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ABSTRACT 

High operating costs are identified as a problem with the intensive 

larval culture of barramundi Lates calcarifer (Bloch). One solution to 

reduce these costs is to decrease the time the larvae spend in the 

hatchery being fed live rotifers and brine shrimp nauplii. The overall aim of 

this study was to describe developmental morphology and feeding 

behaviour of the larvae under present rearing conditions in order to 

examine areas where growth and survival can be improved. 

Larvae displayed diurnal feeding behaviour and consumed prey 

during daylight hours from day 4 to 10. Prey availability became limited 

after day 12 with all prey being consumed from the tanks from day 13 

onwards. By day 16, all prey were consumed, digested and excreted by 

larvae within 4 hours after addition of prey to tanks. The ability of larvae to 

start consuming brine shrimp nauplii was predicted to occur between 2.55 

and 4.55 mm TL using measurements of mouth gape and prey size. 

Larvae actually began consuming brine shrimp nauplii at 3.28 mm TL. The 

majority of larvae began to consume brine shrimp nauplii between 3.99 

and 4.33 mm TL. Larvae reared under continuous lighting had the best 

growth rates during the rotifer feeding stage (day 2 - 10). However, larvae 

reared in 16 hour light and 8 hour dark had the best growth rates for the 

brine shrimp feeding stage (day 8 - 20).Survival was not significantly 

different (P>0.05) between treatments during the rotifer feeding stage but 

was higher for larvae reared in 8 hour light and 16 hour dark from day 8 - 

20. Larvae reared in the black containers grew more quickly than larvae 

reared in white and transparent containers for the rotifer feeding stage 

(days 2 - 10). However, tank colouration had no effect on growth or 

survival of larvae for the brine shrimp feeding stage (days 8 - 20). Brine 

shrimp nauplii availability levels to obtain maximum growth and survival of 

larvae was investigated between days 8 - 23. Brine shrimp nauplii 

availability levels increased from 120 individuals/larva/feed from day 8 - 15 

to 750 individuals/larva/feed from day 15 - 20. 



This research showed that the rearing conditions presently used for 

barramundi larvae can be modified to substantially improve growth and 

survival. Recommended changes to photoperiod and tank colour would 

reduce the rotifer feeding stage by 4 days, representing a significant 

reduction in overall production costs. 
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CHAPTER 1 . INTRODUCTION 

Lates calcarifer (Bloch) has many common names throughout its 

distribution in the tropical and subtropical regions of the western Pacific 

and Indian oceans: the most common English names being giant 

seaperch, seabass and barramundi. I intend to use barramundi in this 

thesis to describe Lates calcarifer. Barramundi belong to the Order 

Perciformes, Suborder Percoidei and Family Centropomidae. The 

geographical distribution of this species includes the Persian Gulf in the 

west, north to Amoy in southern China, east to the south eastern tip of 

Papa New Guinea and south to the Noosa River on the east coast and 

Ashburton River on the west coast of Australia (Grey 1987). Barramundi 

display euryhaline and catadromous migration characteristics within these 

geographical limits (Davis 1987). Barramundi are protandrous 

hermaphrodites, maturing into males at approximately 3 to 5 years (29 - 

60 cm total length, TL) and changing to females between 53 to 100 cm TL 

depending on region (Davis 1987, Garrett 1987). Spawning occurs in 

areas where the temperature is between 27 and 33 °C and salinities range 

from 28 to 34 %o (Garrett 1987). 

Barramundi are an economically important species throughout its 

distribution. It is favoured for its large size, fast growth and eating quality. 

Fisheries for barramundi include commercial, recreational and developing 

aquaculture industries. Total world production of barramundi was 

estimated to be 18099 t in 1982 with Australia producing 1139 t or 6.3 % 

(Grey 1987 from FAO 1984). The total production in Australia for 1982 
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was from the commercial fisheries based on an inshore and estuarine gill-

net fishery. 

The barramundi is highly prized by the recreational fisheries. 

Russell and Hales (1993), in a survey of 924 anglers visiting the Lakefield 

National Park in eastern North Queensland, found 92% aimed to catch a 

barramundi. It is estimated that the recreational fishery is worth A$8 - $15 

million per annum to Queensland's economy (Rutledge et al. 1990). This 

fishery continues to expand with the developing tourist industry and 

improved access to isolated areas in Northern Australia. 

Culture of barramundi prior to the early 1970's was through 

growout of juveniles collected from wild stocks. The first reports of 

spawning and rearing of barramundi were from Thailand in 1973 

(Wongsomnuk and Manevonk 1973). Since then barramundi aquaculture 

has grown rapidly from world production estimates of 4300 t in 1988 

(Treadwell et al. 1992) to 12,886 t in 1992 (FAO 1994). Development of 

culture techniques has taken place in India, Philippines, Thailand, 

Malaysia, Indonesia, Singapore, Hong Kong, Taiwan, French Polynesia 

and Australia with the main producers of cultured barramundi being 

Indonesia, Malaysia and Thailand. 

Research into the culture of barramundi in Australia commenced in 

1983 using Thai technology reported by Barlow (1981). With developing 

technology, the first commercial barramundi farm began operation in 1986 

at Mourilyan Harbour in North Queensland. Barramundi were reared to 

plate size (400 - 500 g) with the first sales made in 1986. Since then, the 
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industry has grown to 11 producers in Queensland, 3 in the Northern 

Territory and one each in South Australia and New South Wales. 

Production from these farms was estimated at 255 t whole weight valued 

at A$2.5 million in 1992/93 (Barlow and Rimmer 1993). 

Barramundi larvae are reared using either extensive or intensive 

culture techniques. The majority of producers external to Australia use 

intensive culture techniques while only a small but growing number of 

producers use these techniques in Australia at this present time. The 

majority of producers in Australia have adopted extensive rearing 

techniques developed by Rutledge and Rimmer (1991). 

Extensive rearing involves filling an enclosure with seawater from a 

natural source through a filter which excludes potential predators and 

allows entry of bacteria, phytoplankton and zooplankton (Rutledge and 

Rimmer (1991). These populations are enhanced with the addition of 

organic and inorganic fertilisers. The zooplankton feed upon the bacteria 

and phytoplankton and in turn are fed upon by the stocked barramundi 

larvae. The success of this method depends on favourable conditions 

from the natural environment and the presence of the necessary bacteria 

and plankton in the natural water source. 

The region and time of year that barramundi larvae are able to be 

reared includes weather patterns of high rainfall and overcast conditions. 

