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Mahisefid is one of the most important and economical fishes in the southern area of
the Caspian Sea. The distribution of Mahisefids is from Kura in Azerbaijan to
Turkmenistan Republic. Mahisefids migrate to rivers for spawning. The present study
aimed to determine morphometric characters, population structure and genetic diversity
of Mahisefids. Mahisefid populations were studied from Lamir Rivers and Sefid Rud
Rivers in the Guilan Province, as well as Shir Rud Rivers and Tajan Rivers in the
Mazandaran Province. A total 387 Mahisefid samples (male and female) were collected
in Spring 2005 from four different rivers, where they migrate for their annual
migrations. Fourteen conventional morphometrics, 13 ratios morphometric, twelve
Truss morphometrics and the ratios to fork length were selected for this study.
Conventional and Truss morphometric data of R. frisii kutum from these four rivers

were analyzed using two-way ANOVA, discriminant and Principal Component
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Analysis (PCA). The results showed that all morphometric characters in males and
females were significantly different (P<0.05) among the four rivers. Based on
conventional morphometric characters there, was no clustering of Mabhisefid
populations from the fourrivers for both male and female populations,; i.e. However, on
the basis of Truss morphometric characters, the pattern of clustering was slightly
different in which there was no clustering for male but there was two clusters for
female populations. Population of Sefid RudRiver, Shir Rud River and Tajan River

populations in one cluster while Lamir river population in another cluster.

For RFLP, 294 samples were used and the PCR products were digested by 20
restriction enzymes, namely Tasl, Haelll, Hinfl, Hincll, Sall, Dral, Accl, Avall, Xhal,
BshNI, Aval, Bcll, BshIl, Mspl, Pstl, Rsal, Sdnl, Tagl, Trul, and Vspl. The four
restriction enzymes namely Tasl, Haelll, Hinfl, Hincll showed polymorphism, six
enzymes did not have any restriction, and 14 enzymes showed monomorphic bands. A
total 20 of haplotypes were observed, in which AAAA and BAAA had the highest
frequency. The average haplotype frequency of AAAA was 29.93% and the average
haplotype frequency of BAAA was 27.55%. Haplotype BDAB was unique for the
Sefid Rud River populations, haplotypes ADAA and ABAC were unique for the Lamir
River population, haplotype BAAB was unique for the Shir Rud River population while
haplotype of BAAC was unique for the Tajan River population. Based on RFLP
marker, the four populations of Mahisefid were divided into two main clusters, i.e. Shir
Rud River and Lamir River populations in one cluster while Tajan River and Sefid Rud
River in another cluster. This clustering was not in accordance to the geographical

distance of four rivers populations.
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In microsatellites analysis, 120 specimens (30 samples from each river) of R. frissi
kutum from four rivers were caught. Thirty microsatellite primers were used of which
eight primers showed polymorphism. Heterozygosity over all samples was observed
among loci that ranged from 0.13 to 0.91. For a given locus, the observed
heterozygosity varied greatly among the samples. The highest He was 0.92 at locus
SYP4 in Shir Rud River and the lowest H. was 0.24 at locus SYP6 in Tajan River. The
Fy values between the four rivers were significantly different (P<0.05) suggesting that
all of the four populations were significantly differentiated that can be explained by
their geographical distances. There were significant deviations (P<0.05) from Hardy-
Weinberg Equilibrium at all loci and all rivers except at locus SPY6. The dendogram
showed that there were two major clusters in Mahisefid population i.e. The Shir Rud
population was in one cluster, while the remaining three populations were in another

cluster with a genetic distance value of 0.064.

The results of morphometrics, RFLP and microsatellite markers from this study are
important to be taken into account by policy markers and fishery managers for stock
enhancement program of Mahisefid in Iran. This study also suggested that Mahisefid
populations from different river systems should be treated separately since they have

