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Abstract of thesis presented to the senate of Universiti Putra Malaysia in fulfillment of
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SEX STEROID PROFILES, GONADAL HISTOLOGY AND EARLY
DEVELOPMENT OF CLARIAS BATRACHUS LINNEAUS IN CAPTIVITY

By

LAWALI ALKALI ARGUNGU
Chairman: Annie Christianus, PhD

Faculty: Agriculture

Clarias batrachus is a local species in South East Asia and is the most popular in terms
of aquaculture and aquarium trade among Asian species. Its excellent nutritional profile
and ability to perform in water environments with depleted water quality condition has
made it a good candidate for aquaculture. It could accommodate high density stocking
and ensure high yield per unit area. The fish is threatened and is getting extinct due to
overexploitation of water resource, habitat loss, and unguarded introduction of exotic
species such as Clarias gariepinus and indiscriminate use of agrochemicals particularly
pesticides in the paddy fields which is the popular natural breeding ground of the
species. This has made it increasingly difficult to obtain the seed of the species from the
wild. Aquaculture is the only platform upon which the extinction of this promising
species can be arrested and the fact that hatchery-bred fish has to be induced to spawn
due to lack of spontaneous spawning in captivity has made the study of the reproductive
biology of this species a necessity. Consequently, reproductive hormonal profile and
gonadal development of C. batrachus were investigated at the University Putra Malaysia
Agquaculture Research Station in Puchong, Selangor, Malaysia from February 2012 to
January 2013. The brood stocks for the study were obtained from the wild at Negeri
Sembilan. Commercial Enzyme Linked Immunosorbent Assay (ELISA) was used to
assay plasma sex steroid hormones, 17p-estradiol, 11-ketotestosterone and testosterone.
The range values of 17p-estradiol, 11-ketotestosterone, male and female testosterones
were 111.68 = 3.62 pg/ml (December) to 695.30 £ 8.94 pg/ml (October), 6.61 = 0.24
pg/ml (September) to 80.27 £ 5.29 pg/ml (August), 26.67 = 0.98 pg/ml (September) to
209 21 + 19.49 pg/ml (October) and 7.02 + 0.06 pg/ml (February) to 49.99 + 2.17 pg/ml
(October) respectively. The monthly values of 17pB-estradiol, 11-ketotestosterone and
testosterone were significantly different (P<0.05) and the profiles of the steroid
hormones have exhibited several peak levels during the study period implying the ability
of the fish to spawn several times in a year. At the same time several stages of oocyte



development were always found in the ovary while evidence of continuous
spermatogenesis was detected in the testes proving that C. batrachus is a non-seasonal
breeder. Induced breeding using different doses (0.7, 1.0, 1.3, 1.6 and 1.9 ml/kg BW of
fish) of synthetic hormone, ovaprim was investigated. Fecundity, ovulation rate,
fertilization rate, hatching rate and survival rate were the parameters used to judge the
performance of the various doses and 1.0 ml of ovaprim per kg body weight of female
fish was found to guarantee the best performance in the induced breeding of C.
batrachus. The shortest latency period (12hours) on record was recorded in this study
on all tested doses of ovaprim. The impact of ovaprim on the plasma sex steroid levels
were investigated at different doses and time-intervals (0.7, 1.0, 1.3, 1.6 and 1.9 ml/kg
BW at 0, 6, 12, 18 and 24 hours) and saline solution was used as control. The result
revealed that, ovaprim was effective in elevating plasma sex steroid levels. Embryonic
and larval development of the fish was also evaluated. The developmental events were
found to be in conformity with what was reported by several scholars on catfish.
However, hatching was observed to be accomplished within 24-30 hours post
fertilization. Some individuals were noticed to have absorbed their yolk-sac on the third
day but majority fully utilized the yolk-sac on the fourth day. This characteristic has
implication on the survival and management of the larva of this species if early mortality
and cannibalistic tendencies are to be controlled. The outcome of the study has shown
that C. batrachus is a non-seasonal breeder which can breed several time in a year.
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Malaysia adalah salah satu negara Asia yang mengalami kekurangan Clarias batrachus
yang terancam. Oleh itu, profil hormon reproduktif dan perkembangan gonad C.
batrachus telah dikaji dari Februari 2012 hingga Januari 2013. Asai Imunoserapan
Berkait Enzim (ELISA) komersil digunakan untuk mengukur 17p-estradiol, 11-
ketotestosteron dan testosteron. Nilai tertinggi untuk 11-ketotestosteron dalam ikan
jantan adalah 80.27 + 9.16 pada bulan Ogos 2012 dan 17p-estradiol dalam ikan betina
adalah 698.30 £ 17.40 pg/ml pada bulan Oktober 2012. Nilai tertinggi testosterone untuk
ikan jantan dan betina adalah pada bulan Oktober 2012 pada 209.21 + 33.76 pg/ml dan
49.99 £ 3.75 pg/ml masing-masingnya. Nilai bulanan 1783- estradiol, 11-ketotestosteron
dan testosterone menunjukkan perbezaan yang ketara (p>0.05). Profil hormon steroid
memberikan beberapa puncak sepanjang tempoh kajian mencadangkan kemampuan ikan
untuk membiak sebanyak beberapa kali dalam tempoh setahun. Pada masa yang sama,
pemerhatian histologi dibawah mikroskopi cahaya menunjukkan kehadiran semua
peringkat oosit di dalam ovari, manakala spermatogenesis yang berterusan jelas
kelihatan di dalam testis menunjukkan bahawa C. Batrachus adalah spesis yang
membiak tanpa musim. Prestasi pembiakan C. batrachus dinilai menggunakan dos
ovaprim yang berbeza (0.7, 1.0, 1.3, 1.6 dan 1.9 ml/kg berat badan ikan) dan larutan
salin digunakan sebagai kawalan. Satu betina dan 2 jantan digunakan untuk setiap
kumpulan rawatan (N = 54). Ovulasi adalah 0, 67, 100, 100, 100 dan 100%; fekunditi O,
14792, 29469, 27367, 28519 dan 32522/kg berat badan; persenyawaan 0, 66, 86, 84, 838
dan 90%; penetasan 0, 92, 96, 97, 96 dan 98%, dan kemandirian 0, 54, 85, 79, 76 dan
76 % untuk rawatan kawalan, 0.7, 1.0, 1.3, 1.6 dan 1.9ml/kg berat badan masing-
masingnya. Semua parameter ini menunjukkan perbezaan yang ketara (P<0.05) untuk
semua kumpulan rawatan. Ovaprim dengan dos 1ml/kg berat badan ikan merupakan dos



yang paling kos-efektif untuk pembiakan aruhan C. batrachus. Tempoh kependaman
adalah 12 jam untuk semua dos yang telah diuji. Ini merupakan tempoh kependaman
yang paling singkat pernah direkodkan untuk spesis ini dengan mengunakan agen
aruhan. Impak ovaprim ke atas steroid seks plasma dikaji pada dos dan selang tempoh
(0.7,1.0, 1.3, 1.6 dan 1.9 ml/kg berat badan pada 0, 6, 12, 18 dan 24 jam) yang berbeza,
dan larutan salin digunakan sebagai kawalan. Keputusan menunjukkan bahawa ovaprim
adalah efektif untuk meningkatkan steroid seks plasma. Embrionik dan peringkat
perkembangan larva dipantau di bawah mikroskop yang disambung kepada kamera
digital. Penetasan diperhatikan berlaku dalam tempoh 24-30 jam selepas persenyawaan.
Beberapa individu didapati menyerap kuning telur sepenuhnya pada hari ketiga tetapi
majoritinya pada hari keempat. Ciri ini memberi implikasi ke atas kemandirian dan
pengurusan larva untuk mengelakkan kematian pada peringkat awal dan kecenderungan
kanibal ikan. Hasil kajian menunjukkan bahawa C. batrachus berupaya membiak dalam
beberapa kali dalam satu jangka masa.