Overcast conditions can cause lower light levels thereby decreasing 

phytoplankton growth. Lower dissolved oxygen levels result from these 

reduced phytoplankton levels resulting in possible larval mortality. High 
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rainfalls have been identified as causing erotogenic meromixis in saltwater 

barramundi larvae rearing ponds in North Queensland (Rimmer 1993). 

This stratification results in temperatures up to 38°C in the bottom 

saltwater layer compared to 31 °C in the upper freshwater layer for the 

same period. Consequently survival of barramundi larvae reared using this 

technique are extremely variable with recorded values ranging from 0 to 

43% (mean = 14.7%, Rutledge and Rimmer 1991). 

Intensive systems allow greater control and manipulation of the 

system to suit the cultured organism than does extensive systems. In 

intensive systems, water quality, light and feeding conditions are more 

easily manipulated to optimise the performance of the organisms in this 

system. It is, thereby, possible to rear teleost larvae in ideal conditions in 

intensive systems all year round, subject to supply of larvae. 

Intensive culture involves obtaining the highest productivity through 

increased stocking densities of organisms in a given body of water without 

detriment to the organism's growth and survival (Wheaton 1977). 

Increased stocking density results in increased levels of toxins produced 

and rapid depletion of oxygen from the water by the organisms. Three 

systems used for the rapid removal of toxins from the water are (1) a 

semiclosed or flow - through system and (2) a closed or recirculating 

system (Wheaton 1977) and (3) green water culture. A semiclosed system 

has water from a natural source flowing into the tanks and returning with 

the toxins directly to the natural source. The water from the natural source 

may be treated before entering this system. In a closed system, a water 
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body is placed into the system and rarely, if ever replaced. Removal of 

toxins in this system is by a biological filter. Both these systems use a 

relatively high rate of water exchange in the rearing tanks. The third 

culture system, green water culture, uses a low level of water exchange 

(Palmer et al. 1992). Algae is used in this system to remove toxins from 

the water. 

A possible disadvantage with intensive culture is that capital and 

production costs are much higher compared to extensive rearing 

techniques. One area where a reduction in production costs is possible is 

with a reduction in the time the barramundi larvae spend in the system. 

Even though researchers are looking at feeding microdiets to barramundi 

larvae, live prey are still required by the larvae at the conversion from 

endogenous to exogenous feeding and for a time after this conversion 

(Walford et al. 1991, Southgate and Lee 1993). Barramundi larvae are 

fed such live prey as algae, rotifer, brine shrimp and cladocerans in 

intensive culture conditions (Pechmanee et al. 1985, Ruangpanit 1987, 

Fermin 1991, Ganzon-Naret and Fermin 1994). The duration for which the 

larvae are fed live prey depends on the size at which the larvae can begin 

feeding on pellet feeds; barramundi larvae can begin to feed on pellet 

food from 16 mm TL (Barlow and Rodgers 1993). 

Culture of live feeds adds capital, production and staffing costs. 

Lobegeiger (1993) estimated total annual costs per barramundi fingerling 

to be 250 using intensive systems and 160 for extensive techniques. 

Production and staffing costs would be reduced through reduced reliance 
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time of the larvae to live prey. The principle aim of the research presented 

here is to lower production costs by increasing the growth and survival of 

barramundi larvae in the present larval rearing system used at the 

Queensland Department of Primary Industries Northern Fisheries Centre 

(NEC), Cairns. 

A knowledge of both predator - specific and prey - specific factors 

affecting the feeding behaviour of barramundi larvae is needed to identify 

possible areas where a reduction may occur in the duration of feeding live 

feeds to the larvae. Factors affecting feeding behaviour in fish larvae have 

been reviewed by Hunter (1980), Tucker (1992) and Gilyarov (1986). 

Factors affecting feeding behaviour in teleost larvae include parental, 

larvae and prey characteristics (Kislaliogly and Gibson 1976, Hunter 1980, 

Marais 1980, Tucker 1992). 

Parental influences on larval development include egg size, yolk 

and oil globule volumes and spawning tactics. Larvae from small eggs are 

generally smaller in length and have less time to find prey before 

endogenous food sources, namely the yolk and oil globule, are exhausted. 

This results in small larvae reaching the point of irreversible starvation 

(McGurk 1984) in less time than larvae from large eggs (Hunter 1980). 

Morphological development of larvae from small eggs is also generally 

less advanced than larvae from large eggs at hatching (Blaxter 1988). 

Fecundity is also higher in teleosts producing smaller sized eggs. The 

types of spawning tactics by teleosts have been reviewed by Balon (1978) 

and Blaxter (1988). 
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Swimming and feeding behaviour both affect the ability of teleost 

larvae to capture prey. Swimming behaviour is characterised by such 

factors as cruising speed and intermittent short bursts of speed, both of 

which are affected by temperature (Hunter 1980). Cruising increases the 

chance of the larvae encountering prey but also increases expenditure of 

energy. It is necessary in aquaculture to reduce swimming behaviour to 

allow use of this energy for other larval functions such as development 

and growth. 

Feeding behaviour of teleost larvae includes searching behaviour, 

prey perception and recognition, motor patterns and prey ingestion 

(Hunter 1980). Larval teleosts are generally planktivorous visual feeders 

consuming individual prey rather than filter feeding (Gilyarov 1987). Vision 

develops with age (Blaxter 1968a and b, Blaxter 1969) which increases 

the preceptive range of the larvae (Northmore et al. 1978, Hunter 1980). 

Upon prey being perceived and identified, teleost larvae form usually 

either a C or a S shaped striking position (Hunter 1980). This is followed 

by a rapid swimming motion and suction of the prey into the mouth (Drost 

and van den Boogaart 1986). 

Prey characteristics affecting feeding behaviour in teleost larvae 

include prey type, size, locomotion, density, colour and nutrition value. 

Prey size is the most important prey characteristic affecting prey selection 

by teleost larvae and is determined by mouth gape of the larvae (Shirota 

1970, Checkley 1982, Govoni et al. 1986a). Nutritional value of the prey 

increases with increasing prey size and type (Hunter 1980). Location and 
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colour of the prey affect the ability of the teleost larvae to perceive and 

capture the prey (Kislaliogly and Gibson 1976, Dendrinos etal. 1984). 