different and should not be mixed especially for induce breeding activities.
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Mahisefid adalah salah satu spesies ikan yang penting dari segi ekonomi di selatan
kawasan Laut Caspian. Taburan Mahisefid adalah dari Kura di Azerbaijan hingga ke
Republik Turkmenistan. Mashisefid berhijrah ke sungai untuk bertelur. Kajian ini
bertujuan untuk menentukan ciri morfometrik, struktur populasi dan kepelbagaian
genetik Mabhisefid. Populasi Mahisefid dari Sungai Lamir dan Sungai Sefid Rud di
daerah Guilan, serta populasi Sungai Shir Rudd dan Sungai Tajan di daerah
Mazandaran digunakan dalam kajian ini. Sejumlah 387 sampel (jantan dan betina)
Mahisefid telah ditangkap pada musim bunga 2005 dari empat sungai yang berbeza di
mana ikan ini setiap tahun berhijrah untuk bertelur. Empat belas ciri morfometrik
konvensional, 13 nisbah dan 12 morfometrik Truss dipilih untuk kajian ini. Data
morfometrik konvensional dan Truss bagi R. frissi kutum dari empat sungai ini
dianalisis menggunakan ANOVA dua-hala, diskriminan dan Analisis Komponen
Prinsip. Hasil kajian menunjukkan semua ciri morfometrik pada jantan dan betina

mempunyai perbezaan bererti (P<0.05) di kalangan empat sungai tersebut. Berdasarkan



kepada cirri morfometrik konvesional, tiada kelompok bagi populasi jantan dan betina
Mabhisefid dari empat sungai yang dikaji. Walau bagaimanapun, berdasarkan ciri
morfometrik Truss, pola kelompok adalah sedikit berbeza di mana tidak terdapat
kelompok bagi jantan tetapi terdapat dua kelompok bagi populasi betina, i.e. Populasi
Sungai Sefid Rud, Sungai Shir Rud dan Sungai Tajan dalam satu kumpulan dan

populasi Sungai Lamir dalam kumpulan satu lagi.

Untuk RFLP, 294 sampel telah digunakan dan produk PCR dihadamkan dengan
menggunakan 20 enzim pembatas, iaitu Tasl, Haelll, Hinfl, Hincll, Sall, Dral, Accl,
Avall, Xhal, BshNI, Aval, Bcll, Bshll, Mspl, Pstl, Rsal, Sdnl, Taql, Trul, VspI .
Daripada 20 enzim yang dikaji, empat enzim pembatas iaitu Tasl, Haelll, Hinfl dan
Hincll adalah polimorfik, 6 enzim tiada penghad dan 14 enzim lagi adalah
monomorfik. Sejumlah 20 haplotip dicerap, di mana haplotip AAAA dan BAAA
menunjukkan frekuensi yang paling tinggi. Purata frekuensi haplotip AAAA adalah
29.93% manakala purata frekuensi haplotaip BAAA adalah 27.55%. Haplotip BDAB
adalah unik bagi populasi Sungai Sefid Rud, haplotip ADAA dan ABAC adalah unik
bagi populasi Sungai Lamir, haplotip BAAB adalah unik bagi populasi Sungai Shir
Rud manakala haplotip BAAC adalah unik bagi populasi Tajan. Berdasarkan kepada
kaedah penunjuk RFLP, empat populasi Mahisefid dibahagikan kepada 2 kluster
utama, iaitu Populasi Sungai Shir Rudd an Lamir dalam satu kumpulan, manakala
populasi Sungai Tajan dan Sungai Sefid Rud dalam kumpulan lain. Pengkelompokan

ini tidak mengikut jarak geografi bagi keempat-empat sungai tersebut.

Dalam kajian mikrosatelit, 120 spesimen (30 sampel dari setiap sungai) R. frissi Kutum

digunakan.Daripada 30 primer mikrosatelit yang digunakan, 8 primer adalah
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polimorfik. Keheterozigotan di antara lokus bagi semua sampel berbeza dari 0.13
hingga 0.91. Untuk lokus tertentu, heterozigot cerapan sangat berbeza antara semua
sampel yang dikaji. He tertinggi ialah 0.92 pada lokus SYP4 bagi populasi Sungai Shir
Rudd dan He terendah ialah 0.24 pada lokus SYP6 bagi populasi Sungai Tajan. Nilai
Fst antara semua populasi menunjukkan perbezaan bererti (P<0.05) yang menunjukkan
keempat-empat populasi adalah berbeza yang mana selari dengan jarak geografinya.
Terdapat perbezaan ketara (P<0.05) daripada Keseimbangan Hardy Weinberg pada
semua lokus dan sungai kecuali pada lokus SPY6. Dendrogram menunjukkan populasi
Mabhisefid terbahagi kepada dua kluster utama, iaitu populasi Sungai Shir Rud dalam

satu kluster manakala 3 populasi lagi dalam kluster yang lain.

