., J. L. (2004). Variability of tilapias ( Oreochromis spp .) introduced
in Mexico : Morphometric , Meristic and Genetic Characters. J. Appl. Ichthyol,
20, 7-14.

Bartley, D. M., Rana, K., & Immink, A. J. (2000). The use of inter-specific hybrids
in aquaculture and fisheries. Reviews in Fish Biology and Fisheries, 10(3),
325-337. https://doi.org/10.1023/A:1016691725361

Baselga, I., Zafra, O., Pérez, E., Francisco-alvarez, R., Rodriguez-tarduchy, G., &
Santos, C. (2017). An AFLP based method for the detection and identifiation
of indigenous yeast in complex samples without a microbiological culture.
International  Journal of Food  Microbiology, 241, 89-97.
https://doi.org/10.1016/j.ijfoodmicro.2016.09.014

Beardmore, J.A., Mair, G.C., & Lewis, R.l. (2001). Monosex male Production in
Finfish as exemplified by Tilapia: Applications, Problems, and Prospects.
Aquaculture, 197(1-4), 283-301. https://doi.org/10.1016/S0044-
8486(01)00590-7

Benhaim, D., Akian, D. D., Ramos, M., Ferrari, S., Yao, K., & Bégout, M.-L. (2017).
Self-feeding behaviour and personality traits in tilapia: A comparative study
between Oreochromis niloticus and Sarotherodon melanotheron. Applied
Animal Behaviour Science, 187, 85-92.
https://doi.org/10.1016/j.applanim.2016.12.004

Bentsen, H. B., Eknath, A. E., Palada-de Vera, M. S., Danting, J. C., Bolivar, H. L.,
Reyes, R.A., & Gjerde, B., (1998). Genetic improvement of farmed tilapias:
Growth performance in a complete diallel cross experiment with eight strains
of  Oreochromis niloticus.  Aquaculture, 160(1074), 145-173.
https://doi.org/10.1016/S0044-8486(97)00230-5

Bentsen, H. B., Gjerde, B., Eknath, A. E., de Vera, M. S. P., Velasco, R. R., Danting,
J. C., & Ponzoni, R. W. (2017). Genetic improvement of farmed tilapias:
Response to five generations of selection for increased body weight at harvest
in Oreochromis niloticus and the further impact of the project. Aquaculture,
468, 206-217. https://doi.org/10.1016/j.

Bentsen, H. B., Gjerde, B., Nguyen, N. H., Rye, M., Ponzoni, R. W., Palada de Vera,
M. S., & Eknath, A. E. (2012). Genetic improvement of farmed tilapias:
Genetic parameters for body weight at harvest in Nile tilapia (Oreochromis
niloticus) during five generations of testing in multiple environments.
Aquaculture, 338-341, 56-65. https://doi.org/10.1016/

BFAR-NFFTC. (2000). Basic Biology of Tilapia. NFFTC Aqua-Leafleat No. 2000-
06. Monoz, Nueva Ecija.

Bhujel, R. C. (2000). A review of strategies for the management of Nile\rtilapia
Oreochromis niloticus/broodfish in seed\rproduction systems, especially hapa-
based systems. Aquaculture, 181, 37-59.

86



Bhujel, R. C., Bhujel, R. C., Yakupitiyage, A., Yakupitiyage, A., Turner, W.A,,
Turner, W.A., & Little, D. C. (2001). Selection of a comercial feed for Nile
tilapia (Oreochromis niloticus) broodfish breeding in a hapa-in.pond system.
Aquaculture, 194, 303-314.

Bhujel, R. C., Little, D. C., & Hossain, A. (2007). Reproductive performance and the
growth of pre-stunted and normal Nile tilapia (Oreochromis niloticus)
broodfish at varying feeding rates. Aquaculture, 273(1), 71-79.
https://doi.org/10.1016/j.aquaculture.2007.09.022

Blair, M. W., & Serraj, R. (2006). Using Genomics to Exploit Grain Legume
Biodiversity. Plant Breeding Reviews, 26.

Bondad-Reantaso, M. G., Subasinghe, R. P., Arthur, J. R., Ogawa, K., Chinabut, S.,
Adlard, R., & Shariff, M. (2005). Disease and health management in Asian
aquaculture. Veterinary Parasitology, 132(3-4), 249-72.
https://doi.org/10.1016/j.vetpar.2005.07.005

Boyd, C. E., & Lichtkpper. F. (2002). Water quality management in pond culture.
Research and. In Research and Development series (22nd ed.).

Braasch, I., Volff, J.-N., Schartl, M. (2008). The evolution of teleost pigmentation
and the fish-specific genome duplication. Journal of Fish Biology, 73, 1891—
1918. https://doi.org/10.1111/j.1095-8649.2008.02011.x

Brown, T. A., Cecconi, C., Tkachuk, A. N., Bustamante, C., & Clayton, D. A. (2005).
Replication of mitochondrial DNA occurs by strand displacement with
alternative light-strand origins , not via a strand-coupled mechanism. Genes &
Development, 19, 2466-2476. https://doi.org/10.1101/gad.1352105.0ther

Calhoon, R.E., & Bohren B.B. (1974). Genetic Gains from Reciprocal Recurrent and
Within-line Selection for eggs Production in the Fowl. Theoretical and Applied
Genetics, 44, 364-372.

Campbell, B., & Pauly, D. (2013). Mariculture : A global analysis of production trends
since 1950. Marine Policy, 39, 94-100.
https://doi.org/10.1016/j.marpol.2012.10.009

Canonico, G. C., Arthington, A., Mccrary, J. K., & Thieme, M. L. (2005). The effects
of introduced tilapias on native biodiversity. Aquatic Conservation: Marine
and Freshwater Ecosystems, 15(July 2004), 463-483.
https://doi.org/10.1002/aqc.699

Chakrabarty, P. (2006). Systematics and historical biogeography of Greater Antillean
Cichlidae. Molecular Phylogenetics and Evolution, 39, 619-627.
https://doi.org/10.1016/

87



Chau, T. Da, Le.T., Hung, J. E. L & Hakan Berg, T. L. (2013). Evaluation of potential
feed sources and technical and economic considerations of small-scale
commercial striped catfish ( Pangasius hypothalamus) pond farming systems
in the Mekong Delta of Aquaculture Research, 44, 427-438.
https://doi.org/10.1111/j.1365-2109.2011.03048.x

Cheung, C. H. Y., Chaillé, P. M., Randall, D. J., Gray, J. S., & Au, D. W. T. (2007).
The use of scale increment as a means of indicating fish growth and growth
impairment. Aquaculture, 2606, 102-111.
https://doi.org/10.1016/j.aquaculture.2007.02.036

Christie, R. M., Marine, M.L., & Blouin M.S. (2011). Who are the missing parents ?
Grandparentage analysis identifies multiple sources of gene flow into a wild
population. Molecular Ecology, 20, 1263-1276.
https://doi.org/10.1111/].1365-294X.2010.04994.x

Clayton, D. A. (1982). Replication of Animal Mitochondrial DNA. Cell, 28(April),
693-705.

Comstock, R.E., Robinson, H.F., & Harvey P.H. (1949). A breeding procedure
designed to make use of both general and specific combining ability.
Agronomy Journal, 41, 360—367.

Corinne, L., Richards-Zawacki, 1. J., . Wang, J., Kyle, S. (2012). Mate choice and
the genetic basis for colour variation in a polymorphic dart frog : inferences
from a wild pedigree. Molecular Ecology, 21, 3879-3892.
https://doi.org/10.1111/j.1365-294X.2012.05644.x

Couldridge, V. C. K., & Alexander, G. J. (2002). Color patterns and species
recognition in four closely related species of Lake Malawi cichlid.
Behav.Ecol., 13(1), 59-64. https://doi.org/10.1093

Coward, K., & Bromage, N. R. (1999). Spawning frequency, fecundity, egg size and
ovarian histology in groups of Tilapia zillii maintained upon two distinct food
ration sizes from first-feeding to sexual maturity. Aquatic Living Resources,
12, 11-22. https://doi.org/10.1016/S0990-7440(99)80010-2

Coward, K., & Bromage, N. R. (2000). Reproductive physiology of female tilapia
broodstock. Reviews in Fish Biology and Fisheries, 10, 1-25.
https://doi.org/10.1023/A:1008942318272

Dadebo, E., Kebtinah, N., & Sorsa, S. (2014). Food and feeding habits Of red-belly
(Tilapia zilli Gervais 1848) Pisces cichlidae in lake Ziway. Aquaculture
Forestry Fisheries, 3(1), 17-23.