The aim of this study is to firstly describe barramundi larvae and 

the culture conditions presently used at NFC. These results are used to 

identify areas were modifications may be made to improve growth and 

survival of the larvae. Areas identified include (1) the change in prey type 

selection with age and size of larvae (see Chapter 5), (2) the daylight/dark 

duration's effect on growth and survival and how this changes with age 

(see Chapter 6), (3) the effect of tank colour on the ability of the larvae to 

perceive prey and how this perception changes with age, using growth 

and survival as indicators (see Chapter 7), and (4) the influence of prey 

density on growth and survival and how this changes with age (see 

Chapter 8). Research presented in this thesis was conducted at NEC over 

1989/1990 barramundi breeding season. 
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CHAPTER 2 . GENERAL METHODS 

Barramundi larvae 

Barramundi larvae used in experiments 1 - 5 (Table 2.1) were 

obtained as described by Rimmer etal. (1994) from breeding adults in the 

Hay - Embley estuary at Weipa on the north-eastern Gulf of Carpentaria in 

northern Queensland (Garrett et al. 1987). Fertilised eggs were 

air-freighted to NFC, as described by Garrett etal. (1987), arriving around 

the time of hatching (12 - 17 hours after fertilisation at 28 - 30°C). Larvae 

used in experiment 6 (Table 2.1) were reared from fertilised eggs obtained 

from captive Cairns strain barramundi broodstock which were induced to 

spawn using hormone induction techniques (Garrett and Connell 1991). 

The developing eggs were hatched in 1200-L conical bottomed fibreglass 

Table 2.1 	Apparatus used for the rearing of barramundi larvae in each 
experiment. 

Experiment 	Purpose 	 Rearing apparatus 

1 	Gut and mouth 	 Hatchery 

	

development 	 (2 x 1200-L tanks) 

2 	Diurnal feeding 	 Hatchery 
activity 	 (2 x 1200-L tanks) 

3 	Prey selection 	 Hatchery 
(2 x 1200-L tanks) 

4 	Photoperiod 	 Experimental unit 
(10 x 3-L containers) 

5 	Tank colour 	 Experimental unit 
(10 x 3-L containers) 

6 	Brine shrimp 	 Experimental unit 

	

nauplii density 	 (20 x 3-L containers) 
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Table 2.2 	Timing of stages of embryonic development (at 27 °C). 
from: Maneewongsa and Tattanon (1982a). 

Embryonic Stage Time 

(hours) (Minutes) 

Fertilisation 0 0 

2 cells 0 38 

4 cells 0 44 

8 cells 1 03 

32 cells 2 12 

64 cells 2 43 

128 cells 2 55 

Pre-blastula 3 11 

Blastula 5 32 

Gastrula 6 30 

Neurula 8 32 
Embryo develops head, optic lobes and tail 

buds 
11 20 

Heart starts functioning, tail free, body starts 
moving 

15 50 

Hatching 17 30 

rearing tanks at NEC. Timing of developmental stages is shown in Table 

2.2. 

For convenience, the term 'larvae' has been applied throughout this 

thesis to describe all fish used in the experiments including larger fish 

more properly termed 'juveniles' (Kendall et al. 1984). Barramundi 

metamorphose from larvae to juvenile between 8 and 12 Mm TL 
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(MacKinnon 1987, Russell 1987). 

Experimental units 

The NFC hatchery and rearing tanks used for experiments 1 - 3 

(Table 2.1) are described by Russell etal. (1987). Four light blue coloured 

1200-L conical bottomed fibreglass rearing tanks were connected to a 

closed circuit system containing a biological filter. Aeration was supplied to 

each tank and lighting provided from fluorescent lighting and skylights. 

An experimental larval rearing unit similar to that described by 

Rimmer et al. (1994) was used during experiments 4 - 6 (Table 2.1). 

However, 20 3-L containers arranged in two rows of ten containers were 

utilised instead of 22 2-L containers (Figures 2.1 and 2.2). Operation of 

the experimental unit is described in Figure 2.2. Daylight fluorescent lights 

suspended horizontally 1.2 m above the rows of containers provided a 

light level of 300 lux at the water surface. 

Temperature of the water in the header tank was thermostatically 

controlled by a submersible aquarium heater. Dissolved oxygen 

concentrations were maintained near saturation by aerating the water in 

the header tank. 
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Figure 2.1. 	Arrangement of the experimental larval rearing unit and 
the containers. 
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Water quality 

Water quality was monitored daily during each experiment. 

Parameters measured were temperature (°C), salinity (%0), pH, total 

ammonia - nitrogen (NH 3  - N mg/L), nitrite - nitrogen (NO 2 -  - N mg/L) and 

nitrate - nitrogen (NO 32-  - N mg/L). The last four of these parameters were 

measured using a SeaTest Multi-Kit (Aquarium Systems, 8141 Tyler Blvd. 

Mentor, Ohio, #44060 USA). Temperature measurements were made 

using a mercury thermometer and salinity measurements were made 

using a Yeo- Kal model 605 inductive salinity dip meter. Larval rearing 

conditions for barramundi include water temperatures ranging from 26 - 32 

°C and salinities ranging from 20 - 34 %0 (Pakdee 1981, Tattanon and 

Tiensongrusmee 1984, Kungvankij et al. 1986, Cheong and Yeng 1987, 

MacKinnon 1987, Maneewong 1987, Ruangpanit 1987). In the 

experimental unit, temperature measurements were taken in the 

containers while all other parameters were measured by taking water 

samples from the collection pipe which drained water from the rearing 

containers to the sump (Figure 2.2). In the hatchery, samples for water 

quality analyses were taken directly from the 1200-L larval rearing tanks. 

Feed for barramundi larvae 

The live prey organisms used in the commercial culture of larval 

marine fish are mainly the rotifers Brachionus plicatilis and brine shrimp 

nauplii Artemia saline. Though rearing techniques vary between different 
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Figure 2.2. 	Diagram of the recirculating system in the experimental 
unit. 

Water was gravity fed from the 60-L header tank (H) to the 3-L 
containers (C). Microjets (MJ) provide a clockwise flow into the 
containers averaging 76 ml/min (range: 72 to 80 ml/min); a 
turnover of water in each container occurred every 39.5 
minutes. The water flowed through microscreens (MS) covered 
with nylon plankton mesh (64, 120 or 420 um mesh size) to the 
stand pipe (SP), the position of which controlled the level of 
water in the containers. Water flowing from the stand pipe 
collected in a channel (RP) and flowed through a removable 
64pm mesh size screen filter (MF) into the sump. The water 
was pumped back into the header tank through a biological 
filter (BF). 