ACKNOWLEDGEMENTS

I am grateful to Allah for sustaining and sparing my life and making it possible for me to
attain the present level in my educational carrier. May He bless the accomplishment and
make it beneficial to humanity.

| am particularly grateful to my Major supervisor, Dr. Annie Christianus for her patience
in painstakingly guiding this program to the successful end. 1 am also thankful to my
second supervisor, Dr. S. M. N Amin, for his enormous contribution in the success of
the program. | wish to acknowledge the support of my third supervisor, Associate
Professor, Dr. Siti Khalijah Daud for her kindness and attention throughout the period of
the research work. My appreciation goes to my former major supervisor, Professor Siti
Shapor Siraj for providing proper initial guidance to the program.

| wish to express my appreciation to all the academic staff of the Department of
Aquaculture, Faculty of Agriculture, and Universiti Putra Malaysia for their moral,
social and academic support during the trying time. | also acknowledge the support of
the Department of Aquaculture, Faculty of Agriculture and Department of Biological
science, Faculty of Science, Universiti Putra Malaysia for providing reseach materials
and equipements for this PhD work.

| feel particularly indebted to the staff of the Universiti Putra Malaysia Aquaculture
Research Station in Puchong such as Mr Azmi Yacoob, Mr. Roszainal Yusop and Miss
Lyna for their assistance during the field work and Mr. Jasni Mohd Yusoff, Mrs.Shafica
and Mrs. Zaharah for their assistance in the laboratory work.

Many colleagues and friends were quite supportive in the fields, laboratories and during
the data analysis. They include Dr. Fatimat Adenike Adebiyi, Dr. Mohammad Salisu
Abubakar, Dr. lbrahim Anka, and Dr. Aliyu Mohammad-Paiko, Dr. Engr. Yahayya
Mohammad-Bande, Dr. Engr. Habibu Rabiu, Dr. Lawali Adamu, Zubairu Usman
Bashar, Mohd Saeed, Shafiu Kamba, Ashiru Bello, Mr. Faizul, Mohammad lbrahim,
Abdulrahman Falaki and Mrs. Binta Isyaku Usman.

The opportunity given to me by the Usmanu Danfodiyo University, Sokoto, Nigeria and
the financial support accorded to me for the program by the TETFUND, Nigeria is
appreciated. The moral and financial support | enjoyed from Professor Riskuwa Araba
Shehu, Professor Bello Daudun Bada, Professor Abdullahi Audu Zuru, Professor
Abdullahi Mohammad Shinkafi and Dr Hussaini Adamu Suleja during the study
program is wholeheartedly acknowledged. The pains suffered and the sacrifice made by
my parents, family, children, and close friends at home as a result of my long absence is
indelibly noted.



APPROVAL

| certify that a Thesis Examination Committee has met on 11 July, 2014 to conduct the
final examination of Lawali Alkali Argungu on his thesis entitled “Sex Steroid Profiles,
Gonadal Histology and Early Development of Clarias Batrachus Linneaus in Captivity”
in accordance with the Universities and University Colleges Act 1971 and the
constitution of the Universiti Putra Malaysia [P.U. (A) 106] 15 March 1998. The
committee recommends that the student be awarded the Doctor of Philosophy degree.

Members of the Thesis Examination Committee were as follows:

Associate Professor Dr. Che Roos b Saad
Faculty of Agriculture

Universiti Putra Malaysia

(Chairman)

Professor Dr Aziz bin Arshad
Faculty of Agriculture
Universiti Putra Malaysia
(Internal Examiner)

Professor Dr. Abdul Razak bin Alimon
Faculty of Agriculture

Universiti Putra Malaysia

(Internal Examiner)

Associate Professor Dr. Paul Kam Shing Shin
Department of Biology and Chemistry

City University of Hong Kong

Tat Chee Avenue

Hong Kong.

(External Examiner)

Noritah Omar, PhD.

Associate Professor and Deputy Dean
School of Graduate Studies
Universiti Putra Malaysia

Date:

Vi



This thesis was submitted to the senate of University Putra Malaysia and has been
accepted as fulfilment of the requirements for the degree of Doctor of Philosophy. The
members of the supervisory committee were as follows:

Annie Christianus, PhD
Senior Lecturer

Faculty of Agriculture
University Putra Malaysia
(Chairman)

Dr. S. M. Nurul Amin, PhD
Senior Lecturer

Faculty of Agriculture
University Putra Malaysia
(Member)

Siti Khalijah bt Daud, PhD
Associate Professor
Faculty of Sciences
University Putra Malaysia
(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date

vii



DECLARATION

Declaration by Graduate Student

| hereby confirm that:

Signature: Date:

this thesis is my original work;

quotations, illustration and citations have been duly referenced;

This thesis has not been submitted previously or concurrently for any other
degree at any other institution;

intellectual property from the thesis and copyright of the thesis are fully-owned
by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia
(Research) Rules 2012;

writing permission must be obtained from supervisor and the office of Deputy
Vice-Chancellor (Research and Innovation) before thesis is published ( in the
form of writings, printed or in electronic form) including books, journal,
modules, proceeding, popular writings, seminar papers, manuscripts, posters,
reports, lecture notes, learning modules or any other materials as stated in the
Universiti Putra Malaysia (Research Rules 2012;

there is no plagiarism or data falsification/fabrication in the thesis, and scholarly
integrity is upheld as according to the Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia
(Research) Rules 2012. The thesis has undergone plagiarism detection software.

Name and Matric No: LAWALI ALKALI ARGUNGU, (GS29607)

viii



Declaration by Members of Supervisory Committee

This is to confirm that:

e the research conducted and the writing of this thesis was under our supervision;

e supervision responsibilities as stated in the University Putra Malaysia (Graduate
Studies) Rules 2003 (Revised 2012-2013) are adhered.

Signature: Signature:
Name of Name of
Chairman of Member of
Supervisory Supervisory
Committee: Committee:
Signature:

Name of

Member of

Supervisory

Committee:




TABLE OF CONTENTS

Page
ABSTRACT i
ABSTRAK i
ACKNOWLEDGEMENTS \
APPROVAL vii
DECLARATION X
LISTOFTABLES Xiil
LIST OF FIGURES Xiv
LIST OF ABBREVIATIONS XVi
CHAPTER
1 INTRODUCTION 1

1.1 Background of the study 1
1.2 Statement of the problem 2
1.3 Significance of the study 2
1.4  Obijectives of the study 3

2 LITERATURE REVIEW 4

2.1 Background of the study 4
2.2 Distribution of Clarias batrachus 5
2.3 Biology of Clarias batrachus 6
2.4 Ecology of Clarias batrachus 7
2.5 Feeding habit of Clarias batrachus 8
2.6 Economic importance of Clarias batrachus 9

2.7 Breeding of Clarias batrachus 9
2.8 Reproductive Endocrinology 12
2.9 Sex steroids 12
2.10 Enzyme Linked Immunosorbent Assay (ELISA) 13
2.11 Gonad development 14
2.12 Spawning and ovulation 18
2.13 Environmental Factors 19
2.14 Embryonic and larval development 20
3 METHODOLOGY 22
3.1 Experimental Site 22
3.2 Experimental fish and Management 23
3.3 Length-weight measurements 23
3.4 Monitoring of water quality variables 23
3.5 Blood collection 24
3.6 Hormone assay 24
3.7 Gonadal changes 24
3.8 Inducing agents 25



3.9 Induce breeding

3.10 Effect of ovaprim on steroid hormone levels
3.11 Embryonic and larval development study
3.12 Data analysis

RESULTS

4.1 Changes in Plasma Sex steroid hormones of Clarias batrachus
during one year Period.
4.1.1 Testosterone

4.1.2 11-ketotestosterone
4.1.3 17B-estradiol
4.1.4 Length-weight

4.2 Gonadal changes of Clarias batrachus
4.2.1 Gonadosomatic index (GSI)

4.3 Induce breeding of C. batrachus using synthetic hormone ovaprim
as inducing agent
4.4 Effect of ovaprim on plasma sex steroids hormone levels of C.
Batrachus
4.4.1 Effect on testosterone
4.4.2 Effect on 11-Ketotestosterone

4.4.3 Effect on 17 estradiol
4.5 Embryonic and Larval Development of C. batrachus

DISCUSSION

5.1 Changes in plasma sex steroid hormones during the reproductive
cycle of C. batrachus.
5.1.1 Testosterone

5.1.2 11 Ketotestosterone
5.1.3 17 estradiol
5.1.4 Length-weight parameters

5.2 Gonadal changes in C. batrachus during the experimental period.
5.2.1 Gonadosomatic index (GSI)
5.2.2 Gonadal changes in male C. batrachus
5.2.3 Gonadal changes in female C. batrachus