Dang, E., Dong, X., Xu, M., Luo, D., Wei, H., & Ying, Y. (2016). Identification of
wild tilapia species in the main rivers of south China using mitochondrial
control region sequence and morphology. Biochemical Systematics and
Ecology, 65, 100-107. https://doi.org/10.1016/j.bse.2016.02.007

88



De Oliveira, M. M., Ribeiro, T., Orlando, T. M., De Oliveira, D. G. S., Drumond, M.
M., De Freitas, R. T. F., & Rosa, P. V. (2014). Effects crude protein levels on
female Nile tilapia (Oreochromis niloticus) reproductive performance
parameters.  Animal  Reproduction  Science,  150(1-2), 62-9.
https://doi.org/10.1016/j.anireprosci.2014.08.006

De Verdal, H., Mekkawy, W., Lind, C. E., Vandeputte, M., Chatain, B., & Benzie, J.
A. H. (2016). Measuring individual feed efficiency and its correlations with
performance traits in Nile tilapia, Oreochromis niloticus. Aquaculture, 468,
489-495. https://doi.org/10.1016

De Verdal, H., Rosario, W., Vandeputte, M., Muyalde, N., Morissens, P., Baroiller,
J.-F. F., & Chevassus, B. (2014). Response to selection for growth in an
interspecific hybrid between Oreochromis mossambicus and O. niloticus in
two distinct environments. Aquaculture, 430, 159-165. https://doi.org/10.1016

Department of Fisheries Malaysia. Annual Fisheries Statistics (2015).

Dijkstra, P. D., Van Der Zee, E. M., & Groothuis, T. G. G. (2008). Territory quality
affects female preference in a Lake Victoria cichlid fish. Behavioral Ecology
and Sociobiology, 62(5), 747-755. https://doi.org/10.1007/s00265-007-0500-
5

Diogenes, A. F., Fernandes, J. B. K., Dorigam, J. C. ., Sakomura, N. K., Rodrigues, F.
H. F., Lima, B. T. M., & Gongalves, F. H. (2015). Establishing the optimal
essential amino acid ratios in juveniles of Nile tilapia (Oreochromis niloticus)
by the deletion method. Aquaculture Nutrition,
https://doi.org/10.1111/anu.12262

Dizhi, X., Liping, Y., Ruomeng, Y., Fang, C., Ronghua, L., Chaobin, Q., & Guoxing,
N. (2017). Effects of dietary carbohydrate and lipid levels on growth and
hepatic lipid deposition of juvenile tilapia, Oreochromis niloticus.
Aquaculture. https://doi.org/10.1016

Douglas, P. Swain, J.A., & Hutchings, A. C. J. F. (2005). Environmental and Genetic
Influences on Stock Identification Character (pp. 45-85). Elsevier B.V.

Dunham, R. (2011). Aquaculture and Fisheries Biotechnology: Genetic Approaches .
(2nd Editio). CAB international.

Edku, L., Bakhoum, S. A., Sayed-ahmed, M. A., & Ragheb, E. A. (2009). Genetic
Evidence for Natural Hybridization Between Nile Tilapia ( Oreochromis
niloticus ; Linnaeus , 1757 ) and Blue Tilapia. Global Veterinaria, 3(2), 91—
97.

Ekasari, J., & Maryam, S. (2012). Evaluation of Biofloc Technology Application on
Water Quality and Production Performance of Red Tilapia Oreochromis sp.
Cultured at Different Stocking Densities. HAYATI Journal of Biosciences
June, 19(2), 73-80. https://doi.org/10.4308.

El-Sayed, A.-F. M. (2006). Tilapia Culture. Wallingford: CABI.

89



El-Sayed, A.-F. M., & Kawanna, M. (2008). Effects of dietary protein and energy
levels on spawning performance of Nile tilapia (Oreochromis niloticus)
broodstock in a recycling system. Aquaculture, 280(1-4), 179-184.
https://doi.org/10.1016

El-Zaeem, S. Y., & Salam, G. M. (2013). Production of genetically male tilapia
through interspecific hybridization between Oreochromis niloticus. Journal of
Fisheries Sciences, 12(4), 802—-812.

Ellender, B. R., Woodford, D. J., Weyl, O. L. F., & Cowx, I. G. (2014). Managing
conflicts arising from fisheries enhancements based on non-native fishes in
southern  Africa. Journal of Fish Biology, 85, 1890-1906.
https://doi.org/10.1111/jfb.12512

Esa, Y., & Abdul Rahim, K. A. (2013). Genetic structure and preliminary findings of
cryptic diversity of the Malaysian mahseer (Tor tambroides valenciennes:
Cyprinidae) inferred from mitochondrial DNA and microsatellite analyses.
BioMed Research International, 2013. https://doi.org/10.1155/2013/170980

Esa, Y.B., Siti Shapor Siraj , Siti Khalijah Daud , Japning Jeffrine Rovie Ryan ,
Khairul Adha A. Rahim1 and Soon Guan, T. (2008). Molecular Systematics of
Mahseers ( Cyprinidae ) in Malaysia Inferred from Sequencing of a
Mitochondrial Cytochrome C Oxidase | ( COIl ) Gene. Pertanika J. Trop.
Agric. Sci, 31(June), 263-269.

Espinosa-Lemus, V., Arredondo-Figueroa, J. L., & Barriga-Sosa, I. D. L. A. (2009).
Morphometric and genetic characterization of tilapia (Cichlidae: Tilapiini)
stocks for effective fisheries management in two mexican reservoirs
Caracterizacion. Hidrobiologica, 19(2), 95-107.

FAO. (2009). (Food and Agriculture Organization of the United Nations) (2009).
FishStat Plus Version 2.32. Universal Software for Fishery Statistics Time
Series. Available from URL:
Http://www.fao.org/fishery/statistics/software/fishstat/en. FAO Fisheries and
Aquaculture.

FAO. (2010). National Aquaculture Sector Overview in Malaysia. Food and
Agriculture Oraganization of the United Nations.

FAO (Food and Agriculture Organization). (2016). The state of world fisheries and
aquaculture.

Felsenstein J. (1985). Confidence limits on phylogenies: an approach using the
bootstrap. Evolution, 39(4), 783-791.

Ferguson. A, J. B. Taggart, P. A. Prodohl, 0., Mcmeel, C., Thompson, C., Stone, P.,
& Mcginnityr, A.H. (1995). Population and conservation. Journal of Fish
Biology, 47, 103-126.

90



Ferna, A., Garci, T., Carrera, E., Gonza, 1., Asensio, L., & Herna, P. E. (2000). Genetic
differentiation between sole (Solea solea) and Greenland halibut (Reinhardtius
hippoglossoides) by PCR — RFLP analysis of a 12S rRNA gene fragment.
Journal of the Science of Food and Agriculture, 32(January 1999), 29-32.

Ferreira, J. (1989) On the inheritance of the red colour in the Mozambique Tilapia
Oreochromis mossambicus. MADOQUA, 1(16), 5-8.

Food and Agriculture Organization of the United Nations. (2011). The State of World
Fisheries and Aquaculture, Food and Agriculture Organization, Rome, Italy.
Rome ltaly.

Francisco, A., Fernandes, A., Silva, M. D. A., Alvarenga, E. R. De, Teixeira, E. D. A.,
Fonseca, A., & Turra, E. M. (2015). Morphometric traits as selection criteria
for carcass yield and body weight in Nile tilapia (Oreochromis niloticus) at fi
ve ages. Aquaculture, 446, 303-309.
https://doi.org/10.1016/j.aquaculture.2015.05.009

Galman, O. R., & Avtalion R.R (1983). A preliminary investigation of the
characteristics of red tilapias from the Philippines and Taiwan. In Proceedings
of the International Symposium on Tilapia in Aquaculture, Tel Aviv University
(pp. 291-301). Tel Aviv, Israel.