Key to abbreviations; 
BF: biological filter 
tank 
C : containers 
H : header tank 
MF: removable sump screen filter 
MJ: microjets 
MS: microscreens 

OH: overflow pipe from the header 

RP: return pipe to sump 
S : sump 
SH: overflow stand pipe to sump 
SP: stand pipe from the containers 
U : barrel union 
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hatcheries (Appendix 2), at NFC barramundi larvae are fed rotifers from 

days 2 to 14 and brine shrimp nauplii from days 8 to 20 (day 1 being day 

of hatch). Both rotifers and brine shrimp nauplii were fed to the larvae 

twice daily. The term nauplii is used in this thesis to include the various 

stages of brine shrimp naupliar development to three days old. 

Rotifers were cultured outdoors using the partial harvest method of 

Watanabe (1982). Rotifers were fed the microalga Nannochloropsis 

oculata (CSIRO isolate CS-179 previously named Chlorella spp. Japanese 

isolate) and small quantities of dry baker's yeast (Mauripan Brand, Stewart 

et al. 1987). Daily morning harvesting of rotifers provided that afternoon's 

and the following morning's feed for the larvae. The rotifers were fed a 

microencapulated diet of 'Frippak Booster' 5 - 20 um diameter (Frippak 

Feeds, Oakwell Way, Birstall, Batley, West Yorkshire, WF17 9LU, 

England) to boost highly unsaturated fatty acid (HUFA) composition, 

namely 22:6w3 or 20:5co3 (Rimmer and Reed 1989, Dhert et al. 1990). 

Low dietary levels of HUFA's have been suggested as the cause of high 

mortality in barramundi larvae (Sorgeloos et al. 1988, Dhert et al. 1990, 

Rimmer et al. 1994). Rotifers were added to 3-L plastic soft drink bottles at 

4 million rotifers/L with 1.0 g dry weight of microcapsules/L for 4 hours and 

2 million rotifers/L with 0.2 g dry weight of microcapsules/L for 20-22 hours 

for the afternoon and morning feeds respectively. 

'Aquarium Products' brand containing brine shrimp cysts of the 

Colombian strain were used in these experiments (origin Colombia; 

supplied by,  Aquarium Products, 180L Penrod Court, Glen Burnie, 
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Maryland 21061, USA). The cysts were hatched daily in 40-L conical 

bottomed fibreglass tanks filled with seawater and supplied with 

continuous aeration, heating and lighting. Cysts were allowed to hatch for 

24 hours and left a further 24 hours to allow absorption of the yolk. Nauplii 

were separated from the cysts and supplemented with Frippak 'Booster' in 

a hemispherical fibreglass tank to increase levels of HUFA's (Sorgeloos et 

al. 1988, Dhert et al. 1990, Rimmer et al. 1994). Larvae were fed the 

supplemented nauplii after 4 hours (afternoon feed) and 24 hours 

(morning feed) supplementation. 

Larval preservation and measurement 

All barramundi larvae, rotifers and brine shrimp nauplii collected 

during each experiment were preserved in 5% buffered formalin (Hunter 

1985) for later measurement due to the relatively short barramundi 

breeding season (October to March) and the number of experiments 

conducted during this period. Regurgitation of prey was investigated for 

barramundi larvae placed in 5% buffered formalin. Three beakers were 

filled with filtered seawater from the hatchery system. Ten larvae were 

added to each beaker from a rearing tank at day 4 and 16. Larvae were 

then removed from the beaker and placed into a beaker with 5% buffered 

formalin until there was no movement. Larvae were removed and the gut 

excised and examined for prey. The 5% buffered formalin was filtered 

through a 64 pm screen and examined for prey. While prey were found in 
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the guts, no prey were found in the 5% buffered formalin for either day 4 

or 16. 

Most measurements were made within two months of collecting the 

samples. However, for experiments 1 - 3 (Table 2.1), measurements 

occurred up to two years after sample collection. No disintegration in body 

wall or internal organs and gut contents in the larvae was noticed over this 

time. Shrinkage in length of larvae was not accounted for in these 

experiments due to the large number of samples to be processed and 

compared samples were preserved on the same day. TL of preserved 

larvae may be converted to actual TL using the table in Appendix 1 

(Kosutarak and Watanabe 1984a). 

TL of larvae was measured to the nearest 0.01 mm using an ocular 

graticule in a Wild M400 photomacroscope. Morphometric measurements 

on larvae, rotifers and brine shrimp nauplii were made using an ocular 

graticule in a Nikon Optiphot microscope. 

Statistical analyses 

Descriptive statistics, heterogeneity of variance, linear regression 

and analysis of variance (ANOVA) tests were made using the computer 

programs Statgraphics version 2.6 and Statistix version 4.0. Nonlinear 

regressions were performed using the computer programme Genstat 5. 

Summary data is presented in this thesis as mean ± standard error 
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of the mean (SE) or standard deviation (SD). A significance level of 5% 

was used for all statistical tests presented in this thesis. 

Heterogeneity of variance was tested using Cochran's C test for all 

comparisons between treatments for each experiment. Percentage 

survival and Specific Growth Rate (SGR %/day) data was first transformed 

using arcsine qx to normalise the distribution before applying ANOVA (Zar 

1984). Multiple comparisons between means (Zar 1984) was tested using 

Least Significant Difference (LSD). 
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CHAPTER 3 . DEVELOPMENT OF THE MOUTH AND ALIMENTARY 

CANAL. 

Experiment 1 

Introduction 

Extensive morphological, histological and physiological changes 

occur in the alimentary tract of teleosts as they grow from larvae to adults. 

Teleost larvae may be divided into three groups based on morphology and 

enzyme secretion into the gut (Dabrowski and Culver 1991). The first 

group contains larvae that have functional stomach before changing from 

endo- to exogenous food sources. The largest group is the second group 

were no functional stomach is to be distinguished during larval stage until 

metamorphosis to juveniles. The third group have no stomach present 

during the entire life of the fish. Knowledge of the timing of developmental 

stages in the alimental tract and enzyme secretions provides a basis for 

understanding nutritional and digestive ability during the growth of larval 

fish. 