Keputusan daripada kaedah morfometrik, penanda RFLP dan mikrosatelit dalam kajian
ini perlu diambil perhatian oleh penggubal polisi dan pengurus perikanan untuk
program peningkatan stok Mahisefid di Iran. Kajian ini mencadangkan populasi
Mahisefid dari sistem sungai yang berlainan sepatutnya diurus secara berasingan kerana
ia adalah stok berlainan dan tidak sepatutnya dicampurkan terutamanya semasa

menjalankan aktiviti pembiakan aruhan.

vil



ACKNOWLEDGEMENTS

First, I would like to thank the Almighty God for His perpetual divine assistance
without which nothing could have been achieved. With any work of this scope, there

are always many people to thank for their assistance and advice.

I would like to express my gratitude to Associate Professor Dr. Siti Khalijah Daud who
accepted the challenge of supervising a student who was going to spend most of the
time away from UPM. Sincere appreciation is also due to Professor Dr. Siti Shapor

Siraj for her comments and suggestions.

I would like to thank to my other co-supervisors Assoc. Prof. Dr. Sohrab Rezvani who
has supported me to continue my PhD and also helped me to complete this research.
Assoc. Prof. Dr. Mohammed Pourkazimi who has provided laboratory facilities and
supported to do the project and Dr Mustafa Kamal Abdul Satar from Faculty of

Agriculture for his comments and suggestions.

My sincere thanks to Assoc. Prof. Dr. Motalebi, Director of Iranian Fisheries Research

Organization, and his Deputies for their financial support to carry out this research

project.

I would like to thank my family, especially my wife who has scarified and took care of

my family when [ was away in Malaysia.

viil



I am also grateful to Mr. Mohamadzadeh for his help and support to my family. A

special thank is also due to my dear friend Naderi who never left me alone in Malaysia.

Finally, I would like to acknowledge all those who have contributed in one way to

another towards the success of this research project.

X



DEDICATION

To my loving wife Masoumeh Esmaeely Moghadam and Mr Mohamad Reza Esmaeely
Moghadam whose never-ending support and encouragement helped me to believe in

myself and discover that I can complete my degree.



APPROVAL

I certify that an Examination Committee met on Monday 18 October 2010 to conduct
the final examination of Hossein Ali Abdolhay on his Doctor of Philosophy thesis
entitled "Morphometric Analysis and Population Genetics of Mahisefid (Rutilus frisii
kutum kamensky,1901) in south of Caspian Sea" in accordance with Universiti Putra
Malaysia (Higher Degree ) Act 1980 and Universiti Putra Malaysia (Higher Degree)
Regulations 1981. The committee recommends that the candidate be awarded Doctor of
Philosophy.

Members of Examination Committee are as follows:

Dr. Hishamuddin Omar, PhD
Department Biology

Faculty Science

Universiti Putra Malaysia
(Chairman)

Associate Professor. Dr Aziz Bin Arshad, PhD
Department of Aquaculture

Faculty Agriculture

Universiti Putra Malaysia

(Internal Examiner)

Associate Professor. Dr Jothi M. Panandam, PhD
Department of Animal Science

Faculty Agriculture

Universiti Putra Malaysia

(Internal Examiner)

Professor Dr. Mohd Azmi Ambak, PhD
Faculty of Agrotechnology and Food Science
Universiti Malaysia Terengganu

Malaysia

(External Examiner)

SHAMSUDDIN BIN SULAIMAN, PhD
Professor and Deputy Dean

School of Graduate Studies

Universiti Putra Malaysia

Date:

X1



This thesis was submitted to the Senate of Universiti Putra Malaysia has been accepted
as fulfilment of the requirement for the degree of Doctor of Philosophy. The members
of the Supervisory Committee were as follows:

Siti Khalijah Daud, PhD
Associate Professor
Faculty of Science
Universiti Putra Malaysia
(Chairman)

Siti Shapor Siraj, PhD
Professor

Faculty of Agriculture
Universiti Putra Malaysia
(Member)

Sohrab Rezvani Gilkolaei, PhD
Associate Professor

Iranian Fisheries Research Organization
(Member)

Mohammad Pourkazemi, PhD

Associate Professor

Iranian Fisheries Research Organization, International Sturgeon Research Institution
(Member)

Mustafa Kamal Abdul Satar, PhD
Lecturer

Faculty of Agriculture

Universiti Putra Malaysia
(Member)

HASANAH MOHD GHAZALI, PhD
Professor and Dean

School of Graduate Studies

Universiti Putra Malaysia

Date:

Xii



DECLARATION

I declare that the thesis is my original work except for quotations and citations, which
have been duly acknowledged. I also declare that it has not been previously and is not
concurrently, submitted for any other degree at University Putra Malaysia or other
institutions.