Garcia-Ortega, A., Kissinger, K. R., & Trushenski, J. T. (2016). Evaluation of fish
meal and fish oil replacement by soybean protein and algal meal from
Schizochytrium limacinum in diets for giant grouper Epinephelus lanceolatus.
Aquaculture, 452, 1-8. https://doi.org/10.1016

Geiger, M. F., Schreiner, C., Delmastro, G. B., & Herder, F. (2016). Combining
geometric morphometrics with molecular genetics to investigate a putative
hybrid complex: a case study with barbels Barbus spp . (Teleostei:
Cyprinidae), 1038-1055. https://doi.org/10.1111

Gjedrem, T., & Baranski, M. (2009). Selective Breeding in Aquaculture: An
introduction. London: Springer. https://doi.org/10.1007/978-90-481-2772-6

Gjedrem, T. (2012). Genetic improvement for the development of efficient global
aquaculture: A personal opinion review. Aquaculture, 344-349, 12-22.
https://doi.org/10.1016

Gomiero, L. M., & De Souza Braga, F. M. (2005). The condition factor of fishes from
two river basins in S??0 Paulo state, Southeast of Brazil. Acta Scientiarum -
Biological Sciences, 27(1), 73-78.

Gosling, E. (2015). Genetics in aquaculture: In Marine Bivalve Molluscs. Wiley
online.

91



Gu, D. E., Mu, X. D., Xu, M., Luo, D., Wei, H., Li, Y. Y., & Hu, Y. C. (2016).
Identification of wild tilapia species in the main rivers of south China using
mitochondrial control region sequence and morphology. Biochemical
Systematics and Ecology, 65, 100-107.
https://doi.org/10.1016/j.bse.2016.02.007

Gupta, N., Haque, M. M., & Khan, M. (2012). Growth performance of tilapia
fingerling in cage in ponds: An assessment through length-weight
relationship. J. Bangladesh Agril. Univ, 10(1), 149-155.

Hall, A. T. (2011). BioEdit : An important software for molecular biology. GERF
Bulletin of Biosciences, 2(June), 60—61.

Hall, T. (1999). BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucl. Acids. Symp. Ser., 41, 95-98.

Hamzah, A., Ponzoni, R. W., Nguyen, N. H., Khaw, H. L., Yee, H. Y., Mohd Nor, S.
A., Hamzah, A., Ponzoni, R.W., Nguyen, N.H., Khaw, H.L., Yee, H.Y., &
Mohd Nor, S. (2014). Performance of the genetically improved farmed tilapia
(GIFT) strain over ten generations of selection in Malaysia. Pertanika Journal
of Tropical Agricultural Science, 37(4), 411-429.

Haque, M. R., Islam, M. A., Wahab, M. A., Hog, M. E., Rahman, M. M., & Azim, M.
E. (2016). Evaluation of production performance and profitability of hybrid
red tilapia and genetically improved farmed tilapia (GIFT) strains in the
carbon/nitrogen controlled periphyton-based (C/N- CP) on-farm prawn culture
system in  Bangladesh. = Aquaculture  Reports, 4, 101-111.
https://doi.org/10.1016

Hassaan, M. S., Soltan, M. A., & Abdel-Moez, A. M. (2015). Nutritive value of
soybean meal after solid state fermentation with Saccharomyces cerevisiae for
Nile tilapia, Oreochromis niloticus. Animal Feed Science and Technology,
201, 89-98. https://doi.org/10.1016

Hassanien, H. A., Kamel, E. A., Salem, M. A., & Dorgham, A. S. (2011). Multivariate
Analysis of Morphometric Parameters in Wild and Cultured Nile Tilapia
Oreochromis niloticus Animal Production Department , Faculty of Agriculture
, Cairo Central Laboratory for Aquaculture Research ( CLAR ) Journal of the
Arabian Aquaculture Society, 6(2), 237-250.

He, A, Luo, Y., Yang, H., Liu, L., Li, S., & Wang, C. (2011). Complete mitochondrial
DNA sequences of the Nile tilapia (Oreochromis niloticus) and Blue tilapia
(Oreochromis aureus): Genome characterization and phylogeny applications.
Molecular Biology Reports, 38(3), 2015-2021.
https://doi.org/10.1007/s11033-010-0324-7

Hlophe, S. N., & Moyo, N.G. (2013). The aquaculture potential of Tilapia rendalli in
relation to its feeding habits and digestive capabilities. Physics and Chemistry
of the Earth, Parts A/B/C, 66, 33-37.
https://doi.org/10.1016/j.pce.2013.09.006

92



Holtsmark, M., Klemetsdal, G., Sonesson, A. K., & Woolliams, J. A. (2008).
Establishing a base population for a breeding program in aquaculture , from
multiple subpopulations , differentiated by genetic drift: I . Effects of the
number of subpopulations , heritability and mating strategies using optimum
contribution selection. Aquaculture, 274, 232-240.
https://doi.org/10.1016/j.aquaculture.2007.11.042

Hsieh, C. H., Chang, W. T., Chang, H. C., Hsieh, H. S., Chung, Y. L., & Hwang, D.
F. (2010). Puffer fish-based commercial fraud identification in a segment of
cytochrome b region by PCR-RFLP analysis. Food Chemistry, 121(4), 1305—
1311. https://doi.org/10.1016

Huang, C. M., Chang, S. L., Cheng, H. J., & Liao, I. C. (1988). Single gene inheritance
of red body coloration in Taiwanese red tilapia. Aquaculture, 74(3-4), 227-
232

Huang, J. L., Chang, H. T., Cheng, R., Hsu, H. H., & Pai, T. W. (2014). Identification
of simple sequence repeat biomarkers through cross-species comparison in a
tag cloud representation. BioMed Research International.
https://doi.org/10.1155/2014/678971

Kuo, H. (1989). Study on the genetic improvement of red tilapia: crossbreeding of red
tilapia its growth. Bulletin of TFRI, (46), 171-184.

Ibrahim, B., Mohd Khan, N.S., & Intan Fazleen, Z. (2014). Fresh water aquaculture
fish consumption in Malaysia and heavy metals risk exposure to consumers.
International Food Research Journal, 21(6), 2109-2113.

ljiri, S., Kaneko, H., Kobayashi, T., Wang, D., Sakai, F., Paul-prasanth, B., &
Nagahama, Y. (2008). Sexual Dimorphic Expression of Genes in Gonads
During Early Differentiation of a Teleost Fish , the Nile Tilapia Oreochromis
niloticus  Biology of Reproduction, 341(July 2007), 333-341.
https://doi.org/10.1095/biolreprod.107.064246

Ismail, N. I. A., Amal, M. N. A., Shohaimi, S., Saad, M. Z., & Abdullah, S. Z. (2016).
Associations of water quality and bacteria presence in cage cultured red hybrid
tilapia, Oreochromis niloticus x O. mossambicus. Aquaculture Reports, 4, 57—
65. https://doi.org/10.1016/j.aqrep.

Jiang, M., Yang, C., & Wen, H. (2014). The complete mitochondrial genome of
Aspiorhynchus laticeps and its phylogenetic analysis. Meta Gene, 2(1), 218-
225. https://doi.org/10.1016

Kamalam, B.S., Medale, S. P. S. (2017). Utilisation of dietary carbohydrates in farmed
fishes : New insights on influencing factors , biological limitations and future
strategies. Aquaculture, 467, 3-27. https://doi.org/10.1016/j.aquaculture.

93



Karamanlidis, A. A., Gaughran, S., Aguilar, A., Dendrinos, P., Huber, D., Pires, R., &
Amato, G. (2016). Shaping species conservation strategies using mtDNA
analysis: The case of the elusive Mediterranean monk seal ( Monachus
monachus ). J Mol Evol, 193, 71-79. https://doi.org/10.1016/j.biocon.

Karen, L., Carleton, J., Parry, W.L James. K., Bowmaker, D. M. H., & Seehausen, O.
(2005). Colour vision and speciation in Lake Victoria cichlids of the genus
Pundamilia. Molecular Ecology, 4341-4353. https://doi.org/10.1111/].1365-
294X.2005.02735.x

Kasiga, Tom., Ruguang Chen., Todd Sink, R. L. (2014). Effects of Reduced Soybean-
Meal Diets Containing Moringa oleifera or Leucaena leucocephala Leaf
Meals on Growth Performance Plasma Lysozyme , and Total Intestinal
Proteolytic Enzyme Activity of Juvenile Nile tilapia Oreochromis niloticus in
Outdoor. Journal Of The World Aquaculture Society, 45(5), 508-522.
https://doi.org/10.1111/jwas.