Ontogeny of barramundi larvae has been described by Gosh 

(1973), Moore (1982) and Kosutarak and Watanabe (1984b) and for 

juveniles by De (1971), Gosh (1973), Moore (1982) and Kosutarak and 

Watanabe (1984b) and reviewed by Russell (1987). De (1971) provided 

basic morphological development of the digestive system for barramundi 

10 to 180 cm TL. Walford and Lam (1993) described morphological 

development of the alimentary tract in larvae from day 1 (1.60 mm TL) to 
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day 80 (60.67 mm TL). However, there is a lack of information on the 

change in length with development of the alimentary tract of barramundi 

larvae. Timing and size of the developing parts of the alimentary tract are 

important in determining the daily consumption rates of the larvae and 

changes that occur with age. 

Mouth development in fish larvae occurs towards the completion of 

endogenous food sources (Shirota 1970). The size of prey a teleost larva 

may consume is determined by the mouth size (Shirota 1970, Jenkins et 

al. 1984, Kane 1984); increasing prey size with increasing mouth size. 

The largest size to which the larva can open its mouth will determine the 

largest prey size that may be consumed (Hunter 1980). 

Mouth size at first opening and at initial feeding has been reported 

for barramundi larvae (Kosutarak and Watanabe 1984b, Lin etal.. 1985, 

Bagarinao 1986). De (1971) found barramundi larvae of 10.25 mm TL 

have a maximum mouth opening of 0.5 mm. A linear relationship was 

found between mouth gape and TL for barramundi larvae ranging from 3.1 

to 7.42 mm TL (Dhert et al. 1990). This relationship does not include 

larvae from when the mouth first opens at approximately 2.5 mm TL. 

The objectives of this study are to describe morphological 

development and differentiation of the alimentary tract and morphometric 

measurements of the alimentary tract in relation to TL for barramundi 

larvae. Relationships of different mouth measurements to TL are also 

defined for barramundi larvae. 

20 



Materials and methods 

Development of the alimentary tract 

Five larvae were sampled from a larval rearing tank at 0900 every 

two days from day 4 to 18. Further samples were collected at one hour 

before hatching, one hour after hatching (hah), six hah, 22 hah (day 2) 

and 27 hah beginning on 31 January 1991 and 12 March 1991. 

Photographs were taken with black and white film (Kodak 100 ASA 

1-MAX film) and drawings made of each larva and alimentary tract. 

Morphological development with age and TL was described. 

This thesis uses the alimentary tract morphological description of 

Govoni (1980), Govoni et al. (1986b) and Person - le Ruyet (1989). 

However, due to the ease of identification of the oesophagus through 

rapid expansion of the digestive tract width and the inability of the 

stomach and intestine to be distinguished morphologically, the stomach 

and intestine are described here as developing from the mid gut. Digestive 

tract segmentation was defined by the development of constrictions or 

ports in the digestive tract. 

Microscope measurements were made of larval TL, stomach length 

(from the oesophagus to pyloric port), intestine length (pyloric port to 

ileorectal port, Carrasson and Matallanus 1994), rectum length (ileorectal 

port to anus), midgut length (oesophagus to ileorectal port) and total gut 

length (oesophagus to anus, Mathias and Li 1982). Bucco-pharynx and 

oesophagus were not examined in this study as these areas are involved 
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only in the rapid transportation of the prey to the stomach (Smith 1989). 

Changes in hind gut, midgut and total length were compared in relation 

with age and TL of the larvae. 

Mouth gape 

Fifty larvae were sampled from two larval rearing tanks at 0900 

every two days from day 4 to 18. Measurements were taken of TL, jaw 

width (JW, Arumgam and Geddes 1987) and lower jaw length (JL, 

Dabrowski and Bardega 1984) with mouth closed. If the upper and lower 

jaw is assumed to be of equal length then jaw gape can be calculated for 

45° and 90° using the following formulas: 

J45 = 2xJLxSin(22.5°) 

J90 = .N/xJL 

where J45 is mouth gape at 45° and J90 is mouth gape at 90°. These 

equations assume that larval fish feed most frequently at mouth gapes of 

45° (Dabrowski and Bardega 1984) and have a maximum mouth gape at 

90° (Shirota 1970). Changes in jaw length, jaw width, mouth gape at 45° 

and at 90° were compared with age and TL of the larvae. Transformation 

using natural logarithms was applied to the length measurements to 

normalise increasing variation with growth of the larvae (Zar 1984). 
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Results 

Morphological development of the alimentary tract 

Major sequential morphological development of the digestive tract 

in barramundi larvae is shown in Figures 3.1 and 3.2. No evidence of 

digestive tract development could be found one hour before hatching. 

Posterior development of the digestive tract was evident one hour after 

hatching (hah, day 1 mean 1.60 mm TL). The developing incipient gut was 

thin walled and was developed to the posterior dorsal surface of the 

diminishing yolk sac (Figure 3.1 a). 

Six hah (day 1, mean 2.03 mm TL) the thin walled incipient gut was 

formed lying along the dorsal surface of the yolk sac (Figure 3.1 b). 

There was no difference in digestive tract development between 22 

hours (mean 2.43 mm TL) and 27 hah (mean 2.46 mm TL). By this time 

the yolk sac was approximately the same size as the oil globule. The 

incipient gut wall had thickened and there was no visual segregation 

(Figure 3.1 c). 

The anus and mouth were both formed and open by day 3 (mean 

2.50 mm TL). The digestive tract was beginning to loop though not 

crossed over (Figure 3.2 a). The ileorectal valve had formed dividing the 

digestive tract into the midgut and hind gut. The foregut is defined from 

the midgut by a rapid increase in the diameter of the midgut. The 

pancreas was present by day 3 lying along the looped midgut. The yolk 

sac was completely absorbed and the oil globule was enveloped by the 
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Figure 3.1. 	Alimentary tract development in larval Lates calcarifer. 

(a) Incipient gut of larva one hah. TL = 1.67 mm 

(b) Incipient gut of larva six hah. TL = 2.05 mm 

(c) Digestive tract of larva 22 hah. TL = 2.46 mm 

Key to abbreviations: 
IG = incipient gut 
	

OG = oil globule 
H = heart 
	

Y = yolk sac 
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liver cells and completely absorbed by day 5. 

From day 6 (mean 2.68 mm TL) to day 12 (mean 4.75 mm TL) no 

major morphological change occurred in the digestive tract (Figure 3.2 b). 

The digestive tract became twisted and looped and elongated in length. 

Posterior ventral lobes of the liver extended along the ventral coil of the 

midgut while the dorsal lobe extended around the foregut. 