5.3 Induce breeding of C. batrachus using synthetic hormone ovaprim
as inducing agent

54 Impact of ovaprim on plasma sex steroid hormones of C.
batrachus

5.5 Embryonic and larval development of C. batrachus

Xi

26
28
29
28

31

30
30

30
32
34

39
39

48

52
52
53

54
55

63

63
63

64
65
66

66
66

67
67

68

70
70



6 CHAPTER VI 74

SUMMARY, GENERAL CONCLUSION AND RECOMMENDATIONS

FOR FUTURE RESEARCH 74
REFERENCES 76
APPENDICES 92
BIODATA OF STUDENT 101

LIST OF PUBLICATIONS 102

Xii



LIST OF TABLES

Table

4.1
4.2
4.3

4.4
4.5

Page
Monthly changes in length-weight of male Clarias batrachus 37
Monthly changes in length-weight parameters of female Clarias batrachus 39

Monthly frequency percentages of different stages of oocyte development during

the reproductive cycle of Clarias batrachus 50
Effectiveness of ovaprim on the induced breeding of Clarias batrachus 52
Timing, ova diameter and description of the various developmental stages of the

embryo and larva of Clarias batrachus 58

Xiii



LIST OF FIGURES

Figure Page
2.1  Map of South East Asia showing the countries that have Clarias batrachus 5
2.2  Morphology of Clarias batrachus 7
2.3 Sexual dimorphism in Clarias batrachus 10
2.4 Mechanisms that regulates reproduction in fishes 20
3.1 Map of Malaysia showing fish purchasing areas 23
3.2  Total and Standard lenght measurement of C. batrachus 24
3.3 Flow chart for histological processing of gonad tissues of C. batrachus. 26
3.4  The layout of the breeding experiment 29
3.5 Layout of the experiment on the impact of ovaprim on sex steroid levels 30
4.1  Monthly changes in the concentrations of testosterone and 11-ketotestosterone for
male C. batrachus during the study period. 33
4.2 A Scatter plot Matrix showing a positive correlation between testosterone and 11-
ketotestosterone of the male C. batrachus. 34
4.3  Monthly changes in the concentrations of testosterone and 17B-estradiol for
female Clarias batrachus 35
4.4 A Scatter plot Matrix showing a positive correlation between 17 Estradiol and
Testosterone of the Female C. batrachus. 36
4.5 A Scatter plot Matrix showing a positive correlation between body and gonad
weight of Male C. batrachus 38
4.6 A Scatter plot matrix showing a positive correlation between body and gonad
weight of female C. batrachus 40
4.7  Monthly changes in the Gonadosomatic index (GSI) of male and female C.
batrachus 41
4.8 Testes of Clarias batrachus 42
4.9  The posterior portion of the testicular histology of Clarias batrachus 44
4.10 The middle portion of the testicular histology of Clarias batrachus 44
4.11 The anterior portion of the testicular histology of Clarias batrachus 45
4.12 The anterior portion of the testicular histology of Clarias batrachus 46
4.13 Cross section of immature ovary showing chromtin nucleolar (1), late
perinucleolar (111) and cotical alveolar oocytes (1V) 48
4.14  Cross section of mature ovary showing Chromatin nucleolar (1) late perinucleolar
(1) cotical alveolar (IV) and germinal vesicle migratory oocytes (V1) 49
4.15 Cross section of ovary with virtually all stages of oocyte development stages
chromatin nucleolar(l), early perinucleolar (1), late perinucleolar (111), cotical
alveolar (1V), and germinal vesicle migration oocytes (V1I) 49
4.16 Images of larvae after the yolk-sac stage representing different treated groups 53
4.17 Influence of ovaprim on plasma testosterone levels of male Clarias batrachus 54
4.18 Influence of ovaprim on the plasma testosterone levels of female Clarias
batrachus 55
4.19 Influence of ovaprim on the plasma 11-ketotestosterone levels of the male
Clarias batrachus 56
4.20 Influence of ovaprim on the plasma 17p-estradiol levels of female C.batrachus 57

Xiv



4.21 Images of the stages of embryonic and larval development of C. batrachus 62

XV



LIST OF ABBREVIATIONS

ANOVA = Analysis of variance

BW = Body weight

E = 17B- esatradiol

ELISA = Enzyme linked immunosorbent assay
FSH = Follicle stimulating hormone

G = Group

GnRH = Gonadotropin releasing hormone
GnRHa = Gonadotropin releasing hormone analogue
GSI = Gonadosomatic index

GTH = Gonadotropin

GTH1 = Gonadotropin 1

GTH I = Gonadotropin Il

H&E = Haematoxylin and Eosin

11-KT = 11- ketotestosterone

LH = Luteinizing hormone

LHRH = Luteinizing hormone releasing hormone
LHRHa = Luteinizing hormone releasing hormone analogue
N = Number

oD = Ova diameter

Pg/ml = picograms per milliliter

SC = Spermatocyte

SD = Spermatid

SEM = Standard error of mean

SG = Spermatogonium

SZ = Spermatozoa

T = Testosterone

XVi



CHAPTERII

INTRODUCTION

1.1  Background of the study

Clarias batrachus is indigenous to Asia and better known in aquarium trade and
aquaculture than all other Asian species (Ng & Kottelat, 2008). Khan et al. (2000) noted
that the species has been distributed widely and could be found in Malaysia,
Pakistan, Thailand, Sri Lanka (Ceylon), eastern India, , Myanmar (Burma),Bangladesh,
Indonesia, Philippines and the Singapore. Its introduction in Europe and America through
commercial ornamental fisheries and fish farming was reported by Masterson(2007). The
qualities of the species such as hardiness, relative promising growth habit, excellent
nutritional profile, efficient food conversion, good market value and having better taste
and more tenderous flesh than African catfish, Clarias gariepinus have removed doubts
about its suitability for Aquaculture.

Regrettably, this economically important species is threatened and has started
disappearing in some parts of it native environment a situation that is worsening it
vulnerability to extinction (Wiecaszek & Krzykawski, 2010). Factors such as habitat loss,
over exploitation of the wild resources, Indiscriminate used of agrochemicals and
unguarded introduction of exotic species such as Clarias gariepinus are implicated for the
present plight of C. batrachus (Ahmad et al., 2012; Binoy, 2010; Goswami, 2007; Sahoo
etal., 2010).

In captivity, inadequate supply of quality seeds and near total reliance on seeds from the
wild which is unnecessarily cumbersome, unreliable and uneconomical (Sahoo., 2005)
and against the principles of resources conservation, constitute a stumbling block for the
successful culturing of C. batrachus. To encourage more cost-effective and stable
proliferation of the species many attempt were made to induce the breeding of the fish (
Hossain et al., 2006; Sahoo et al., 2008; Sahoo et al., 2007; Sahoo et al., 2005; Sharma et
al., 2010) using both natural and synthetic inducing agents. Despite the tremendous efforts
for artificial propagation of C. batrachus it is still seriously facing threat of extinction in
some parts of its original environment.



1.2 Statement of the problem

Clarias batrachus holds a lot of promise as an aquaculture candidate and one of the most
economically important native freshwater fishes in Malaysia, quite attractive, hardy and
rugged with good taste appeal, medicinally valuable and has enormous popularity among
consumers. It is worrisome to note that despite many successful attempts to induce the
breeding of this wonderful catfish (Hossain et al., 2006; Sahoo et al., 2008, 2007, 2005;
Sharma et al., 2010), the supply of the seeds of the species is still very unstable in its
native environment and constitutes a major challenge in the aquaculture industry. So far,
no adequate study has been carried out on the reproductive hormonal profile, gonadal
development and their relationship with the induced breeding of the species. This
information will create a better platform for a more redeemable breeding management and
workable understanding of the reproduction of C. batrachus in Malaysian’s ecological
environment.

1.3 Significance of the study

The study is envisaged to facilitate the optimization of reproduction conditions and fry
production in the culture of C. batrachus. The investigation will give opportunity for an
accurate prediction of the time of spawning of this commercially important fish species.
The single most important drawback of large-scale commercial production of good
number of fish species is the deficiency of quality seed of uniform size, free of diseases,
parasites, and pests at the time of stocking in the culture enclosures. These basics
requirements are hardly satisfied where the seed is obtained from the wild (Mylonas &
Zohar, 2001). The outcome of these investigations is envisaged to address this
fundamental shortcoming in respect of the culture of C. batrachus. It will permit fish
farmers or culturist to plan production program well in advance. The nurseries can be
stocked with seed of uniform age, size and quality. The study will help in arresting the
extinction of the species by bringing its production back to glory through induced
breeding in captivity. This may encourage the promotion of culture-based techniques. The
availability of the popular fish in the market will significantly bring down the price of the
commodity which will go a long way in supporting the food security program of the
Malaysian government.

The outcome of the research may provide enabling bases for sterility study on the species
through triploidy and hybridization.