Keat-chuan, N. C., Aun-chuan, O. P., Wong, W. L., & Khoo, G. (2017). An overview
of the status , trends and challenges of freshwater fish research and
conservation in Malaysia. Journal of Survey in Fisheries Sciences, 3(2), 7-21.

Khairul-Adha, R., Esa.Y.B., Aziz, A., Rahim, K. A., & Arshad, A. (2013). The
Influence of Alien Fish Species on Native Fish Community Structure in
Malaysian Waters. Kuroshio Science, 7, 81-93.

Khaw, H. L., Ponzoni, R. W., Yee, H. Y., Aziz, M. A., & Bijma, P. (2016). Genetic
and non-genetic indirect effects for harvest weight in the GIFT strain of Nile
tilapia ~ (Oreochromis  niloticus).  Aquaculture, 450, 154-161.
https://doi.org/10.1016/j.aquaculture

Khaw, H. L., Ponzoni, R. W., Yee, H. Y., Aziz, M. A. Bin, Mulder, H., Marjanovic,
J., & Bijma, P. (2016). Genetic variance for uniformity of harvest weight in
Nile tilapia (Oreochromis niloticus). Aquaculture, 451, 113-120.
https://doi.org/10.1016/j.aquaculture.

Kimura, M. (1980). A simple method for estimating evolutionary rate of base
substitutions through comparative studies of nucleotide sequences. Journal of
Molecular Evolution, 16, 111-120.

Kinaro, Z. O., Xue, L., Nyaundi, K. J., Shen, J., Kinaro, Z. O., Xue, L., & Shen, J.
(2015). The mitochondrial genome of an endangered native Singidia tilapia ,
Oreochromis esculentus: genome organization and control region
polymorphism The mitochondrial genome of an endangered native Singidia

tilapia , Oreochromis esculentus: genome organizati. Mitochondrial DNA,
1736(March 2016). https://doi.org/10.3109/19401736.2015.1089493

Kirkpatrick, M., & Nuismer, S. L. (2004). Sexual selection can constrain sympatric
speciation. Proceedings of the Royal Society B: Biological Sciences,
271(September 2003), 687-693. https://doi.org/10.1098/rspb.

94



Klett, V., & Meyer, A. (2002). Mitochondrial DNA Phylogeny of Tilapiines and the
Evolution of Parental Care Systems in the African Cichlid Fishes. Molecular
Biology and Evolution, 865-883.

Krome, C., Jauncey, K., & Focken, U. (2016). Jatropha curcas kernel meal as a
replacement for fishmeal in practical Nile tilapia , Oreochromis niloticus
feeds. AACL Bioflux, 9(3), 590-596.

Kumar, J., Sen, D., Sunanda, G., & Sonali, G. (2017). Quantitative trait loci from
identification to exploitation for crop improvement. Plant Cell Reports, 36(8),
1187-1213. https://doi.org/10.1007

Laffont, R., Firmat, C., Alibert, P., David, B., Montuire, S., & Saucéde, T. (2011).
Completes Rendus Palevol biodiversity and evolution in the light of
morphometrics : From patterns to processes La biodiversité et 1 > évolution a

la lumiére de la morphométrie : des patterns aux processus. Comptes Rendus -
Palevol, 10(2-3), 133-142. https://doi.org/10.1016

Lago, A., Rezende, T.T., Dias, M.A.D., Freitas, R.T.F. , & Hilsdorf, A. W. S. (2016).
The development of genetically improved red tilapia lines through the
backcross breeding of two Oreochromis niloticus strains. Aquaculture.
https://doi.org/10.1016/j.aquaculture.

Lall, S. P., & Tibbetts, S. M. (2009). Nutrition, feeding, and behavior of fish. The
Veterinary Clinics of North America. Exotic Animal Practice, 12(2), 36172,
https://doi.org/10.1016/j

Lampert, K. P., Schartl, M., Lampert, K. P., & Schartl, M. (2008). The origin and
evolution of a unisexual hybrid : Poecilia formosa The origin and evolution of
a unisexual hybrid: Poecilia formosa. The Royal Society of London,
(September). https://doi.org/10.1098/rstb.

Leclercq, E., & Taylor, J. F. (2010). Morphological skin colour changes in teleosts.
Fish  and Fisheries, 11, 159-193. https://doi.org/10.1111/].1467-
2979.2009.00346.x

Leonardo, J.G.B., Luiz C.K., Rosmari M.Q., Irineo, F., Leonardo, C., Auren, B.S., et
al. (2004). Nursery rearing of jundia, Rhamdia quelen (Quoy & Gaimard) in
cages: Cage type, stocking density and stress response to confinement.
Aquaculture, 232(1-4), 383-394. https://doi.org/10.1016/S0044-
8486(03)00545-3

Liang, J., & Chien, Y. (2013). Effects of feeding frequency and photoperiod on water
quality and crop production in a tilapia water spinach raft aquaponics system.
International  Biodeterioration &  Biodegradation, 85, 693-700.
https://doi.org/10.1016/j.ibiod.

Librado, P. & Rozas, J. (2009). DnaSP v5: A software for Comprehensive analysis of
DNA Polymorphism data. Bioinformatics, 25, 1451-1452.

95



Lim KC, Lim P-E, Chong VC., Loh., K.-H. (2015). Molecular and Morphological
Analyses Reveal Phylogenetic Relationships of Stingrays Focusing on the
Family Dasyatidae (Myliobatiformes). PLoS ONE, 10(5), e0129411.
https://doi.org/10.1371

Luo, L., Tieliang L., Wei X., Min X., Zhihong M., Na Jiang, W. L. (2015). Effects of
feeding rates and feeding frequency on the growth performances of juvenile
hybrid sturgeon , Acipenser schrenckii. Aquaculture, 448, 229-233.
https://doi.org/10.1016/j.aquaculture.2015.06.005

Lind, C. E., Brummett, R. E., & Ponzoni, R. W. (2012). Exploitation and conservation
of fish genetic resources in Africa: issues and priorities for aquaculture
development and research. Reviews in Aquaculture, 4, 125-141.
https://doi.org/10.1111/j.1753-5131.2012.01068.x

Lior, D., Rothbard, S., & Rubinstein, 1. (2004). Aspects of red and black color
inheritance in the Japanese ornamental (Koi) carp (Cyprinus carpio).
Aquaculture, 233, 129-147.
https://doi.org/10.1016/j.aquaculture.2003.10.033

Liu, Z. J. (2007). Restriction Fragment Length Polymorphism (RFLP. In Aquaculture
Genome Technology (pp. 11-21). Blackwell Publishing.

Lovshin, L. L., Tave, D., & Lieutaud, O. (1990). Growth and yield of mixed-sex,
young-of-the-year Oreochromis niloticus raised at two densities in earthen
ponds in Alabama, U.S.A. Aquaculture, 89(2), 21-26.
https://doi.org/10.1016/0044-8486(90)90230-K

Lozano, C.A., Gjerde, B., @degard, J., & Bentsen, H. B. (2013). Heritability estimates
for male proportion in the GIFT Nile tilapia (Oreochromis niloticus).
Aquaculture, 372-375, 137-148. https://doi.org/10.1016/j.aquaculture.

Lozano, C. A., Gjerde, B., @degard, J., Rye, M., & Luan, T. D. (2014). Heritability
estimates for male proportion in hybrids between Nile tilapia females
(Oreochromis niloticus) and blue tilapia males (Oreochromis aureus).
Aquaculture, 430, 66-73. https://doi.org/10.1016.

Luchiari, B. A. C., & Freire, F. A. M. (2009). Effects of environmental colour on
growth of Nile tilapia , Oreochromis niloticus ( Linnaeus , 1758 ), maintained
individually or in groups. Journal of Applied Ichthyology, 25, 162-167.
https://doi.org/10.1111/j.1439-0426.2008.01203.x

Rezoanul Haquea, M., Ashraful Islama, M., Abdul Wahabb, M. Enamul, H.M.,
Mojibar Rahmand, Mojiba, M.R., et al. (2016). Evaluation of production
performance and profitability of hybrid red tilapia and genetically improved
farmed tilapia (GIFT) strains in the carbon/nitrogen controlled periphyton-
based (C/N- CP) on-farm prawn culture system in Bangladesh. Aquaculture
Reports, 4, 101-111. https://doi.org/10.1016.