A voluminous pouch developed day 14 (mean 6.92 mm TL) 

towards the anterior of the midgut. The pyloric port began developing at 

day 14 and was completed by day 16 (mean 7.85 mm TL) dividing the 

midgut into the stomach and the intestine (Figure 3.2 c). The smallest 

recorded larva in which a stomach had formed was 6.5 mm TL. The 

intestine began looping at day 14 and was completed by day 16. Pyloric 

caeca were not present in the last samples taken on day 18 (mean 7.74 

mm TL). 

Morphometric development of the alimentary tract 

Both TL and total gut length increased rapidly in the first 22 hah 

(Figure 3.3). Little change in TL and total gut length occurred between 22 

hah and 140 hah (day 6). An increase in the rate of increase in TL and 

total gut length occurred from day 6 to day 16. 

The bent stick model (Griffiths and Miller 1973) best describes the 

relationship between midgut length, rectum length and total gut length, 

respectively with TL (Figure 3.4). The model is described as follows: 
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Figure 3.2. 	Alimentary tract development in larval Lates calcarifer. 

(a) Digestive tract of larva four dah. TL = 2.54 mm 
(b) Digestive tract of larva six dah. TL = 2.83 mm 
(c) Digestive tract of larva 18 dah. TL = 8.65 mm 

Key to abbreviations: 
E = oesophagus 	L = liver 	R = rectum 
F = foregut 	MG = midgut 	S = stomach 
HG = hindgut 	OG = oil globule SB = swim bladder. 
I = intestine 	P = pancreas 
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Figure 3.3. 	Relationship between (a) TL and age and (b) total gut 
length and age of larvae examined. 
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y= a + b(x - m) + cV(x - m) 2  +d 2  

where the linear part of the model is described by a, b and c, m describes 

the point of inflection and d smooths the point of inflection. Total gut 

length, midgut length and hindgut length increased much faster than TL 

respectively between 2 and 3 mm TL (Figure 3.4). Rate of change in total 

gut length after 3 mm TL was the same as TL. The ratio of total gut length 

to TL was 0.55 between 3 and 9 mm TL. Rate of change in midgut length 

increased slightly faster than TL while change in hindgut length was 

slower with increasing TL. Points of flection are summarised in Table 3.1. 

A linear relationship was found between stomach length and TL 

(TL 6.5 to 9 mm, Figure 3.5a). No significant relationship was found 

between intestine length and TL with larvae between 6.5 and 9 mm TL 

(Figure 3.5b). 
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Figure 3.4. Plot of (a) midgut, (b) hind gut and (c) total gut 
development with TL in barramundi larvae. 
Relationships are described by 

(a) RatioMG 	= e-0.9488+3.70(LATL)-1.0116)-3.564 (thR)-1.0116? +0.0471' 

(n = 39, r2  = 0.858, F = 51.409) 

(b) RatioHG/ TL= 62153+0.684(Ln(11)-1.126)4816V(Ln(M)4126)240.1342 

(n = 39, r2  = 0.469, F = 7.300) 

(c) RatioTG / 	
e-0.523+1.715(Ln(TL)-1.0957)-1.774(Ln(T14-1.0857)40.1762 

(n = 51, r2  = 0.900, F = 103.701) 

where MG is midgut length, R is rectum length, TG is 
total gut length. 
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Figure 3.5. 	Plot of (a) the stomach and (b) the intestine length with TL in 
barramundi larvae. 

S = e-8.195+4.065(Ln(TL)) 

(n=14, r2  = 0.590, F = 17.260) 

where S is stomach length. 
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Mouth gape development 

The bent stick model (Griffiths and Miller 1973) uses the method of least 

squares which considers the vertical deviation of each point from the line 

(Zar 1984). Vertical deviation of the points from the line of best fit cannot 

exist when the line is 90 0  to the x-axis. The simplest way to over come this 

anomaly is to swap the x and y variables. It is more meaningful in the 

thesis to have TL as x-axis as this measurement has been used as the 

reference measurement. Therefore, using the model 

x = a + 8(y - + 7 1/(y - 	+ 8 2  to describe the bend stick model for the 

swapped x and y variables, where x is TL and y is the mouth 

measurement, the equation may be converted back to the original bent 

stick model using algebra. The constants from the original bent stick 

model are then described as follows: 

a=j.  

1  b- 	3  132 	7 2 

m =a 

d = 8 2 (3 2 	7 2 ) 

(Alan Lyle 1992, .Pers. Comm., QDPI Biometry Branch). 
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Table 3.1. 	Points of flection from bent stick models for gut morphology 
and jaw measurements. 
Key to abbreviations: MG = midgut; R = rectum; TG = total 
gut; J45 = jaw gape at 45'; J90 = jaw gape at 90 0 ; JL = jaw 
length; JW = jaw width. 

Variable to TL Ln (TL) TL 
(mm) 

Ratio MG/TL 1.012 2.75 

Ratio HG/TL 1.126 3.08 

Ratio TG/TL 1.057 2.96 

JL 0.9492 2.58 

JW 0.8856 2.42 

J45 0.9500 2.59 

J90 0.9147 2.50 

Mouth measurements increased rapidly with little change in TL 

reaching a point of flection and increasing at a slower rate with increasing 

TL (Figures 3.6 and 3.7). The points of flection occurred at approximately 

the same TL for all mouth measurements (Table 3.1). 

TL of larvae measured increased with age (Figure 3.8). JL and JW 

also increased with age of the larvae. 
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Figure 3.6. 	Development of (a) jaw length and (b) jaw width with TL 
in barramundi larvae. 

Relationship is described by: 

(a) 

J L = 

  

-0.8451+ 5.3959(Ln(TL)- 0.949184 )- 4.50971(Ln(TL)- 0.949184)' +0.0006666' 

(n = 703, r2  = 0.951, F = 3399.5) 

(b) 

JW = e 

  

-1.5793+ 8.9982(Ln( TL)-0.885569)-7.7854 4(Ln(TL)-0.8885569 ) 2  +0.007313' 

(n = 756, r2  = 0.944, F = 3159.2) 

where JL is jaw length, JW is jaw width. 
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Figure 3.7. 	Development of mouth gape at (a) 45° and (b) 900  with 
TL in barramundi larvae. 