1.4 Obijectives of the study

The main objective of the current study was to facilitate optimization of the
reproduction of C. batrachus through data generation that will guarantee better
control of the induced breeding program and understanding of the reproduction of the
species. This was achieved through the following specific objectives.

1. To determine plasma sex steroid hormones 17B-estradiol, testosterone and
11ketotestosterone in male and female brood stocks of Malaysian walking catfish C.
batrachus.

2. To observe gonadal changes of female and male fish during the reproductive
cycle for C. batrachus.

3. To induce breed C. batrachus using different doses of synthetic hormone,
ovaprim as inducing agent.

4. To determine the effect of ovaprim on the sex steroid hormone levels of C.
batrachus.

5. To observe and describe the embryonic and larval development of C. batrachus



REFERENCES

Adebiyi, F. A., Siraj, S. S., Harmin, S. A., & A. Christianus. (2013c). Embryonic and
Larval Development of River Catfish, Hemibagrus nemurus (Valenciennes, 1840).
Asian Journal of Animal and Veterinary Advances, 8, 237-246.

Adebiyi, F. A., Siraj, S. S., Harmin, S. A., & Christianus, A. (2011). Ovarian
development of a river catfish Hemibagrus nemurus (Valenciennes, 1840) in
captivity. Journal of Experimental Zoology Part A: Ecological Genetics and
Physiology, 315A(9), 536-543. doi:10.1002/jez.702

Adebiyi, F. A., Siraj, S. S., Harmin, S. A., & Christianus, A. (2013a). Effects of GnRHa
on Plasma Sex Steroid Hormones of River Catfish Hemibagrus nemurus
(Valenciennes 1840). Sains Malaysiana, 42(5), 635-642.

Adebiyi, F. A., Siraj, S. S., Harmin, S. A., & Christianus, A. (2013b). Plasma sex steroid
hormonal profile and gonad histology during the annual reproductive cycle of river
catfish Hemibagrus nemurus (Valenciennes, 1840) in captivity. Fish Physiology
and Biochemistry Biochem., 39(3), 547— 557.

Adebiyi, F. A, Siraj, S. S., Harmin, S. A.and Christianus, A. (2013d). Induced spawning
of a river catfish Hemibagrus nemurus (Valenciennes, 1840). Pertanika J. Trop.
Agric. Sci., 36(1), 71— 78.

Afraei Bandpei, M. A., Mashhor, M., Abdolmaleki, S. H., Najafpour, S. H., Bani, A.,
Pourgholam, R., Janbaz, A. A. (2011). . The Environmental effect on spawning
time, length at maturity and fecundity of kutum (Rutilus frisii kutum, Kamensky,
1901) in Southern Part of Caspian Sea, Iran. Iranica Journal of Energy &
Environment,, 2(4), 374-381.

Ahmad, R., Pandey, R. B., Arif, S. H., Nabi, N., Jabeen, M., & Hasnain, A. (2012).
Polymorphic B and y Lens Crystallins Demonstrate Latitudinal Distribution of
Threatened Walking Catfish Clarias batrachus (Linn.) Populations in North-
western India. J. Biol. Sci., 12, 98-104.

Amano, M., Urano, A., & Aida, K. (1997). Distribution and function of gonadotropin-
releasing hormone (GnRH) in the teleost brain. Zoological Science, 14(1), 1-11.

Areerat, S. (1987). Clarias culture in Thailand. Aguaculture, 63, 355-362.

Arockiaraj, A. J., Haniffa, M. A., Seetharaman, S., & Singh, S. P. (2003). Early
Development of a Threatened Freshwater Catfish Mystus montanus ( Jerdon ). Acta
Zoologica Taiwanica, 14(1), 23-32.

Avery, T. S., Killen, S. S., & Hollinger, T. R. (2009). The relationship of embryonic
development, mortality, hatching success, and larval quality to normal or abnormal

77



early embryonic cleavage in Atlantic cod, Gadus morhua. Aquaculture, 289(3),
265-273.

Azuadi, N. M., Siraj, S. S., Daud, S. K., Christianus, A., Harmin, S. A., Sungan, S., &
R. Britin. (2011). Enhancing ovulation of Malaysian mahseer (Tor tambroides) in
captivity by removal of dopaminergic inhibition.pdf. J. Fish. Aquatic Sci, 6, 740-
750.

Barcellos, L. G., Woehl, V. M., & Wassermann, G. F. (2001). Plasma levels of cortisol
and glucose In response to capture and tank transference in Rhamdia quelen (Quoy
&Gaimard), a South American catfish. Aquac.Res., 32, 121-123.

Barcellos, L. J. G., Wassermann, F. G., Scott, A. P., Woehl, V. M., Quev-edo, R. M.,
Istvanittzes, I.,Lulhier, F. (2001). Steroid profiles in cultured female jundia, the
Siluridae Rhamdia quelen (Quoy and Gaimard, Pisces, Teleostei)during the first
reproductive cycle. Gen. Comp. Endocrinol., 121, 325-332.

Binoy, V. . (2010). Catfish Clarias is vanishing from the waters of Kerala.pdf. In Curr.
Sci (Vol. 99, pp. 714-714.).

Borg, B. (1994). Androgens in teleost fishes. Comparative Biochemistry and Physiology
Part C: Pharmacology, Toxicology and Endocrinology, 109(3), 219245,

Boyd, C. E., & Ucker, T. C. S. (1998). Pond Aquaculture Water Quality Management.
(p. 700). Boston: Kluwer Academic Publishers.

Boyd, J. W., Oldenburg, E. W., & McMichael, G. A. (2010). Color photographic index
of fall Chinook salmon embryonic development and accumulated thermal units. In
PloS one (Vol. 5, p. e11877). doi:10.1371/journal.pone.0011877

Bromage, N. R., & Cumaranatunga, P. R. T. (1987). Oocytes development in the
rainbow trout with special reference to vitellogenesis and atresia. In Proceedings of
the 3 rd International Symposium on the Reproductive Physiology of Fish, (Eds.
D.R. Idler, L W. Crim, and J.M. Walsh). St John’s, Newfoundland, Canada, p. 194
(p. 194).

Bromage, N. R., Porter, M., & Randall, C. (2001). The environmental regulation of
maturation in farmed finfish with special reference to the role of photoperiod and
melatonin. Aquaculture, 197, 63-98.

Cardoso E.L, Alves M. S. D, F. R. and G. H. (1995). Embryogenesis of the neotropical

freshwater Siluriform Pseudoplatystomacor uscans. Aquat. Living Resources, 8,
343-345.

78



Cavaco, J. E. B., Bogerd, J., Goos, H., & Schulz, R. W. (2001). Testosterone inhibits
11-ketotestosterone-induced spermatogenesis in  African catfish (Clarias
gariepinus). Biology of Reproduction, 65(6), 1807-1812.

Cek, S., & Yilmaz, E. (2007). Gonad development and sex ratio of sharptooth catfish
(Clarias gariepinus Burchell, 1822) cultured under laboratory conditions. Turkish
Journal of Zoology, 31.

Chaube, S. K., & Haider, S. (1997). Evidence for the stimulation of cyclic AMP
phosphodiesterase in catfish (Clarias batrachus) oocytes by 17, 20-dihydroxy-4-
pregnen-3-one. J. Exp. Zool., 277, 166-170.

Chaves-Pozo, E., Arjona, F. J., Garcia-Lopez, A., Garcia-Alcazar, A., Meseguer, J., &
Garcia-Ayala, A. (2008). Sex steroids and metabolic parameter levels in a seasonal
breeding fish ( Sparus aurata L.). General and Comparative Endocrinology.,
156(3), 531-536.

Cheah, S. H., Siraj, S. S., & Ang, K. J. (1990). A preliminary study on induced
spawning of the catfish Clarias batrachus (Linnaeus) in Malaysia. Pertanika,
13(1), 63-66.

Christianus, A., & M. M. Hatta. (2010). Breeding and Culture of Patin Buah, Pangasius
nasutus. In: Breeding for Sustainable Aquaculture. In S. S. and S. A. H. Siraj (Ed.),
Malaysian Fisheries Society (pp. 63—70). Kuala Lumpur, Malaysia.

Cleary, J., Pankhurst, N., & Battaglene, S. (2000). The effect of capture and handling
stress on plasma steroid levels and gonadal condition in wild and farmed snapper
Pagrus auratus (Sparidae). Journal of the World Aquaculture Society, 31, 558—
569.