HOSSEIN ALI ABDOLHAY

Date: 18 October 2010

xiil



TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENT
APROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION
1.1 Background of Study
1.2 Important of Study
1.3 Statements of Problems
1.3 Objectives of the Study

2 LITERATURE REVIEW
2.1 Caspian Sea

2.1.1 Caspian Sea location
2.2.2 Caspian Sea Fisheries in Iran
2.2 Biology and Ecology of Mahisefid
2.2.1 Taxonomy of Mahisefid
2.2.2 Morphology of Rutilus frisii kutum
2.2.3 Ecology of Mahisefid
2.3 Stock Enhancement of Mahisefids
2.3.1 Broodstock catching and management
2.3.2 Spawning induction
2.3.3 Fecundity
2.3.4 Egg and larval developments
2.3.5 Incubation
2.3.6 Larval rearing in ponds
2.3.7 Weight and age at release
2.3.8 Releasing strategy
2.3.9 Enhancement goals
2.3.10 Success and contributions of hatchery to fishery
2.4 Fish Stock
2.4.1 Stock Concept

X1v

Page
i

viii
X1
xiii
XVii
XX
XX1V

QN N = = =

~N

10
11
12
13
14
15
17
19
24
24
25
28
30
31
36

39
40



2.4.2 Importance of Stock Identification Study
2.4.3 Stock Identification
2.5 Morphometric
2.5.1 Traditional Morphometric
2.5.2 Advantages of Truss morphometric
2.5.3 Stock discrimination
2.6 Genetic diversity of fishes
2.6.1 Natural genetic variation in fishes
2.6.2 Molecular Markers

MORPHOMETRIC STUDIES OF MAHISEFID
3.1 Introduction
3.2 Materials and methods
3.2.1 Samples collection
3.2.2 Conventional morphometric
3.2.3 Ratio morphometric
3.2.4 Truss morphometric
3.2.5 Data analysis
3.3 Results
3.3.1 Conventional morphometrics characteristic
3.3.2 Ratio of morphometric to fork lengt
3.3.3 Truss Morphometric
3.4 Discussion

3.5 Conclusions

GENETIC VARIATION OF MAHISEFID POPULATIONS
USING RESTRICTION FRAGMENT LENGTH
POLYMORPHISM (RFLP) MARKER

4.1 Introduction

4.2 Materials and Methods
4.2.1 Samples collections
4.2.2 Total DNA extraction and quantification
4.2.3 DNA purity
4.2.4 RFLP primer pairs
4.2.5 PCR preparation for RFLP
4.2.6 Restriction endonuclease digestion

4.2.7 Data analysis

XV

41
42
44
44
47
48
48
49
53

67
67
68
68
69
70
71
72
72
72
81
86
95
100

101

101
104
104
104
104
105
105
107
107



4.3 Results
4.3.1 Haplotype frequency
4.3.2 Nucleotide diversity
4.3.3 Evolutionary distance
4.4 Discussion

4.5 Conclusions

5 GENETIC VARIATION OF MAHISEFID POPULATIONS
USING MICROSATELLITE MARKERS
5.1 Introduction

5.2 Materials and Methods
5.2.1 Samples and DNA extraction
5.2.2 Total DNA samples and quantification
5.2.3 Microsatellite primer pairs
5.2.4 PCR profile and program for microsatellite technique
5.2.5 Data Analysis
5.3 Results
5.3.1 Allele frequencies
5.3.2 Heterozygosity among loci and samples
5.3.3 Inbreeding coefficient (Fis)
5.3.4 Hardy-Weinberg Equilibrium
5.3.5 Genetic distance
5.3.6 Genetic structure
5.3.7 Dendogram
5.4 Discussion

