TABLE OF CONTENTS

Title Page
Declaration
Acknowledgements 1
Abstract 111
Table of Contents \
List of Tables X1
List of Figures and Plates X111
CHAPTER 1
1.0 GENERAL INTRODUCTION AND STUDY OBJECTIVES
1.1 Section 1

Review of currently available information on Artemia 01
1.1.1 Available species and strains 01
1.1.2 Geographical distribution 03
1.1.3 Ecology 04
1.1.4 Growth and development 08
1.1.5 Cyst and biomass production 10
1.1.6 Hatching characteristics and biometrics 12
1.1.7 Nutritional quality 14
1.1.8 Uses of Artemia 17
1.2 Section 2

Study objectives and rationale for the present study 20
CHAPTER 2
2.0 STUDIES ON NATURAL POPULATIONS OF

SRI LANKAN Artemia parthenogenetica 24
2.1 Section 1

Population ecology of Artemia parthenogenetica

at Mahalewaya saltern 24
2.1.1 INTRODUCTION 24

2.1.1a Salterns and the presence of Arfemia 24

2.1.1b The layout of Mahalewaya Saltern 25



2.1.2 MATERIALS AND METHODS
2.1.2a Physico-chemical characteristics
2.1.2b Population studies

2.1.3 RESULTS
2.1.3a Physico-chemical characteristics
2.1.3b Population studies

2.1.4 DISCUSSION

2.2 Section 2
Production and processing of naturally produced
Artemia cysts

2.2.1 INTRODUCTION

2.2.2 MATERIALS AND METHODS
2.2.2a Cyst harvest at Mahalewaya Saltern
2.2.2b Cyst processing

2.2.3 RESULTS

2.2.4 DISCUSSION

CHAPTER 3

3.0 LIFE CYCLE, SURVIVAL, GROWTH AND
FECUNDITY OF Artemia parthenogenetica
AND THEIR RESPONSES TO DIFFERENT
TEMPERATURES AND SALINITIES

3.1 INTRODUCTION

3.2 Section 1
Life cycle of Artemia parthenogenetica
in laboratory studies

3.2.1 MATERIALS AND METHODS

3.2.2 RESULTS

3.3 Section 2
Effect of temperature and salinity
on survival, growth and fecundity of
Artemia parthenogenetica

3.3.1 MATERIALS AND METHODS

3.3.2 RESULTS
3.3.2a Survival
3.3.2b Growth

!

3.3.2c Fecundity

Page
28
28
29
30
30
39
43

>1

51
52
52
53
>4
57

62

62

63
63
64

71

71
72
72
75
77



Vil

| Page
3.4 DISCUSSION 80

CHAPTER 4
4.0 CULTURE OF Artemia IN EARTHEN PONDS 86
4.1 Section 1
Experimental pond culture of Artemia
parthenogenetica for cyst production 86
4.1.1 INTRODUCTION 86
4.1.2 MATERIALS AND METHODS 87
4.1.2.1 Experimental ponds 87
4.1.2.2 Use of norganic fertilizer 87
4.1.2.2a Experimental design 87
4.1.2.2b Water quality 88
4.1.2.2¢ Collection of cysts 89
4.1.2.3 Use of organic fertilizer 89
4.1.2.3a Experimental design 89
4.1.2.3b Water quality 90
4.1.2.3¢ Collection of cysts 90
4.1.3 RESULTS 91
4.1.3.1 Use of morganic fertilizer 91
4.1.3.2 Use of organic fertilizer 08
4.1.4 DISCUSSION - 104
4.2 Section 2
Experimental pond culture of Artemia
parthenogenetica for biomass production 110
4.2.1 INTRODUCTION 110
4.2.2 MATERIALS AND METHODS 111
4.2.3 RESULTS 113

4.2.4 DISCUSSION 116



Viil

4.3 Section 3
Experimental pond culture of Artemia
Jranciscana for cyst and biomass production

4.3.1 INTRODUCTION
4.3.2 MATERIALS AND METHODS
4.3.2.1 Experimental site and pond layout
4.3.2.2 Inoculation and fertilization
4.3.2.3 Water quality
4.3.2.4 Collection of cysts and biomass
4.3.3 RESULTS
4.3.4 DISCUSSION

4.4 Section 4
Population structure and fecundity of Artemia
parthenogenetica and A. franciscana under
experimental pond culture

4.4.1 INTRODUCTION
4.4.2 MATERIALS AND METHODS

4.4.3 RESULTS
4.4.3.1 Population structure and its variation

4.4.3.1a Artemia parthenogenetica
4.4.3.1b Artemia franciscana
4.4.3.2 Fecundity
4.4.3.2a Artemia parthenogenetica
4.4.3.2b Artemia franciscana
4.4.3.3 Body length of Artemia stages
4.4.4 DISCUSSION
4.4.4.1 Population structure and recruitment
4.4.4.2 Fecundity
4.4.4.3 Body length