96



Ma, F., Li, X. ., Li, B. ., & Leng, X. J. (2015). Effects of extruded and pelleted diets
with differing lipid levels on growth, nutrient retention and serum biochemical
indices of tilapia ( Oreochromis aureus x Tilapia nilotica). Aquaculture
Nutrition, https://doi.org/10.1111

Manush, S. M., Pal, A. K., Das, T., & Mukherjee, S. C. (2006). The influence of
temperatures ranging from 25 to 36 ° C on developmental rates ,
morphometrics and survival of freshwater prawn (Macrobrachium
rosenbergii) embryos. Aquaculture, 256, 529-536. https://doi.org/10.1016.

Martins, C. I. M., Conceicdo, L. E. C., & Schrama, J. W. (2011). Feeding behavior
and stress response explain individual differences in feed efficiency in
juveniles of Nile tilapia Oreochromis niloticus. Aquaculture, 312, 192-197.
https://doi.org/10.1016/j.aquaculture.

Mathia, W. M., & Fotedar, R. (2012). Evaluation of boiled taro leaves, Colocasia
esculenta (L.) Schott, as a freshwater shrimp, Caridina nilotica Roux protein
replacement, in diets of Nile tilapia, Oreochromis niloticus (Linnaeus).
Aquaculture, 356-357, 302-309.
https://doi.org/10.1016/j.aquaculture.2012.05.002

McManus, G. B., & Katz, L. A. (2009). Molecular and morphological methods for
identifying plankton: what makes a successful marriage? Journal of Plankton
Research, 31(10), 1119-1129. https://doi.org/10.1093/plankt/fbp061

Megan, R.M., & Bentzen, P . (2010). Positive relationships between genetic diversity
and abundance in fishes. Molecular Ecology, 19, 4852-4862.
https://doi.org/10.1111/j.1365-294X.2010.04822.x

Mei, Z., Zhang, X., Khan, A., Imani, S., Liu, X., Zou, H., & Fu, J. (2017). Genetic
analysis of Penthorum chinense Pursh. by improved-RAPD and ISSR in
China. Electronic Journal of Biotechnology. https://doi.org/10.1016/j.ejbt.

Melo, R. M. C., Martins, Y. S., Teixeira, E. de A, Luz, R. K., Rizzo, E., & Bazzoli,
N. (2014). Morphological and quantitative evaluation of the ovarian
recrudescence in Nile tilapia (Oreochromis niloticus) after spawning in
captivity. Journal of Morphology, 275(3), 348-56. https://doi.org/10.1002.

Mitteroecker, P., & Gunz, /&. P. (2009). Advances in Geometric Morphometrics.
Evolution Biology, 235-247. https://doi.org/10.1007/s11692-009-9055-x

Mu, X., Liu, C., Wang, X., Liu, Y., Hu, Y., & Luo, J. (2014). Complete mitochondrial
genome of Zebra tilapia, Tilapia buttikoferi. Mitochondrial DNA Part A, 1736,
1-2. https://doi.org/10.3109/19401736.2013.869687

Nagl, S., Tichy, H., Mayer, W. E., Samonte, I. E., Mcandrew, B. J., & Klein, J. (2001).
Classification and Phylogenetic Relationships of African Tilapiine Fishes
Inferred from Mitochondrial DNA Sequences. Molecular Phylogenetics and
Evolution, 20(3), 361-374. https://doi.org/10.1006.

97



Nakphet, S., Ritchie, R. J.,, & Kiriratnikom, S. (2017). Aquatic plants for
bioremediation in red hybrid tilapia. Aquaculture International, 25(2), 619—
633. https://doi.org/10.1007/s10499-016-0060-7

Napora-rutkowski, 1., Rakus, K., Nowak, Z., Szczygie, J., Pilarczyk, A.,
Ostaszewska, T., & Irnazarow, I. (2017). Genetic diversity of common carp
(Cyprinus carpio) strains breed in Poland based on microsatellite , AFLP , and
mMtDNA genotype data. Aquaculture, 473, 433-442.
https://doi.org/10.1016/j.aquaculture.

Neelam, P., Ankita, P., Pradeep, C. (2013). Morphometric Analysis of Fish Population
from two Different Ponds of. Res. J. Animal, Veterinary and Fishery Sci, 1(6),
6-9.

Neely, K. G., Myers, J. M., Hard, J. J., & Shearer, K. D. (2008). Comparison of
growth, feed intake, and nutrient efficiency in a selected strain of coho salmon
(Oncorhynchus kisutch) and its source stock. Aquaculture, 283(1-4), 134-140.
https://doi.org/10.1016/j.aquaculture.

Neff, B. D., Garner, S. R., & Pitcher, T. E. (2011). Conservation and enhancement of
wild fish populations : preserving genetic quality versus genetic diversity.
Canadian Journal of Fisheries and Aquatic Sciences, 1154. 1139-1154.
https://doi.org/10.1139/F2011-029

Negassa, A., and Getahun, A. (2004). Food habits and diel feeding rhythm of
introduced fish,. Ethiopia Journal of Science, 27(1), 9-16.

Neira, R., Diaz, N. F., Gall, G. A. E., Gallardo, J. A., Lhorente, J. P., & Manterola, R.
(2006). Genetic improvement in Coho salmon (Oncorhynchus kisutch).
Selection response and inbreeding depression on harvest weight. Aquaculture,
257(1-4), 9-17. https://doi.org/10.1016/j.aquaculture.2006.03.002

Neira, R., Garcia, X., Lhorente, J. P., Filp, M., Yanez, J. M., & Cascante, A. M. (2016).
Evaluation of the growth and carcass quality of diallel crosses of four strains
of Nile tilapia (Oerochromis niloticus). Aquaculture, 451, 213-222.
https://doi.org/10.1016/j.aquaculture.2015.08.033

Nekede, F. P. (2012). Food and Feeding Habits of Tilapia Zilli ( Pisces : Cichlidae )
in River Otamiri. Bioscience Discovery, 3(2), 146-148.

Neu, D. (2016). Growth Performance , Biochemical Responses , and Skeletal Muscle
Development of Juvenile Nile Tilapia , Oreochromis niloticus , Fed with
Increasing Levels of Arginine. Journal of the World Aquaculture Society,
47(2), 248-259. https://doi.org/10.1111/jwas.

Ng, W., & Hanim, R. (2007). Performance of genetically improved Nile tilapia
compared with red hybrid tilapia fed diets containing two protein levels.
Aquaculture Research, 38, 965-972. https://doi.org/10.1111/j.1365-
2109.2007.01758.x

98



Ng, W. K., & Romano, N. (2013). A review of the nutrition and feeding management
of farmed tilapia throughout the culture cycle. Reviews in Aquaculture, 5(4),
220-254. https://doi.org/10.1111/raq.12014

Ngugi, C. C., Oyoo-okoth, E., Manyala, J. O., Fitzsimmons, K., & Kimotho, A.
(2017). Characterization of the nutritional quality of amaranth leaf protein
concentrates and suitability of fish meal replacement in Nile tilapia feeds.
Aquaculture Reports, 5, 62—69. https://doi.org/10.1016/j.aqrep.2017.01.003

Ninh, N. H., Thoa, N. P., Knibb, W., & Nguyen, N. H. (2014). Selection for enhanced
growth performance of Nile tilapia (Oreochromis niloticus) in brackish water
(15-20ppt) in Vietnam. Aquaculture, 428429, 1-6.
https://doi.org/10.1016/j.aquaculture.2014.02.024

Nwachi, O.F., & Esa, Y.B. (2016). Comperative Growth and survival of diploid and
triploid Mozambique Tilapia (Oreochromis mossambicus) reared in indoor
tanks. Journal of Environmental Biology, 37(November), 839-843.

Nwachi, O.F., & Ekokotu, P.A. (2013). The Production of Triploid Clariobranchus in
Indoor Hatchery, Journal of Research in Biology 5(1), 42—46.