5.5 Conclusions

6 GENERAL DISCUSSIONS, CONCLUSIONS AND
RECOMMENDATION FOR FUTURE RESEARCH

REFERENCES
APPENDICES
BIODATA OF STUDENT
LIST OF PUBLICATION

XVl

112
112
114
116
121
124

125

125
128
128
128
128
130
131
138
138
141
143
143
144
146
152
153
158

159

170
191
202
204



	MORPHOMETRIC ANALYSIS AND POPULATION GENETICS OF MAHISEFID (Rutilus frisii kutum KAMENSKY) OF THE SOUTH CASPIAN SEA
	ACKNOWLEDGEMENTS
	DECLARATION
	LIST OF ABBREVIATIONS
	1 INTRODUCTION
	1.1 Background of Study
	1.2 Importance of Study
	1.3 Statement of Problems
	1.4 Objectives of the Study 

	2 LITERATURE REVIEW 
	2.1 Caspian Sea
	2.1.1  Caspian Sea location
	2.1.2  Caspian Sea Fisheries in Iran

	2.2 Biology and Ecology of Mahisefid
	2.2.1 Taxonomy of Mahisefid
	2.2.2 Morphology of Rutilus frisii kutum
	2.2.3 Ecology of Mahisefid

	2.3  Stock Enhancement of Mahisefids
	2.3.1 Broodstock catching and management
	2.3.2 Spawning induction
	Semi-artificial propagation of Mahisefid
	Artificial propagation of Mahisefid

	2.3.3 Fecundity
	2.3.4 Egg and larval developments
	2.3.5 Incubation
	2.3.6 Larval rearing in ponds
	2.3.7 Weight and age at release
	2.3.8 Releasing strategy
	2.3.9 Enhancement goals 
	2.3.10 Success and contributions of hatchery to fishery

	2.4 Fish stock
	2.4.1 Stock Concept
	2.4.2 Importance of Stock Identification Study
	2.4.3 Stock Identification

	2.5 Morphometric 
	2.5.1 Traditional Morphometric
	2.5.2 Advantages of Truss morphometric
	2.5.3 Stock discrimination

	2.6 Genetic diversity of fishes 
	2.6.1 Natural genetic variation in fishes
	2.6.1.1 Heterozygosity 
	2.6.1.2 Genetic identity and genetic distance
	2.6.1.3 Importance of genetic diversity

	2.6.2 Molecular Markers
	2.6.2.1 Restriction Fragment Length Polymorphism (RFLP) 
	2.6.2.2 Microsatellites



	3 MORPHOMETRIC STUDIES OF MAHISEFID
	3.1 Introduction
	3.2  Materials and Methods
	3.2.1  Samples collection
	3.2.2 Conventional morphometric
	3.2.3 Ratio morphometrics
	3.2.4 Truss morphometric
	3.2.5 Data analysis

	3.3 Results 
	3.3.1 Conventional morphometric characteristics
	3.3.2 Ratio of morphometric characters to fork length
	3.3.3 Truss Morphometric

	3.4 Discussion 
	3.5 Conclusions

	4 GENETIC VARIATION OF MAHISEFID POPULATIONS USING RESTRICTION FRAGMENT LENGTH POLYMORPHISM (RFLP) MARKER
	4.1 Introduction
	4.2 Materials and Methods
	4.2.1 Samples collections
	4.2.2 Total DNA extraction and quantification 
	4.2.3 DNA purity
	4.2.4 RFLP primer pairs
	4.2.5 PCR preparation for RFLP
	4.2.6 Restriction endonuclease digestion 
	4.2.7 Data analysis

	4.3 Results 
	4.3.1 Haplotype frequency
	4.3.2 Nucleotide diversity
	4.3.3 Evolutionary distance

	4.4  Discussion
	4.5 Conclusions 

	5 GENETIC VARIATION OF MAHISEFID POPULATIONS USING MICROSATELLITE MARKERS
	5.1 Introduction
	5.2 Materials and Methods
	5.2.1 Samples collection 
	5.2.2 Total DNA samples and quantification
	5.2.3 Microsatellite primer pairs
	5.2.4  PCR profile and program for microsatellites technique
	5.2.5 Data Analysis

	5.3 Results
	5.3.1 Allele frequencies
	5.3.2 Heterozygosity among loci and samples
	5.3.3 Inbreeding coefficient (Fis)
	5.3.4 Hardy-Weinberg Equilibrium   
	5.3.5 Genetic distance
	5.3.6 Genetic structure
	5.3.7 Dendogram

	5.4 Discussion
	5.5 Conclusions

	6 GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH
	APPENDICES
	BIODATA OF STUDENT