Relationship is described by 

(a) 

J45 = 

  

e -1.1119 + 5.3245 (Ln(r14 • 0.949992)- 4 .43814(1.01)- 0.949992) 2 * 0 .000651 2  

(n = 703, r2  = 0.951, F = 3398.9) 

(b) 

J90 = 

  

e-0.5235+ 20.2823 (Ln(TL)- 0.9147)-19.40024(Ln(TL)- 0.9147) 2+ 0.0011187 2  

(n = 703, r2  = 0.950, F = 3355.5) 

where J45 is jaw gape at 45°, J90 is jaw gape at 90°. 
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Figure 3.8. 	Change in (a) TL, (b) JW and (c) JL with age of 
barramundi larvae. 
Thick bars indicate 95% confidence limits while thin bars 
indicate minimum and maximum values recorded. 
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Discussion 

Development of the digestive tract in barramundi larvae is similar to 

other planktivorous teleost larvae (Govoni et al. 1986b) . The digestive 

tract of the larvae is simple with a short gut length and is characteristic of 

larvae from small eggs. Larvae from large eggs have almost complete 

development of digestive tract by first feeding (Hunter 1980). Relatively 

fast digestion rates would be expected for barramundi larvae which would 

decrease with increasing length of gut and age (Hunter 1980, Wee 1992). 

Barlow et al. (1993) found timing of stomach evacuation rates for juvenile 

barramundi increased with increasing TL. 

The oil globule was totally absorbed by day 5, supporting the 

findings of Kohno et al. (1986) and Walford and Lam (1993). Liver cells 

were observed in this present study engulfing the oil globule. This has not 

been described before in the literature for barramundi and little detail is 

available on what happens to the yolk sac and oil globule during final 

absorption for barramundi. The yolk and oil globule of teleost larvae have 

been found to be absorbed straight into the vitelline membrane cells and 

not into thagut lumen (Bachop and Schwartz 1974, Avila and Juario 1987, 

Miyazaki and Fujiwara 1988). Further research is needed to determine if 

final yolk and oil globule absorption is similar to other teleost larvae. 

The finding in this present study of timing of rectum formation and 

digestive tract coiling confirms the finding of Kohno et al. (1986) to day 6. 

Physiological development of barramundi larvae found in this present 
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study also confirms the findings of Walford and Lam (1993) in relation to 

size but not timing of development. Growth rates from days 5 to 18 were 

much faster (2.80 - 12.32 mm TL) in the Walford and Lam (1993) study 

than in the present study. This indicates that ontogeny in barramundi is 

related to size not age of the larvae which is important when it comes to 

amount of prey consumed and timing of prey transition in feeding. This is 

further researched in Chapters 4, 5 and 8. 

In this present study, the age 'and TL of barramundi larvae at the 

development of the stomach, as defined by the development of the pyloric 

sphincter, was slower and at a smaller size than found by Walford and 

Lam (1993); day 16 and 7.85 mm TL in this study, and day 14 and 11.04 

mm TL for Walford and Lam (1993). The difference in day at size for 

stomach development between the two studies is explained by faster 

growth rates in the Walford and Lam (1993) study. Difference in TL at time 

of development of the stomach in the two studies is due to Walford and 

Lam (1993) including budding of caeca in their definition of stomach 

development. However, development of the voluminous pouch at 6.92 mm 

TL in this present study agrees with the findings of Walford and Lam 

(1993). Within one day of complete development of a Y-shaped stomach 

in barramundi at 11.5 mm TL, pH levels in the stomach changed from 

strongly alkaline to strongly acidic in the presence of food (Walford and 

Lam 1993). Protein digestion in barramundi larvae appears to occur 

slowly, before the development of the stomach, by both endogenous and 

exogenous sources of alkaline proteolytic enzyme. (Walford and Lam 
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1993). 

Storage of prey within the digestive tract of barramundi larvae 

before the development of the stomach is limited by the small amount of 

expansion in the gut wall and increase in mid - gut length. Considerable 

more prey would be expected to be consumed with the development of 

the stomach, which can increase to a much greater size compared to the 

mid gut. An increase in growth rate through increased amount of prey 

available to be ingested would also be expected with the development of 

the stomach. Amount of prey ingested is further researched in Chapter 4. 

Regular monitoring of size, therefore, needs to be carried out in the 

hatchery to determine when barramundi larvae have reached this 

development stage and prey amounts added to the rearing tanks may 

need to be increased. Change in the amount of prey required by 

barramundi larvae is further researched in Chapter 8. 

The sequence of development of the swimming, feeding and 

alimentary tract characteristics for barramundi are summarised in Figure 

3.9. Development of most internal and external characteristics of 

barramundi larvae occurs during metamorphosis. A change in feeding 

behaviour would be expected at metamorphosis with improved swimming 

and digestion ability of the larvae. Fukuhara (1985) found a change in 

feeding behaviour of red sea bream Pagrus major larvae during 

metamorphosis. Change in feeding behaviour from a roving planktivor to a 

lurking predator was found with increasing age of barramundi juveniles 
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Figure 3.9. 	Sequence of development in swimming, feeding and 
digestive tract characteristics in barramundi larvae. 

Dotted line is developing period. Dashed line is transition 
period. Solid line is full development. 

Source: De 1971, Ghosh 1973, Moore 1982, Kosutarak 
and Watanabe 1984b, Lin etal. 1985, Kohno etal. 1986 
and the present study. 
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(Barlow et al. 1993). Information, however, is lacking in changes in 

feeding behaviour of barramundi with age during the larval stage and is 

further researched in the following chapters. 

The present study found a linear relationship between mouth gape 

and TL. This agrees with the findings of Dhert et al. (1990) who found a 

linear relationship for barramundi larvae between 3.1 and 7.44 mm TL in 

mouth diameter (MD) and TL represented by the following equation: 

MD = 116.4499 TL - 90.0996 

Size of prey would be expected to increase with increasing mouth length 

(Shirota 1970, Hunter 1980, Checkley 1982). Increasing prey size with 

mouth gape is further researched in Chapter 5. 

Barramundi first feed at day 2 or TL of 2.5 mm (Kosutarak and 

Watanabe 1984b, Lin et al. 1985) with a mouth gape at first opening of 

250 pm (Bagarinao 1986). This agrees with the findings of the present 

study. A rapid increase in mouth gape in relation to TL, as found in this 

present study, was not expected as Dhert et al. (1990) found a linear 

relationship between mouth gape and TL for barramundi larvae. The 

difference between the findings of this present study and those presented 

by Dhert etal. (1990) is due to this present study including mouth gape of 

larvae smaller than the minimum TL described by Dhert et al. (1990) of 3.1 

mm TL. A similar bent stick model for the relationship between mouth 

gape and TL has also been described for red seabream Pagrus major 

larvae (Kohno et al. 1983) and shown but not described for golden perch 
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Macquaria ambigua larvae (Arumugam and Geddes 1987). These larvae 

also show a rapid increase in mouth gape with little change in TL. Larvae 

would be able to consume a larger sized prey with this rapid increase in 

mouth gape with little change in TL. The timing of consuming larger sized 

prey is further investigated in Chapter 5. 
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CHAPTER 4 . DIURNAL FEEDING PATTERNS OF BARRAMUNDI 

LARVAE. 