Consten, D., Lambert, J. G., Komen, H., & H. J. Goos. (2002). Corticosteroids affect the
testicular androgen production in male common carp (Cyprinus carpioL.). Biol.
Reprod, 66, 106-111.

Cornish, D. A. (1998). Seasonal steroid hormone profiles in plasma and gonads of the
tilapia, Oreochromis mossambicus. WATER SA-PRETORIA, 24, 257-264.

Courtenay, W. R. J., Sahlman, H. F., Il, W. W. M., & Herrema, D. J. (1974). Exotic fish
in fresh and brackish waters of Florida. Biological Conservation, 6(4), 292-302.

Coward, K., & Bromage, N. R. (1998). Histological classification of oocyte growth and
the dynamics of ovarian recrudescence in Tilapia zillii. Journal of Fish Biology,
53(2), 285-302.

Coward, K., & Bromage, N. R. (2000). Reproductive physiology of female tilapia
broodstock. Reviews in Fish Biology and Fisheries, 10(1), 1-25.

79



D. E. Kime. (1993). Classical and non-clssical reproductive steroids in fish. Reviews in
Fish Biology and Fisheries, 3, 160-180.

Das, P., Pradhan, D., & Maiti, B. R. (2011). Circadian rhythms of gonadal and extra-
gonadal hormonal and glycemic profiles during the breeding phase of the ovarian
cycle of Indian estuarine grey mullets, Mugil cephalus L. Biological Rhythm
Research, (December 2011), 1-18. doi:10.1080/09291016.2011.632609

Das, S. K. (2002). Seed production of Magur (Clarias batrachus) using a rural model
portable hatchery in Assam, India — A farmer proven technology. Aquaculture
Asia, VII(2), 19-20.

Das, T., Pal, A. K., Chakraborty, S. K., Manush, S. M., Dalvi, R. S., Sarma, K., &
Mukherjee, S. C. (2006). Thermal dependence of embryonic development and
hatching rate in Labeo rohita (Hamilton, 1822). Aquaculture, 255(1), 536-541.

Davis, E. S., & Marler, C. A. (2003). the progesterone challenge: steroid hormone
changes following a simulated territorial intrusion in female Peromyscus
californicus. Hormones and Behavior, 44,, 185-198.

De Amorim, M. P., Gomes, B. V. C., Martins, Y. S., Sato, Y., Rizzo, E., & Bazzoli, N.
(2009). Early development of the silver catfish Rhamdia quelen (Quoy & Gaimard,
1824)(Pisces: Heptapteridae) from the S&o Francisco River Basin, Brazil.
Aquaculture Research, 40(2), 172-180.

Debnath, S. (2011). Clarias batrachus, the medicinal fish: An excellent candidate for
aquaculture and employment generation. In Proceedings of International
Conference on Asia Agriculture and Animal. July 2-3. Hong Kong.

Dhara, K., & Saha, N. C. (2013). Controlled Breeding of Asian Catfish Clarias
batrachus using Pituitary Gland Extracts and Ovaprim at different Temperatures,
Latency Periods and their Early Development. Journal of Aquaculture Research
and Development, 4(4).

Fostier, A., Jalabert, B., Billard, R., Breton, B., & Zohar, Y. (1983). The gonadal
steroids. Fish Physiology, 9, 277-372.

Fostier, A., Le Gac, F., & Loir, M. (1987). Steroids in male reproduction. In 239-245
(Ed.), Proceedings of the Third International Symposium on Reproductive
Physiology of Fish (pp. 239-245). Memorial University, St John’s, Canada,.

Garg, R. K., Sairkar, P., Silawat, N., Vijay, N., Batav, N., & N. N. Mehrotra. (2010).

Assessment of genetic diversity of Clarias batrachus using RAPD markers in three
water bodies of Bhopal. J. Environ. Biol., 31, 749-753.

80



Glasser F, Cauty C, Mourot B, B. B. (2003). ) Disruptedsexual cycles in female grass
carp (Ctenopharyngodonidella) raised in tropical conditions. Aquaculture, 220,
857-868.

Godwin, J., Luckenbach, J. A., & Borski, R. J. (2003). Ecology meets endocrinology:
Environmental sex determination in fishes. Evol. Dev, 5, 40-49.

Goswami, B. (2007). Magur (Clarias batrachus) seed production using low hatcheries.
Aquacult. Asia Mag, 12, 14-16.

Gould, S. J. (1977). Ontogeny and phylogeny (p. 501). Cambridge, Mass: Harvard
University Press.

Hall, B. K. (1992). Archetypes and homology. the establishment of evolutionary
developmental biology.

Harmin, S. A., Crim, L. W. (1992). Gonadotropic hormone-releasing hormone analog
(GnRH-A) in- duced ovulation and spawning in female winter flounder,
Pseudopleuronectes americunus (Wal- baum). Aquaculture, 104, 375-390.

Harmin, S.a. & Crim, L. W. (1993). . Influence of gonadotropin releasing hormone
analogue on plasma sex steroid profiles and milt production in male winter
flounder, Pseudopleuronectes americanus (Walbaum). Fish Physiology and
Biochemistry, 10, 399-407.

Harvey, B. J., & Hoar, W. S. (1979). The theory and practice of induced breeding in
fish. International Development Research Center.

Heidari, B., Roozati, S. A., & Yavari, L. (2010). Changes in plasma levels ofsteroid
hormones during oocyte development of Caspian Kutum (Rutilus frisii kutum
Kamensky, 1901). Anim. Reprod., 7, 373-381.

Hensley, D. A., & W. R. Courtenay, J. (1980). Clarias batrachus (Linnaeus) Walking
Catfish. (J. Lee D.S., Gilbert C.R., Hocutt C.H., Jenkins R.E., McAllister D.E.,
And J.R. Stauffer, Ed.) (p. 475). North Carolina: North Carolina Biological Survey
Publication #1980-12.

Honji, R. M., Tolussi, C. E., Mello, P. H., Caneppele, D., & Moreira, R. G. (2012).
Embryonic development and larval stages of Steindachneridion parahybae
(Siluriformes: Pimelodidae)-implications for the conservation and rearing of this
endangered Neotropical species. Neotropical Ichthyology, 10(2), 313-327.

Hossain, Q., Hossain, M. A., & Parween, S. (2006). Artificial breeding and nursery
practices of Clarias batrachus (Linnaeus, 1758). Sci. World, 4, 32-37.

81



Intan, K.Z. A. Christianus, S. M. N. A. and M. M. H. (2013). Breeding and Embryonic
Development of Hampala macrolepidota (Van Hasselt and Kuhl, 1823). Asian
Journal of Animal and Veterinary Advances, 8, 341-347.

Ismail, M. F. S, Siraj, S. S., Daud, S. K., & Harmin, S. A. (2011). Association of annual
hormonal profile with gonad maturity of mahseer ( Tor tambroides) in captivity.
General and Comparative Endocrinology, 170(1), 125-130.

Jhingran, V. G. (1982). Fish and Fisheries of India. 2nd Edn (p. 377.). Delhi, India:
Hindustan Publishing Corporation.

Joy, K. P., Senthikumaran, B., & Sudhakumari, C. C. (1998). Periovulatory changes in
hypothalamic and pituitary monoamines following GnRH analogue treatment in the
catfish Heteropneustes fossilis: a study correlating changes in plasma hormone
profiles. Journal of Endocrinology, 156, 365-372.

Kagawa, H., Young, G., & . Y. N. (1982). Estradiol-17!3 and production in isolated
amago salmon (Oncorhynchus rhodurus) ovarian follicles and stimulation by
gonadotropin. Gen. Compo Endocrinol, 47, 361-365.

Kagawa, H., Young, G., & Nagahama., Y. (1983). Changes in plasma steroid hormone
levels during gonadal maturation in female goldfish Carassius auratus. Bull. Jpn.
Soc. Sci. Fish., 49, 1783-1787.

Karami, A., Christianus, A., Ishak, Z., Syed, M. A., & Courtenay, S. C. (2011). The
effects of intramuscular and intraperitoneal injections of benzo [ a] pyrene on
selected biomarkers in Clarias gariepinus. Ecotoxicology and Environmental
Safety,, 74(6), 1558-1566.

Kawauchi, H., Suzuki, H. 1., Swanson, P., Naito, N., Nagahama, Y., Nozaki, M., Itoh, S.
(1989). The duality of teleost gonads. Fish Physiology and Biochemistry, 7, 29-38.

Khan, M. M. R., & Mollah, M. F. A. (1998). Embryonic and larval development of
African catfish, Clarias gariepinus (Burchell). Bangladesh Journal of Fisheries,
21, 91-97.