Chapter S

5.0 BIOMETRICAL CHARACTERISTICS OF
SRI LANKAN Artemia parthenogenetica

5.1 INTRODUCTION

5.2 MATERIALS AND METHODS

5.2.1 Cyst preparation
5.2.2 Microscopic measurements
5.2.3 Dry weight of naupln

5.2.4 Data analysis

Page

120

120
121
121
121
122
122
123
127

130

130
131
132
132
132
138
140
140
141
141
148
148
150
152

154

154
155
156
157
158
158



1X

Page

5.3 RESULTS 159
5.4 DISCUSSION 161
CHAPTER 6
6.0 THE HATCHING QUALITY OF Artemia CYSTS 165
6.1 Section 1
Hatching characteristics of Arfemia cysts and
the effect of temperature, salinity and pH on the
hatching percentage of cysts 165
6.1.1 INTRODUCTION 165
6.1.2 MATERIALS AND METHODS 166
6.1.2.1 Hatching percentage and hatching efficiency 166
6.1.2.2 Hatching rate 168
6.1.2.3 Effect of temperature, salinity and pH on the
hatching percentage and hatching efficiency
of Artemia cysts 169
6.1.2.4 Data analysis 170
6.1.3 RESULTS 170
6.1.3.1 Hatching percentage and hatching efficiency 170
6.1.3.2 Hatching rate 172
6.1.3.3 Effect of temperature, salinity and pH on the hatching
percentage and hatching efficiency of Artemia cysts 175
6.2 Section 2
Effect of processing, packing and storage
on the hatching quality of Artemia cysts 182
6.2.1 INTRODUCTION 182
6.2.2 MATERIALS AND METHODS 183
6.2.2.1 Processing 183
6.2.2.2 Storage 184
6.2.2.3 Study of hatching quality 184
6.2.3 RESULTS 185
6.3 DISCUSSION 189



Page

CHAPTER 7
7.0 NUTRITIONAL EVALUATION OF Artemia 196
7.1 INTRODUCTION 196
7.2 MATERIALS AND METHODS 198
7.2.1 Use of Artemia as food for a freshwater fish 198
7.2.2 Use of Artemia as food for a marine shrimp 200
7.2.3 Data analysis 201
7.2.4 Evaluation of fatty acid composition 201
7.3 RESULTS 202
7.3.1 Use of Artemia as a feed 202
7.3.1.1 Survival value 202
7.3.1.2 Growth value 203
7.3.2 The fatty acid composition 208
7.4 DISCUSSION 212
GENERAL DISCUSSION 218
APPENDIX 1 223

REFERENCES 224



List of Tables

Table 2.1.1.

Table 2.2.1

Table 4.1.1.

Table 4.1.2

Table 4.1.3.

Table 4.3.1.

Table 5.1

Table 6.1.1.
Table 6.1.2.

Table 6.1.3.
Table 6.1 .4.

Table 6.1.5.

Table 6.1.6.

Table 6.2.1

Table 7.1.

X1

The dissolved oxygen content, gross primary productivity,
mean monthly windspeed and mean evaporation in

condenser pans in Mahalewaya saltern.
Cyst harvest in Mahalewaya saltern in 1986 and 1987

Production of Artemia cysts from culture experiment
using inorganic fertilizer.

Nature and percent contaminating matter found with
Artemia cysts collected from experimental ponds in
Palavi.

Production of Artemia cysts produced from the culture
experiment using organic fertilizer.

Cyst production by inoculated SFB Artemia 1n
experimental pond at Palavi Saltern.

Biometrical characteristics of A. parthenogenetica and A.
franciscana.

The cyst sources of Artemia and the abbreviations used.

The hatching percentage, the hatching efficiency and the
dry weight of cysts needed to produce one million

Artemia nauplii.

Hatching rate of Arftemia from different sources.

The mean hatching percentage and hatching efficiency
of A. parthenogenetica cysts from Palavi at varying
salinity, temperature and pH.

Two-factor analysis of variance for the hatching
percentage of Artemia parthenogenetica cysts at different

temperatures, salinities and pH.

Two-factor analysis of variance for the hatching
efficiency of Artemia parthenogenetica cysts at different

temperatures, salinities and pH.

The ANOVA results on the hatching percentage of
Artemia cysts processed, packed and stored using

difterent methods.

The cyst sources of Artemia, the fish and shrimp and the
abbreviations used in the text.

Page

36
56

93

97

99

124

160
167

172
173

176

180

181

188

203



Table 7.2.

Table 7.3.

Table 7. 4.

X11

Page

Percentage survival, mean length and mean weight of C.
auratus and P. monodon fed two Artemia strains. 205

Fatty Acid Methyl Esters of initial fish and shrimp,

those fed the two Artemia strains and the two sources of
Artemia. 208

Fatty acid Methyl Esters of freshly-hatched naupli1 of 4.
parthenogenetica from Mahalewaya saltern. 209



List of Figures

Fig. 2.1.1.
Fig. 2.1.2.

Fig. 2.1.3a.

Fig.2.1.3b.

Fig. 2.1.4.

Fig. 2.1.5.

Fig. 2.1.6.

Fig. 2.1.7a-c.