Nyingi, D., De Vos, L., Aman, R., & Agnese, J. F. (2009). Genetic characterization of
an unknown and endangered native population of the Nile tilapia Oreochromis
niloticus (Linnaeus, 1758) (Cichlidae; Teleostei) in the Loboi Swamp (Kenya).
Aquaculture, 297(1-4), 57-63.
https://doi.org/10.1016/j.aquaculture.2009.09.017

Nyunja, C., Maina, J., Amimo, J., & Jung, F. K. D. H. and J. (2017). Stock Structure
Delineation of the African Catfish ( Clarius gariepinus ) in Selected
Populations in Kenya Using ... Stock Structure Delineation of the African
Catfish ( Clarius gariepinus ) in Selected Populations in Kenya Using
Mitochondrial DNA ( Dloop. Journal of Aquaculture Research &
Development Research., (January). https://doi.org/10.4172/2155-
9546.1000485

Obirikorang, K. A., Amisah, S., Fialor, S. C., & Skov, P. V. (2015). Effects of dietary
inclusions of oilseed meals on physical characteristics and feed intake of diets
for the Nile tilapia, Oreochromis niloticus. Aquaculture Reports, 1, 43-49.
https://doi.org/10.1016/j.aqrep

Ogden Rob. (2008). Fisheries forensics: the use of DNA tools for improving
compliance , traceability and enforcement in the fishing industry. Fish and
Fisheries, 462—472.

Okomoda, V., Clariidae, B., Solomon, S. G., Okomoda, V. T., & Ogbenyikwu, A. I.
(2016). Intraspecific morphological variation between cultured and wild
Clarias gariepinus (Burchell) (Clariidae , Siluriformes ). Arch. Pol. Fish, 23,
53-61. https://doi.org/10.1515

99



Oladimeji, T. E., Awodiran, M. O., & Komolafe, O. O. (2015). Genetic Differentiation
Studies among Natural Populations of Tilapia zillii, Vestnik Zoologii 7(July),
423-429. https://doi.org/10.15835

Omasaki, S. K., Janssen, K., Besson, M., & Komen, H. (2017). Economic values of
growth rate, feed intake, feed conversion ratio, mortality and uniformity for
Nile tilapia. Aquaculture. https://doi.org/10.1016/j.aquaculture.

Onyeche, V.E.O, Onyeche, L.E Akankali, J.A., Enodiana, 1.0., & Ebenuwa, P. (2013).
Food and feeding Habit in Anwai Stream Icthyofauna, Niger Delta.
International Journal of Fisheries and Aquatic Science, 5(11), 286—-294.

Oso, J.A, Ayodele, I.A.,, & Fagbuaro, O. (2013). Food and feeding habits of
Oreochromis niloticus (L) and Sarotheredon galileaus (L) in a Tropical
Reservoir. World Journal of Zoology, 1(2), 181-121.

Overturf, K. (2009). Convergence of Aquaculture and Molecular Biology. In ed K.
Overturf (Ed.), Molecular Research in Aquaculture. Wiley-Blackwell, Oxford,
UK. https://doi.org/10.1002/9780813807379.chl

Padula, V., Causey, D., & Lopez, J. (2017). Mitochondrial DNA phylogeography of
least cisco Coregonus sardinella in Alaska. Journal of Fish Biology, (January).
https://doi.org/10.1111/jfb.13220

Page, T. J.,, & Hughes, J. M. (2010). Comparing the performance of multiple
mitochondrial genes in the analysis of Australian freshwater fishes. Journal of
Fish Biology, 2093-2122. https://doi.org/10.1111/j.1095-8649.2010.02821.x

Parnell, N., & Steelman, J. T. (2013). Genetic interactions controlling sex and color
establish the potential for sexual conflict in Lake Malawi cichlids. Heredity
110(3) - October 2012, 110(3), 239-246.

Pathak N.B., Parikh A.N. & Mankodi. (2013). Morphometric Analysis of Fish
Population from two Different Ponds of. Research Journal of Animal,
Veterinary and Fishery Sciences, 1(6), 6-9.

Pereira, R. T., Rosa, P. V, & Gatlin, D. M. (2017). Glutamine and arginine in diets for
Nile tilapia : Effects on growth , innate immune responses , plasma amino acid
pro fi les and whole-body composition. Aquaculture, 473, 135-144.
https://doi.org/10.1016/j.aquaculture.2017.01.033

Phelps, R. P., & Popma, T. J. (2000). Sex Reversal of Tilapia. Aquaculture, 26, 000
013.

Piwpong, N., Chiayvareesajja, J., & Chiayvareesajja, S. (2017). Growth and survival
of a diallel cross for fi ve strains of climbing perch ( Anabas testudineus Bloch
, 1792 ) in Thailand. Agriculture and Natural Resources, 50(2016), 351-356.

100



Plaipetch, P., & Yakupitiyage, A. (2014). Effect of replacing soybean meal with yeast-
fermented canola meal on growth and nutrient retention of Nile tilapia ,
Oreochromis niloticus ( Linnaeus 1758 ). Aquaculture Research, 45, 1744—
1753. https://doi.org/10.1111/are.12119

Plenderleith, M., van Oosterhout, C., Robinson, R. L., & Turner, G. F. (2005). Female
preference for conspecific males based on olfactory cues in a Lake Malawi
cichlid fish. Biology Letters, 1(4), 411-414.
https://doi.org/10.1098/rsbl.2005.0355

Pongthana, N., Nguyen, N. H., & Ponzoni, R. W. (2010). Comparative performance
of four red tilapia strains and their crosses in fresh- and saline water
environments. Aquaculture, 308(SUPPL.1), S109-S114.
https://doi.org/10.1016/j.aquaculture.

Rabeya R.M., Ariful, I., & Shah, M.R. (2015). Agriculture , livestock and fisheries.
Research in Agriculture Livestock and Fisheries, 2(2), 301-306.

Rajaee, A. H., Huntingford, F. A., Ranson, K. J., McAndrew, B. J., & Penman, D. J.
(2010). The effect of male colouration on reproductive success in Nile tilapia
(Oreochromis niloticus).  Aquaculture,  308(SUPPL.1), S119-S123.
https://doi.org/10.1016/j.

Rastogi, G., Dharne, M. S., Walujkar, S., Kumar, A., Patole, M. S., & Shouche, Y. S.
(2007). Species identification and authentication of tissues of animal origin
using mitochondrial and nuclear markers. Meat Science, 76, 666-674.
https://doi.org/10.1016/j.

Rawat, S., Benakappa, S., Kumar, J., Naik, K., Pandey, G., & Pema, C. W. (2017).
Identification of fish stocks based on Truss Morphometric : A review. Journal
of Fisheries and Life Science, 2, 9-14.

Refstie, T. (1983). Hybrids between Salmonid species.Growth rate and survival in
seawater. Aquaculture, 33, 281-285.

Reich, L., Don, J., & Avtalion, R. R. (1990). Inheritance of the red color in tilapias.
Genetica, (1), 195-200. https://doi.org/10.1007/BF00137326

Reichard, M., & Pola¢ik, M. (2010). Reproductive isolating barriers between colour-
differentiated populations of an African annual Killifish, Nothobranchius
korthausae (Cyprinodontiformes). Biological Journal of the Linnean Society,
100(1), 62—-72. https://doi.org/10.1111/j.1095-8312.2010.01406.x

Rezk, M. A., Ponzoni, R. W., Ling, H., Kamel, E., Dawood, T., & John, G. (2009).
Selective breeding for increased body weight in a synthetic breed of Egyptian
Nile tilapia , Oreochromis niloticus: Response to selection and genetic
parameters. Aquaculture, 293(3-4), 187-194.
https://doi.org/10.1016/j.aquaculture.

101



Richards, J. E., & Hawley, R. S. (2011). The Basics of Heredity : How Traits Are
Passed Along in Families. https://doi.org/10.1016/B978-0-08-091865-
5.00001-1

Ridha, M. T. (2010). Spawning performance and seed production from hybridization
between Oreochromis spilurus and the GIFT strain of the Nile tilapia
Oreochromis niloticus. Aquaculture Research, 723-729.
https://doi.org/10.1111/j.1365-2109.2009.02468.x

Romana-Eguia, M. R. R., Ikeda, M., Basiao, Z. U., & Taniguchi, N. (2004). Genetic
diversity in farmed Asian Nile and red hybrid tilapia stocks evaluated from
microsatellite and mitochondrial DNA analysis. Aquaculture, 236(1-4), 131-
150. https://doi.org/10.1016/j.