Khan, M. M. R., Mollah, M. F. A., & Ahmed, G. U. (2000). Mass production of hybrid
magur and its culture potential in Bangladesh. . Aquacult. Res., 31, 467-472.

Kharbuli, Z. Y., Datta, S., Biswas, K., Sarma, D., & Saha, N. (2006). Expression of
Ornithine-urea cycle enzymes in early life stages of air-breathing walking catfish,
Clarias batrachus and induction of ureogenesis under hyper-ammonia stress.
Comp. Biochem. Physiol. B Biochem. Mol. Biol., 143, 44-53.

Kim, B. H., & Takemura, A. (2003). Culture conditions affect induction of vitellogenin
synthesis by estradiol-17 beta in primary cultures of tilapia hepatocytes.

82



Comparative Biochemistry and Physiology B-Biochemistry & Molecular Biology,
135, 231-2309.

Kimmel, C. B., Ballard, W. W., Kimmel, S. R., Ullmann, B. & Schilling, T. (1995).
Stages of embryonic development of the zebrafish. Developmental Dynamic, 203,
253-310.

KINGDOM, T., & ALLISON, M. (2011). The Fecundity, Gonadosomatic and
Hepatosomatic Indicies of Pellonula leonensis in the Lower Nun River, Niger
Delta, Nigeria. Current Research Journal of Biological Sciences, 3(2), 175 179.

Kipper, D., Leika Taguti, T., Bialetzki, A., Cavicchioli Makrakis, M., Baumgartner, G.,
& Vanderlei Sanches, P. (2013). Early ontogeny of Clarias gariepinus
(Siluriformes, Clariidae) and aspects of its invasion potential in natural freshwater
environments. Acta Scientiarum: Biological Sciences, 35(3).

Knud-hansena, C. F., Battersona, T. R., & Mcnabb, C. D. (1990). Hatchery techniques
for egg and fry production of Clarias batrachus ( Linnaeus ). Aquaculture, 89, 9—
19.

Kobayashi, M., Aida, K., & Hanyu, I. (1986). Gonadotropin surge during spawning in
male goldfish. General and Comparative Endocrinology, 62(1), 70-79.

Komatsu, T., Nakamura, S., & Nakamura, M. (2006). A sex cord-like structure and
some remarkable features in early gonadal sex differentiation in the marine teleost
Siganus guttatus (Bloch). J. Fish Biol., 68, 236-250.

Koumoundouros, G., Divanach, P., & Kentouri, M. (2001). The effect of rearing
conditions on development of saddleback syndrome and caudal fin deformities in
Dentex dentex (L.). Aquaculture, 200(3), 285-304.

Kumakura, N., Sakai, K., & Takashima, F. (2003). Reproductive cycleand hCG induced
ovulation in hatchery reared Japanese catfish Silurus asotus. . Fish Sci, 69, 495—
504.

Lamba, V. J., Goswami, S. V., & Sundararaj, B. I. (1983). Circannualand circadian
variations in plasma levels of steroids (cortisol, estradiol-17p, estrone and
testosterone) correlated with annual gonadal cycle in the Catfish, Heteropneustus
fossilis (Bloch). Gen. Comp. Endocrinol., 50, 205-225.

Lee, W. K., & Yang, S. W. (2002). Relationship between ovarian development and
serum levels of gonadal steroid hormones, and induction of oocyte maturation and
ovulation in the cultured female Korean spotted sea bass Lateolabrax maculatus
(Jeom-nong-eo). Aquaculture, 207, 169-183.

83



Legendre, M. (1986). Seasonal changes in sexual maturity and fecundity, and HCG-
induced breeding of the catfish, Heterobranchus longifilis Val. (Clariidae), reared
in Ebrié lagoon (Ivory Coast). Aquaculture, 55, 201-213.

Legendre, M., & Oteme, Z. (1995). Effect of varying latency period on the quantity and
quality of ova after hCGinduced ovulation in the African catfish, Heterobranchus
longifilis (Teleostei, Clariidae). Aquatic Living Resources, 8, 309-316.

Legendre, M., Slembrouck, J., Subagja, J., Kristanto, A. H. (2000). Ovulation rate,
latencyperiod and ova viability after GnRH- or hCG-induced breeding in the Asian
catfish Pangasius hypophthalmus (Siluriformes, Pangasiidae). Aquat. Living
Resour, 13, 145-151.

Lin, H. R., & Peter, R. (1996). Hormones and spawning in fish. Asian Fisheries Science,
9, 21-33.

Lintelmann, J., Katayama, A., Kurihara, N., Shore, L., & Wenzel, A. (2003).
Commission On Water And Soil * ( ITUPAC Technical Report ) Endocrine
disruptors in the environment ( IUPAC Technical Report ), 75(5), 631-681.

Mahapatra, B. K. (2004). Conservation of the Asiatic catfish, Clarias batrachus through
artificial propagation and larval rearing technique in India. Aquaculture, 9, 8-9.

Makrakis, M. C., Nakatani, K., Bialetzki, A., Sanches, P. V., Baumgartner, G., &
Gomes, L. C. (2005). Ontogenetic shifts in digestive tract morphology and fish
larvae of the Itaipu Reservoir, Brazil. Environ Biol Fishes, 72, 99-107.

Marfanés, E., Duncan, N., & Mylonas, C. C. (2008). Reproduction and control of
ovulation, spermiation and spawning in cultured fish Methods in Reproductive
Aquaculture: Marine and Freshwater Species. (pp. 3-80). Boca Raton: CRC Press,
Taylor and Francis Group,.

Mandick, A., Massari, A., Bottero, S., Pizzicori, P., Goos, H., & G. Marino. (2004).
Plasma sex steroid and vitellogenin profiles during gonad development in wild
Mediterranean amberjack (Seriola dumerilii). Mar. Biol., 144, 127-138.

Manosroi, J., Petchjul, K., & Manosroi, A. (2003). Effects of 17a-methyltestosterone on
sex reversal and gonadal development of the hybrid, red tilapia (Orechromis
niloticus Linn. & Oreochromis mossambicus Linn.). Journal of Aquaculture in the
Tropics, 18(2), 161-170.

Marimuthu K, H. M. (2007). Embryonic and Development of the Striped Snakehead
Channa striatus. Taiwania, 52(1), 84-92.

Marino, G., Mandich, A., Massari, A., Andaloro, F., Porrello, S., Finoia, M. G., &
Cevasco, F. (1995). Aspects of reproductive biology of the Mediterranean

84



amberjack (Seriola dumeriliRisso) during the spawning period. J. Appl. Ichthyol.,
11, 9-24.

Masterson, J. (2007). Clarias batrachus. Smithsonian Marine Station of Fort Pierce.
http://www.sms.si.edu/irlspec/clarias_batrachus.htm.Retreived 30/11/2013.

Meijide, F. J., & Guerrero, G. A. (2000). Embryonic and larval development of a
substrate-brooding cichlid Cichlasoma dimerus (Heckel, 1840) under laboratory
conditions. Journal of Zoology, 252(4), 481-493.

Melamed, P., Gur, G., Rosenfeld, H., Elizur, A., Schulz, R. W., & Yaron, Z. (2000).
Reproductive development of male and female tilapia hybrids (Oreochromis
niloticus x O. aureus) and changes in mMRNA levels of gonadotropin (GtH) Ibeta
and Ilbeta subunits. J. Exp. Zool., 286, 64-75.

Miah, M. I., Harun, M. S., Rahman, M. M., Haque, M. R., & Hossain, M. A. (2009).
Study on the embryonic and larval development of an endangered species of bata
(Labeo bata). International Journal of Sustainable Crop Production, 4(1), 72-82.

Mollah, M.F.A., K. Taslima, H. Rashid, Z. Hossain, M. N. S. and M. R. K. K. (2011). .
Embryonic and larval development of critically endangered riverine catfish Rita
rita. EurAsia J. Biosci., 5, 110-118.

Myers, P., Espinosa, R., Parr, C. S., Jones, T., Hammond, G. S., & Dewey., T. A.
(2013). The  Animal Diversity ~ Web  (online). Accessed at
http://animaldiversity.org.Retreived on 01/12/2013.

Mylonas, C. C., & Zohar, Y. (2001). Use of GnRHa-delivery systems for the control of
reproduction in fish.Reviews in Fish Biol-ogy and Fisheries. Reviews in Fish Biol-
Ogy and Fisheries, 10, 463-491.