Fig. 3.1.1
Fig. 3.1.2

Fig. 3.2.1a-d

Fig. 3.2.2a-c.

JFig. 3.2.3.

Fig. 4.1.1.

Fig. 4.1.2.

Fig. 4.1.3a-b.

Fig. 4.1.4a-d.

X111

Map of Mahalewaya saltern, Hambantota.

Monthly mean salinity variation in Condenser pans in
Mahalewaya saltern.

Monthly mean temperature variation in condenser pans
in Mahalewaya saltern

Temperature variation over a 24-hour period in
condenser pans.

Monthly mean variation in water depth in condenser
pans.

Variation in wind velocity over a 24-hour period in
Mahalewaya saltern.

Rainfall in Mahalewaya saltern from August 1986 to
September 1987.

Variation in population structure of Artemia in
condenser pans in Mahalewaya saltern.

Variation 1n total population of Artemia n
condenser pans.

Hatching of Artemia cyst.

Gnathobasenseta in the second antenna in instar I, I
and III in Artemia.

Percentage survival in Artemia at different temperatures
and salinities.

Variation in mean length in Artemia at different
temperatures and salinities.

Changes in fecundity and mode of reproduction of
Artemia parthenogenetica with increase in salinity.

Rainfall pattern for the years 1989 and 1990 in Palavi
Saltern.

Surface and bottom temperature variation in ponds
during Artemia culture trial using inorganic fertilizer.

Surface and bottom salinity variation in ponds during
Artemia culture trial using inorganic fertilizer.

Water depth and Secchi depth variation in ponds during
culture trial using inorganic fertilizer.

Page

26

31

33

33

34

37

37

41

41
66

638

74

76

79

94

95

95

96



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

F1g.

Fig.

Fig.

4.1.5.

4.1.6.

4.1.7a-b.

4.1.8a-d.

4.2.1a-d.

4.3.1a-e.

4.4.1.

4.4.2a-d.

4.4.3.

4.4.4a-d.

4.4.5.

X1V

Pattern of 3-day cyst production by Sri Lankan
Artemia during culture trial using organic fertilizer.

Surface and bottom temperature variation during
Artemia culture trial using organic fertilizer.

Surface and bottom salinity variation during Arfemia
culture trial using organic fertilizer.

Water depth and Secchi depth variation in ponds
during culture trial using organic fertilizer.

Surface and bottom variation in selected physico-
chemical parameters in experimental pond and
rainfall in Palavi during the culture period of Sri
Lankan Artemia for biomass production.

Fecundity, cyst harvest, variations in salinity,
temperature and rainfall during the SFB Artemia

culture experiment at Palavi.

Total population of A. parthenogenetica in iorganic
fertilization experiment.

Variation 1n population structure in A4.

parthenogenetica 1n inorganic fertilization experiment.

Total population of A. parthenogenetica in
experimental culture ponds 1n organic fertilization

experiment.

Variation in population structure in Artemia
parthenogenetica in organic fertilization experiment.

Variation in population structure of Artemia

Page

100

100

101

103

115

125

134

135

136
137

Fig.

Fig.

franciscana cultured in Palavi. 139

Percent ovoviviparous and oviparous females and those
with empty broodpouches of Artemia parthenogenetica
in inorganic fertilization experiment. 143

4.4.6a-d.

Percent ovoviviparous and oviparous females and those
with empty broodpouches of Artemia parthenogenetica
in inorganic fertilization experiment. 144

4.4.6¢e-h.



Fig. 4.4.7a.

Fig. 4.4.7b.
Fig. 4.4.8.
Fig. 4.4.9.
Fig. 4.4.10.
Fig. 6.1.1.
Fig. 6.1.2a-d.
Fig. 6.2.1a-c.
Fig. 7.1a-b.

Fig. 7.2.

List of Plates

XV

Percentages of reproducing and non-reproducing females
in Artemia franciscana population in experimental

culture.

Mean fecundity in Artemia franciscana females in

‘experimental culture.

Length of different life cycle stages of Artemia in
experimental culture.

Percent frequency distribution of males and females of
A. franciscana in experimental culture.

Percentages of males and females of 4. franciscana in
experimental culture.

Percentage of maximal hatching efficiency of different
Artemia cyst sources with time.

Hatching percentage of Artemia cysts at different
temperatures, salinities and pH.

Hatching percentage of Artemia cysts processed, packed
and stored using different methods.

Mean length and mean weight in C. auratus fed A.

parthenogenetica and A. franciscana.

Percentages of total fatty acids of 18:3n3 and n-6 fatty
acids in relation to n-3 HUFA.

Plate 1. Artemia parthenogenetica cysts from Mahalewaya saltern.

Plate 2. Artemia cyst in breaking stage.

Plate 3. Embryo (pre-nauplius) of Arfemia in "umbrella stage".

Plate 4. Instar I of Artemia.

Plate 5. Instar II of Artemia.

Plate 6. Instar III of Artemia (Metanauplius II).

Plate 7. Metanauphus Il

Page

145

145

146

146

147

174

178

187

206

210

64a
64a
65a
65a
65b
65b

69a