Ross, L. (2000). No Title Enveronmental physiology and energies. In B. . Beveridge,
M.C.M. and McAndrew (Ed.), Biology and Exploration (pp. 89-128).
Boston/London: Kluwer Academics Publishers.

Ruiz-Campos, G., Sanchez-Gonzales, S., Mayden, R. L., & Varela-Romero, A.
(2016). Meristic and morphometric comparison of an undescribed sucker of
the Rio Culiac??n (Catostomus sp.) and Yaqui sucker (Catostomus bernardini)
(Catostomidae, Teleostei) from the Sierra Madre Occidental, Mexico. Revista
Mexicana de Biodiversidad, 87(2), 380-389. https://doi.org/10.1016/j.

Russell, D. J., Thuesen, P.A., & Thomson, F. E. (2012). A review of the biology,
ecology, distribution and control of Mozambique tilapia, Oreochromis
mossambicus (Peters 1852) (Pisces: Cichlidae) with particular emphasis on
invasive Australian populations. Reviews in Fish Biology and Fisheries, 22,
533-554. https://doi.org/10.1007/s11160-011-9249-z

Rye, M., & Bentsen, H. B. (2013). Genetic improvement of tilapias in China : Genetic
parameters and selection responses in growth , pond survival and cold-water.
Aquaculture, 396-399(June), 32-42.
https://doi.org/10.1016/j.aquaculture.2013.02.010

Samaradivakara, S.P Hirimuthugoda N.Y.H., Gumwardana, R.H.A.N.M., llleperuma,
R., Femandopuile, N.D., De Silver A.D., & Alexander, P.A.B.D. (2012).
Morphological Variation of Four tilaapia Populations in Selected Reservoirs
in Sri Lanka. Tropical Agricultural Research, 23(2).

Saitou N., & Nei, M. (1987). The neighbor-joining method: A new method for
reconstructing phylogenetic trees. Molecular Biology and Evolution, 4, 406—
425.

Sakunthala, S., Haga, Y., & Satoh, S. (2016). Effects of long-term feeding of corn co-
product-based diets on growth , fillet color , and fatty acid and amino acid
composition of Nile tilapia Oreochromis niloticus. Aquaculture, 464, 205-
212. https://doi.org/10.1016/j.

102



Samidjan I., & Rachmawati, D. (2016). Technology Engineering of Aquaculture
Snakeheads [ Channa striatus ( Bloch , 1793 )] using Cross Breeding from
Different Waters for Determining the Genetic Variation of Superior Seeds.
Aquatic Procedia, 7, 136-145. https://doi.org/10.1016/j.agpro.

Saptaru, P. (1978). Food and feeding habits of Tilapia zilli. Aquaculture, 14, 327—
338.

Sebastido, F. A, Furlan, L. R., Hashimoto, D. T., & Pilarski, F. (2015). Identification
of Bacterial Fish Pathogens in Brazil by Direct Colony PCR and 16S rRNA
Gene Sequencing. Advances in Microbiology, (June), 409-424.

Seehausen, O., & Schluter, D. (2004). Male-male competition and nuptial-colour
displacement as a diversifying force in Lake Victoria cichlid fishes.
Proceedings of the Royal Society B: Biological Sciences, 271(1546), 1345—
1353. https://doi.org/10.1098/rspb.2004.2737

Selz, O. M., Pierotti, M. E. R., Maan, M. E., Schmid, C., & Seehausen, O. (2014).
Female preference for male color is necessary and sufficient for assortative
mating in 2 cichlid sister species. Behavioral Ecology, 25(3), 612-626.
https://doi.org/10.1093/beheco/aru

Siddiqui, A. Q., & Al-Harbi, A. H. (1995). Evaluation of three species of tilapia, red
tilapia and a hybrid tilapia as culture species in Saudi Arabia. Aquaculture,
138(1-4), 145-157. https://doi.org/10.1016/0044-8486(95)01088-2

Slice, D. E. (2007). Geometric Morphometrics. Ann.Rev Anthropol, 36, 261-281.
https://doi.org/10.1146.

Sohail, M., Qureshi, N. A., Khan, N., Khan, M. N., & Javed, K. (2014). Effect of
Supplementary Feed , Fertilizer and Physico-Chemical Parameters on Pond
Productivity Stocked. Effect of Supplementary Feed , Fertilizer and Physico-
Chemical Parameters on Pond Productivity Stocked With Indian Major Carps
in. Pakistan Journal of Zoology.

Springer, N. M., & Schmitz, R. J. (2017). Exploiting induced and natural epigenetic
variation for crop improvement. Nature Publishing Group, 18(9), 563-575.
https://doi.org/10.1038/nrg.

Stelkens, R. B., Pierotti, M. E. R., Joyce, D., Smith, A. M., Van der Sluijs, I., &
Seehausen, O. (2008). Disruptive sexual selection on male nuptial coloration
in an experimental hybrid population of cichlid fish. Philosophical
Transactions of the Royal Society of London. Series B, Biological Sciences,
363(1505), 2861-2870. https://doi.org/10.1098/rstb.2008.0049

Stone, N. M. (1982). Breeding and Culture of the Red-Gold Color Phase of tilapia. J.
World Maricul. SO, 220, 210-220.

Sun, L., & Chen, H. (2014). Effects of water temperature and fish size on growth and
bioenergetics of cobia (Rachycentron canadum). Aquaculture, 426-427, 172—
180. https://doi.org/10.1016/j

103



Tamura K., Stecher G., Peterson D., Filipski A., & K. S. (2013). MEGAG6: Molecular
Evolutionary Genetics Analysis version 6.0. Molecular Biology and Evolution,
30, 2725-2729.

Tamura K., & Nei, M. (1993). Estimation of the number of nucleotide substitutions in
the control region of mitochondrial DNA in humans and chimpanzees.
Molecular Biology and Evolution, 10, 512-526.

Tave, D. (1988). Genetics and breeding of tilapia: a review. In In The Second
International Symposium on Tilapia in Aquaculture. 15 (pp. 285-293).
ICLARM Conf. Proc 15.

Tave, D. (1993). Genetics for Hatchery managers . (second edi). Published by Van
Nostrand Reinhold New york. Avi Book.

Thakar, P., Chauhan, R. M., & Joshi, P. (2017). Random Amplified Polymorphic DNA
( RAPD ) Analysis of Released Varieties and Hybrids of Pigeonpea [ Cajanus
cajan (L .) Int. J. Pure App. Biosci, 5(1), 674—678.

Thilaga, S., Rahul, R., & Rajesh, M. (2017). Markers for screening shoot gall maker
(Betousa stylophora Swinhoe) tolerant genotypes of amla (Phyllanthus
emblica). Journal of Genetic Engineering and Biotechnology.
https://doi.org/10.1016/j.jgeb.2017.07.003

Thodesen, J., Ma, D., Rye, M., Wang, Y., Li, S., Bentsen, H. B., & Gjedrem, T. (2013).
Genetic improvement of tilapias in China : Genetic parameters and selection
responses in growth , survival and external color traits of red tilapia (
Oreochromis spp .) after four generations of multi-trait selection. Aquaculture,
417, 354-366.

Thodesen, J., Rye, M., Wang, Y. X., Li, S. J., Bentsen, H. B., Yazdi, M. H., &
Gjedrem, T. (2013). Genetic improvement of tilapias in China: Genetic
parameters and selection responses in growth, survival and external color traits
of red tilapia (Oreochromis spp.) after four generations of multi-trait selection.
Aquaculture, 416-417, 354-366. https://doi.org/10.1016/j.

Thongprajukaew, K., Rodjaroen, S., Yoonram, K., Sornthong, P., Hutcha, N.,
Tanttikiti, C., & Kovitvadhi, U. (2015). Effects of dietary modified palm
kernel meal on growth, feed utilization, radical scavenging activity, carcass
composition and muscle quality in sex reversed Nile tilapia (Oreochromis
niloticus). Aquaculture, 4309, 45-52.
https://doi.org/10.1016/j.aquaculture.2015.01.021

Tiziana P., Trotta, M., Di Marco, I., Anastasio., Manuel, J., Bautista, A. M. (2007).
Fish Species Identification in Surimi-Based Products. J. Agric. Food Chem.,
3681-3685.