Nagahama, Y., Yoshikuni, M., Yamashita, M., Tokumoto, T., & Katsu, Y. (1995).
Regulation of oocyte growth and maturation in fish. Curr. Top. Dev. Biol.,, 30,
103-145.

Na-Nakorn, U. (2004). A perspective on breeding and genetics of walking catfish in
Thailand. Aquacult. Asia, 9, 10-12.

Nandikeswari, R., & Anandan, V. (2013). Analysis on Gonadosomatic Index and
Fecundity of Terapon puta from Nallavadu Coast Pondicherry. International
Journal of Scientific and Research Publications, 3(2),
http://www.ijsrp.org/research—paper—0213/ijsrp—pl4.

85



Ng, H. H., & Kottelat, M. (2008). The identity of Clarias batrachus (Linnaeus, 1758),
with the designation of a neotype (Teleostei: Clariidae). Zool. J. Linn. Soc., 153,
725-732.

Nwokoye, C.O., Nwuba, L.A., & Eyo, J. E. (2007). Induced propagation of African
clariid catfish, Heterobranchus bidorsalis (Geoffrey Saint Hillarie, 1809) using
synthetic and homoplastic hormones. African Journal of Biotechnology, 6(23),
2687-2693.

Okuzawa, K. (2002). Puberty in teleosts. Fish Physiology and Biochemistry, 26(1), 31—
41.

Osman AGM, Wiertz S, Mekkawy IA, Verreth J, K. F. (2008). Early development of the
African catfish Clarias gariepinus focusing on the ontogeny of selected organs.
Journal of Applied Ichthyology, 24, 187-195.

Page, L. M., & Burr, B. M. (1991). A Field Guide to Freshwater Fishes of North
America North of Mexico (p. 432). Boston: Houghton Miffling Co.

Pan, J. H., & Zheng, W. B. (1987). Observations on the embryonic and larval
development of Clarias lazera. Journal of South China Normal University Natural
Science, 1, 19-27.

Patimar, R. (2008). Some biological aspects of the Sharpnose Mullet Liza saliens
(Risso, 1810) in Gorgan Bay-Miankaleh Wildlife Refuge (the southeast Caspian
Sea). Turkish Journal of Fisheries and Aquatic Science, 8, 225-232.

Pellegrini, E., Menuet, A., Lethimonier, C., Adrio, F., Guegen, M., Tascon, C., Kah, O.
(2005). Relationshipbetween aromatase and estrogen receptors in the brain of
teleost fish. Gen. Comp. Endocrinol., 142, 60-66.

Pereira, C. R., Barcellos, L. J. G., Kreutz, L. C., Quevedo, R. M., Ritter, F., & Silva, L.
B. (2006). Embryonic and larval development of jundia (Rhamdia quelen, Quoy
and Gaimard, 1824, Pisces, Teleostei), a South American catfish. Braz. J. Biol., 66,
1057-1063.

Prat, F., Zanuy, S., & Carrillo, M. (2001). effects of gonadotropin releasing hormone
analogue and pimozide on plasma levels of sex steroids and ovarian development
in sea bass (Dicentrarchus labrax, L.). Aquaculture, 198, 325-338.

Prem Prakash, S. (2012). Breeding and Larval Rearing of Asian Catfish, Clarias

batrachus (Linnaeus, 1758) on Live and Artificial Feed. Journal of Aquaculture
Research & Development.

86



Puvaneswari, S., Marimuthu, K., Karuppasamy, R., & Haniffa, M. A. (2009). Early
embryonic and larval development of Indian catfish, Heteropneustes fossilis.
EurAsian Journal of BioSciences, 96(3), 84-96. doi:10.5053/ejobios.2009.3.0.12

Rahman, M. A., Bhadra, A., Begum, N., Islam, M. S., & Hussain, M. G. (1995).
Production of hybrid vigor through cross breeding between Clarias batrachus Lin.
and Clarias gariepinus Bur. Aquaculture, 138, 125-130.

Rahman, M. L., & Mollah, M. F. A. (2013). Determination of breeding season of
endangered riverine catfish rita (Rita rita Hamilton, 1822) by studying ovarian
development and Gonado-Somatic-Index. J. Bangladesh Agril. Univ., 11(2), 341-
348.

Rahman, M. M., Miah, M. I., Taher, M. A. H., & Hasan, M. M. (2009). Embryonic and
larval development of guchibaim, Mastacembelus pancalus (Hamilton). Journal of
the Bangladesh Agricultural University, 7(1), 193-204.

Rahman, M. R., Rahman, M. A., Khan, M. N., & Hussain, M. G. (2004). Observation on
the embryonic and larval development of Silurid catfish, Gulsha (Mystus cavasius).
Pakistan Journal of Biological Science, 7(6), 1070-1075.

Rao, G. R. M., Singh, S. K., & Sahu, A. K. (1995). Fry and fingerling production of
Clarias batrachus (Linnaeus). Asian J. Zool. Sci., 4, 7-10.

Rheman, S., Islam, M. L., Shah, M. M. R., Mondol, S., & Alam, M. J. (2002).
Observation on the Fecundity and gonadosomatic index (GSI) of grey mullet Liza
parsia(Ham.). Online J. Biol. Sci., 2(10), 690-693.

Richter, C. j. j., Eding, e. H., Goos, H. j. T., de Leeuw, R., Scott, A. P., & Van Oordt, P.
G. W. j. (1987). The effect of pimozide/LHRHa and 17a-hydroxyprogesterone on
plasma steroid levels and ovulation in the african catfish Clarias gariepinus.
Aquaculture, 63, 157-168.

Rinchard, J., Kestemont, P., Kuhn, E. R., & Foster, A. (1993). Seasonal changes in
plasma levels of steroid hormones in an asynchronous fish the gudgeon Gobio
gobioL; (Teleosti, Cyprinidae). Gen. Comp. Endocrinology, 92, 168-178.

Rohr, D. H., Lokman, P. M., S., D. P.,, & Young, G. (2001). 11-Ketotestosterone
induces silvering-related changes in immature female short-finned eels, Anguilla
australis. Comp Biochem Physiol A Mol Integr Physiol., 130, 701-714.

Rolland, A., Lareyre, J. J., Goupil, A. S., Montfort, J., Ricordel, M. J., Esquerré, D., & |
Gac, F. (2009). Expression profiling of rainbow trout testis development identifies
evolutionary conserved genes involved in spermatogenesis. BMC Genomics, 10(1),
546.

87



Rottmann, R. W., Shireman, J. V., & Chapman, F. A. (1991). Determining sexual
maturity of brood stock for induced spawning of fish. SRAC Publication, 423, 1-4.

Rubin, D. A., & Specker, J. L. (1992). In vitro effects of homologous prolactins on
testosterone production by testes of tilapia (Oreochromis mossambicus). Gen.
Comp. Endocrinol., 87, 189-196.

Sahoo, S. ., Giri, S. S., Chandra, S., & Sahu, A. K. (2010). Management in seed rearing
ofAsian catfish, Clarias batrachus, in hatchery conditions. Aquacult. Asia, 16, 23—
25.

Sahoo, S. K., Giri, S. S., & Chandra, S. (2008). Effects of latency periods and injection
doses with carp pituitary extract on spawning performance and egg quality of Asian
Catfish, Clarias batrachus (Linn.). Journal of Applied Aquaculture, 20, 295-303.

Sahoo, S. K., Giri, S. S., Chandra, S., & Mohapatra, B. C. (2008). Evaluation of
Breeding Performance of Asian Catfish Clarias batrachus at Different dose of
HCG and Latency Period Combinations. Journal of Applied Aquaculture, 251,
249-251.

Sahoo, S. K., Giri, S. S., Chandra, S., & Sahu, a. K. (2007). Spawning performance and
egg quality of Asian catfish Clarias batrachus (Linn.) at various doses of human
chorionic gonadotropin (HCG) injection and latency periods during spawning
induction. Aquaculture, 266(1-4), 289-292. doi:10.1016/j.aquaculture.2007.02.006

Sahoo, S. K., Giri, S. S., Chandra, S., & Sahu, A. K. (2009). Observation on larval
deformity during induced spawning of walking catfish, Clarias batrachus
(Actinopterygii: Siluriformes: Clariidae), at different combinations of human
chorionic gonadotropin dose and latency period. Acta Ichthyologica et Piscatoria,
39(1), 43-45.

Sahoo, S. K., Giri, S. S., & Sahu, A. K. (2005). Effect of breeding performance and egg
quality of Clarias batrachus (Linn.) at various doses of Ovatide during spawning
induction. Asian Fisheries Science, 18, 77-83.