Hidayat, T., Tomohisa Y., & Motomi, I. (2005). Molecular phylogenetics of subtribe
Aeridinae ( Orchidaceae ): insights from plastid matK and nuclear ribosomal
ITS sequences. J Plant Res, 271-284.

104



Trewavas, E. (1982). Tilapias: Taxonomy and Speciation (eds.). In R. S. V. P. Pullin
& R. H. L. McConnell (Eds.), The biology and culture of tilapias (pp. 3-13).
Manila, Philippines: ICLARM.

Trong, T. Q., Mulder, H. A., Van Arendonk, J. A. M., Komen, H., Arendonk, J. A. M.
Van, & Komen, H. (2013). Heritability and genotype by environment
interaction estimates for harvest weight , growth rate , and shape of Nile tilapia
( Oreochromis niloticus ) grown in river cage and VAC in Vietnam.
Aquaculture, 387, 119-127. https://doi.org/10.1016/j.

Trosvik, K. A., Rawles, S. D., Thompson, K. R., & Metts, L. A. (2012). Growth and
Body Composition of Nile Tilapia (Oreochromis niloticus) Fry Fed Organic
Diets Containing Yeast Extract and Soybean Meal as Replacements for Fish
Meal , with and without Supplemental Lysine and Methionine. Journal Of the
World Aquaculture Society, 43(5), 635-647.

Gjedrem, T., Magnus, H., & Gjgen, B.G (1991). Genetic origin of Norwegian farmed
Atlantic salmon. Aquaculture, 98(1-3), 41-50. https://doi.org/10.1016/0044-
8486(91)90369-1

Tsadik, G. G., & Bart, A. N. (2007). Effects of feeding, stocking density and water-
flow rate on fecundity, spawning frequency and egg quality of Nile tilapia,
Oreochromis  niloticus  (L.).  Aquaculture, 272(1),  380-388.
https://doi.org/10.1016/j.

Turan, C., Oral, M., Oztiirk, B., & Diizgiines, E. (2006). Morphometric and meristic
variation between stocks of Bluefish (Pomatomus saltatrix) in the Black,
Marmara, Aegean and northeastern Mediterranean Seas. Fisheries Research,
79(1-2), 139-147.

Verdal, H., De-Mekkawy, W., Lind, C. E., Vandeputte, M., Chatain, B., & Benzie, J.
A. H. (2017). Measuring individual feed efficiency and its correlations with
performance traits in Nile tilapia , Oreochromis niloticus. Aquaculture, 468,
489-495.

Vilhena, R., Neto, R., Antonio, C., Oliveira, L. De, Ribeiro, R. P., Tadeu, R., & Freitas,
F. De. (2014). Genetic parameters and trends of morphometric traits of GIFT
tilapia under selection for weight gain. Scientia Agricola, 71(4), 259-265.
https://doi.org/10.1590/0103-9016-2013-0294

Ward, R. D., Zemlak, T. S., Innes, B. H., Last, P. R., & Hebert, P. D. N. (2005). DNA
barcoding Australia’s fish species. Philosophical Transactions of the Royal
Society of London. Series B, Biological Sciences, 360(September), 1847-1857.
https://doi.org/10.1098/rstb

Willoughby, J. R., Fernandez, N. B., Lamb, M. C., & lvy, J. A. (2015). The impacts
of inbreeding , drift and selection on genetic diversity in captive breeding
populations. Molecular Ecology, 24, 98-110. https://doi.org/10.1111/mec.

105



Wohlfarth, G. W., Rothbard, S., Hulata, G., & Szweigman, D. (1990). Inheritance of
red body coloration in Taiwanese tilapias and in Oreochromis mossambicus.
Aquaculture, 84(3-4), 219-234. https://doi.org/10.1016/0044-
8486(90)90088-5

Wong, G., Wong, I., Chan, K., Hsieh, Y., & Wong, S. (2015). A Rapid and Low-Cost
PCR Thermal Cycler for Low Resource Settings. PLoS ONE, 1-21.
https://doi.org/10.1371/j

Woon, C. S., Payus, C., Vun, L. W., & Lee, W. P. (2017). Perceptions of Relevant
Stakeholders towards the Impact of Climate Change Policy on Aquaculture
Activities in Malaysia : Some Preliminary Findings. International Journal of
Environmental Science and Development, 8(7), 18178.
https://doi.org/10.18178/ijesd.

Wu, L., & Yang, J. (2012). Identifications of Captive and Wild Tilapia Species
Existing in Hawaii by Mitochondrial DNA Control Region Sequence. PLoS
ONE, 7(12), 1-9. https://doi.org/10.1371/j

Xia, O., wei, Li., Da-yu, Z., Jing-Ling, J.H.U., & Han jue, Y. H. (2016). Genetic
Variation of Mitochondrial DNA D-lop sequences from Differnt Strain of Nile
tilapia (Oreochromis niloticus). SOuthwest China Journal of Agricultural
Science, 8, 2—7.

Xu, Z., & Boyd, C. E. (2016). Reducing the monitoring parameters of fish pond water
quality. Aquaculture, 465, 359-366. https://doi.org/10.1016/j.

Yahya, P., Sulong, S., Harun, A., Wan, H., Rajab, N. A., Wangkumhang, P., & Alwi,
B. (2017). Forensic Science International : Genetics Analysis of the genetic
structure of the Malay population : Ancestry-informative marker SNPs in the
Malay of Peninsular Malaysia. Forensic Science International: Genetics, 30,
152-159. https://doi.org/10.1016/j.

Yafiez, J. M., Newman, S., & Houston, R. D. (2015). Genomics in aquaculture to
better understand species biology and accelerate genetic progress. Frontires in
Genetics, 6(April), 1-3. https://doi.org/10.3389/fgene.2015.00128

Yang, H., Liu, T., Zhang, G., Chen, J., Gu, J., & Yuan, L. (2017). International Journal
of Food Microbiology Genotyping of Lactobacillus sanfranciscensis isolates
from Chinese traditional sourdoughs by multilocus sequence typing and
multiplex RAPD-PCR. International Journal of Food Microbiology,
258(January), 50-57. https://doi.org/10.1016/j.

Young, E., Young, H., Yoon, S., Jung, S., Seok, I, Lee, Y., Shin, K. (2016). Forensic
Science International : Genetics Massively parallel sequencing of the entire
control region and targeted coding region SNPs of degraded mtDNA using a
simpli fi ed library preparation method. Forensic Science International:
Genetics, 22, 37-43. https://doi.org/10.1016/].

106



Yue, Y., Zou, Z., Zhu, J., Li, D., Xiao, W., Han, J., & Yang, H. (2015). Effects of
dietary arginine on growth performance , feed utilization , haematological
parameters and non-specific immune responses of juvenile Nile tilapia (
Oreochromis niloticus L .). Aquaculture Research, 1801-1809.
https://doi.org/10.1111/are.12333

Yusoff, A. (2015). Status of resource management and aquaculture in. In & M. J. H.
L.-R. M. R. R. Romana-Eguia, F. D. Parado-Estepa, N. D. Salayo & (Eds.)
(Eds.), Proceedings of the International Workshop on Resource Enhancement
and Sustainable Aquaculture Practices in Southeast Asia 2014 (RESA) . (pp.
53-65). Tigbauan, lloilo, Philippines: Aquaculture Dept., Southeast Asian
Fisheries Development Center.: Southeast Asian Fisheries Development
Center.

Zou, L., Huang, J., Zhang, G., Liu, Z., & Zhuang, X. (2015). Molecular Phylogenetics
and Evolution Short Communication A molecular phylogeny of Aeridinae
(Orchidaceae epidendroideae) inferred from multiple nuclear and chloroplast
regions.  Molecular  Phylogenetics and  Evolution,  (February).
https://doi.org/10.1016

Zou, Z., Li, D., Zhu, J., Han, J., Xiao, W., & Yang, H. (2015). Genetic variation among
four bred populations of two tilapia strains, based on mitochondrial D-loop
sequences. Mitochondrial DNA, 26(3), 426-430.
https://doi.org/10.3109/19401736.2013.855735

107