Sahoo, S. K., Giri, S. S., Sahu, A. K., & S. Ayyappan. (2003). Experimental
hybridization between Clarias batrachus (Linn.) x Clarias gariepinus (Bur.) and
performance of the offspring in rearing operations. Asian Fish. Sci, 16, 157-166.

Sakai, N., Iwamatsu, T., Yamauchi, K., Suzuki, N., & Nagahama, Y. (1988). Influence
of follicular development on steroid production in the medaka (Oryzias latipes)
ovarian follicle in response to exogenous substrates. Gen. Comp. Endocrinol., 71,
516-523.

88



Sarma. D, Das. J, D. A. and G. U. C. (2012). Early embryonic and larval development of
Ompok pabo with notes on its nursery rearing. European Journal of Experimental
Biology, 2(1), 253-260.

Scheng. (2010). Fact about  walking catfish, Clarias batrachus.
ttp://nas.er.usgs.gov/queries/FactSheet.aspx?species|D=486.

Schulz, R. W., de Franca, L. R., Lareyre, J. J., LeGac, F., Chiarini-Garcia, H., Nobrega,
R. H.,, & Miura, T. (2010). Spermatogenesis in fish. General and Comparative
Endocrinology, 165(3), 390-411.

Selman, K., & Wallace, A. R. (1989). Cellular aspects of oocyte growth in teleosts.
Zool. Sci., 6, 211-231.

Sen, T. K. (1985). The Fish Fauna of Assam and the Neighbouring North-Eastern States
of India. Zoological Survey of India, 64, 216.

Sharma, K., Yadava, N. K., & M. Jindal. (2010). Effect of different doses of ovatide on
the breeding performance of Clarias batrachus (Linn.). Livest. Res. Rural Dev., 22.

Shimizu, A., Aida, K., & Hanyu, I. (1985). Endocrine profiles during the short
reproductive cycle of an autumn-spawning bitterling,Acheilognathus rhombea.
Gen. Comp. Endocrinol., 55, 174-181.

Shinkafi, B. A., & Ipinjolu, J. K. (2012). Gonadosomatic index, fecundity and egg size
of Auchenoglanis occidentalis (Cuvier and Valenciennes) in Rima River, North—
western Nigeria. Nigerian Journal of Basic and Applied Science, 20(3), 217-224.

Singh, B. N., & Hughes, G. . M. (1971). Respiration of an air-breathing catfish Clarias
batrachus (Linn.). J. Exp. Biol., 55, 421434,

Singh, S., & Singh, T. P. (1987). Seasonal profiles of sex steroids inblood plasma and
ovarian tissues of Clarias batrachus. Gen. Comp. Endocrinol ., 65, 216-224.

Sitasit, P. (1981). . Local method for breeding and nursing of Clarias batrachus fry. Thai
Fish. Gazette, 34, 327-336.

Soverchia, L., Carotti, M., Andreu-Vieyra, C., Mosconi, G., Cannella, N., Habibi, H., &
Polzonetti-Magni, A. M. (2007). Role of gonadotropin-releasing hormone (GnRH)
in the regulation of gonadal differentiation in the gilthead seabream (Sparus
aurata). Molecular Reproduction and Development, 74(1), 57-67.

Srivastava, P. P., Raizada, S., Dayal, R., Chowdhary, S., & Lakra, W. S. (2012).

Breeding and Larval Rearing of Asian Catfish, Clarias batrachus(Linnaeus, 1758)
on Live and Artificial Feed. J. Aquaculture Research & Development, 3(4).

89



Sule, O. D. (2004). Embryonic Development In Clarias gariepinus (Buchell, 1822)
Under Laboratory Conditions. Animal Research International, 1(2), 81-85.

Taghizadeh, V., Imanpoor, M. R., Mehdinejad, N., & Resources, N. (2013). Correlation
between Serum Steroid Hormones and Some Biological Parameters of Gonad of
Common Carp ( Cyprinus carpio) in Caspian Sea, Iran. Global Veterinaria, 10(1),
55-59. doi:10.5829/idosi.gv.2013.10.1.71127

Talwar, P. K., & Jhingran, A. G. (1991). Inland Fishes of India and Adjacent Countries.
New Delhi, India: Oxford and IBH Publishing Co. Pvt. Ltd.

Tan-Fermin, J. D., ljiri, S., Ueda, H., Adachi, S., & Yamauchi, K. (1997). Ovarian
development and serum steroid hormone profilesin hatchery-bred female catfish
Clarias macrocephalus Gunther during an annual reproductive cycle. Fish Sci., 63,
867-872.

Tan-Fermin, J. D., Miura, T., Ueda, H., Adachi, S., & Yamauchi, K. (1997). Testicular
Histology and Serum Steroid Hormone Profiles in Hatchery-bred Catfish Clarias
macrocephalus (Gunther) during an Annual Reproductive Cycle. Fisheries Science,
63(5), 681-686.

Thakur, N. K. (1980). Notes on the embryonic and larval development of an air
breathing catfish Clarias batrachus(Linn.). Journal of the Inland Fisheries Society
of India, 12, 30-43.

Tham, L.G., N. Perumal, M.A. Syed, N. A. S. and M. Y. S. (2009). Assessment of
Clarias batrachus as a source of acetylcholinesterase (AChE) for the detection of
insecticides. J. Environ. Biol., 30, 135-138.

Tyler, C. cha., Sumpter, R., Kawauchi, J. P., & H. Swanson, P. (1991). Involvement of
gonadotropin in the uptake of vitellogenin into vitellogenic oocytes. Gen. Comp.
Endocrinol., 84, 291-299.

Unal, G., Tiirkoglu, V., Oguz, A. R., & Kaptaner, B. (2007). Gonadal histology and
some biochemical characteristics of Chalcalburnus tarichi (Pallas, 1811) having
abnormal gonads. Fish Physiol.Biochem., 33, 153-165.

Van der Molen, S., & Matallanas, J. (2004). Reproductive biology of female Antarctic
spiny plunder fish Harpagifer spinosus (Notothenioidei: Harpagiferidae), from iles
crozet. Antarct. Sci., 16, 99-106.

Verma, S. K., Gupta, D. K., & M. P. Singa. (2012). Comparative study of the impact of
three different types of food on biochemical profile of an air breathing catfish,
Clarias batrachus (Linn.). In Proceedings of International Conference on
Anthropogenic Impact on Environment & Conservation Strategy (ICAIES-2012),
November 02-04, 2012, Ranchi. India.

90



Verreth, J. A., Torreele, E., Spazier, E., Sluiszen, A., Rombout, J. H., Booms, R., &
Segner, H. (1992). The development of a functional digestive system in the African
catfish Clarias gariepinus (Burchell). Journal of the World Aquaculture Society,
23(4), 286-298.

W. Vishwanath. (2010). Clarias magur. In: JUCN 2012. IUCN Red List of Threatened
Species. Version 2012.1 <www.iucnredlist.org>. Retreived on 08/7/2012.

Weltzien, F. A., Taranger, G. L., Karlsen, O., & Norberg, B. (2002). Spermatogenesis
and related plasma androgen levels in Atlantic halibut (Hippoglossus hippoglossus
L.). Comp Biochem Physiol A Mol Integr Physiol ., 132, 567-575.

Wiecaszek, B., & Krzykawski, S. (2010). Morphometric characteristics of Asian
walking catfish Clarias batrachus (L., 1758) (Actinopterygii: Clariidae) from the
laboratory culture. Electron. J. Polish Agric. Univ., 13.

Yamaguchi, M., Tonou-Fujimori, N., Komori, A., Maeda, R., Nojima, Y., Li, H., ...
Masai, 1. (2005). Histone deacetylase 1 regulates retinal neurogenesis in zebrafish
by suppressing Wnt and Notch signaling pathways. Development, 132, 3027-3043.

Zhuo, Q., Zhang, Y., Huang, W., Liu, X., Li, Y., Zhu, P., ... Lin, H. (2011).
Gonadotropin releasing hormone analogue multiple injection potentially
accelerated testicular maturation of male vyellow catfish (Pelteobagrus
fluvidracoRichardson) in captivity. Aquaculture Research, 42, 1-14.

Zohar, Y., Mufioz-Cueto, J. A., Elizur, A., & Kah, O. (2010). Neuroendocrinology of

reproduction in teleost fish. General and Comparative Endocrinology, 165(3),
438-455.

91