Experiment 2 

Introduction 

To optimise feeding techniques of barramundi larvae, it is important 

to know the diurnal feeding habits of the larvae. Little research has been 

carried out on diurnal feeding activity of larval fish under intensive culture 

conditions; most research has concentrated on teleosts in natural 

conditions (eg. Ryland 1964, Kane 1984, Scrimgeour and Winterbourn 

1987). 

Fish larvae are generally visual feeders and thus require daylight 

for feeding (Last 1978, Degnbol 1982, Kane 1984, Hara et al. 1986). 

Vision of larvae improves as the larvae grow through development of 

retinal cone cells and retinomotor pigment movement in the eyes (Blaxter 

1968 a, b). Larval feeding activity may change from daylight feeding to 

night-time feeding with these changes in visual apparatus (Hara et al. 

1986, Lagardere 1987). 

Juvenile barramundi are fed inert food (pellets) under intensive 

culture, the timing of feeding by the fish depending on when the farmer 

feeds; usually during daylight hours. Barramundi larvae, however, are fed 

live prey in intensive culture conditions, which should be available 24 

hours a day. The time when the larvae can feed should be subject to light 

conditions in the hatchery, if barramundi are visual feeders requiring light 
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to feed. Diurnal feeding activity of fingerling barramundi reared in an 

extensive pond situation was found to be crepuscular; fingerlings fed 

during daylight hours with a peak in feeding activity prior to dusk (Barlow 

et al. 1993). 

This experiment compares the density and type of prey found in the 

larval rearing tanks to the number and type of prey found in the digestive 

tract of the barramundi larvae over time to show diurnal feeding patterns. 

Results of this experiment were used to identify areas where improvements 

in feeding needed to be optimised to match the behaviour of barramundi 

larvae. These areas were further researched in this thesis (See Chapters 5, 

6, 7 and 8). 

Materials and Methods 

Fifty larvae were collected from each of two 1200-L larval rearing 

tanks every three hours for 48 hours starting at 0900 on days 4, 8, 12 and 

16 post hatch. Due to the low numbers of larvae available, larvae sampled 

from day 4 - 6 were taken from one spawning batch (Batch 1, Table 4.1) 

while the remaining samples were taken from a second spawning batch 

(Batch 2, Table 4.1). A pipette was used to take three 10 ml samples of 

water (containing prey) from each tank at each sampling time to estimate 

prey density. The water in the tanks were swirled before each collection to 

produce an even distribution of larvae and prey. 
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Table 4.1. 	Estimated number and density of barramundi larvae at 
commencement of diurnal sampling for two batches of 
larvae. 
Density of barramundi larvae in each tank is presented in 
parentheses. 

Batch 	 Tank 
1 	 2  

1 	 23000 	 22600 
(25.5/L) 	 (25.1/L) 

2 	 33500 	 84300 
(37.21L) 	 (93.61L) 

All samples were preserved (Chapter 2) for later processing. 

Feeding times and densities of the food types in each larval rearing tank 

for days 4 - 14 are shown in Table 4.2. Grading of larvae to separate 

smaller larvae from larger larvae was carried out on day 15 to reduce the 

incidence of cannibalism according to standard hatchery procedure 

(Tattanon and Tiensongrusmee 1984). The smaller larvae were placed in 

Tank 1 while the larger larvae were placed in Tank 2. Feeding times and 

densities of the food types in each larval rearing tank for days 16- 18 are 

shown in Table 4.3. Water quality was monitored throughout the 

experiment. Photoperiod was set by lighting turned on at 0800 and off at 

1700, and by natural lighting from skylights. The natural photoperiod 

changed from 12.7 hours on day 4 to 12.9 hours on day 18. Moon phase 

changed from new moon at day 8 to full moon by day 18 of the 

experiment. 

TL of each larva was measured and the digestive tract (from the 

post pharynx region to the anus) was removed from the larva and the 
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Table 4.2. Time and density of prey fed to barramundi larvae from day 
4 to 14 in two larval rearing tanks. 

Day Feeding time Prey type Prey density 
(No./m1) 

4 0700 Rotifer 6.0 

1530 Rotifer 12.0 

5 0800 Rotifer 6.0 

1530 Rotifer 12.0 

6 0830 Rotifer 6.0 

8 0700 Rotifer 6.0 

1330 Rotifer 12.0 

Brine shrimp nauplii 1.0 

9 0700 Rotifer 6.0 

1300 Rotifer 12.0 

1400 Brine shrimp nauplii 1.7 

10 0700 Rotifer 6.0 

0730 Brine shrimp nauplii 2.4 

12 0700 Rotifer 6.0 

Brine shrimp nauplii 1.0 

1500 Rotifer 5.0 

Brine shrimp nauplii 1.3 

13 0730 Rotifer 3.0 

Brine shrimp nauplii 1.6 

1500 Rotifer 5.0 

Brine shrimp nauplii 1.7 

14 0830 Brine shrimp nauplii 2.0 
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Table 4.3. 	Time and density of prey fed to barramundi larvae from day 
16 to 18 in two larval rearing tanks after grading. 

Day Feeding time Prey type Prey density 
(No./ml) 

16 0700 Brine shrimp nauplii (1)  1.4 

Brine shrimp nauplii (2)  1.1 

1400 Brine shrimp nauplii 1.2 

17 0720 Brine shrimp nauplii 1.4 

. 	1300 Brine shrimp nauplii (1)  1.6 

Brine shrimp nauplii (2)  1.0 

18 0730 Brine shrimp nauplii 1.2 

(1)Tank 1 
(2)Tank 2 

number of each prey type in the digestive tract was counted. Incomplete 

prey were counted only if the anterior section of the prey was present. 

Incidence of cannibalism was noted and a TL measurement made on any 

barramundi larva found in the digestive tract. 

Samples taken for estimation of prey density were strained through 

60 pm screen and washed into a partitioned dish. Prey items present in 

the dish were identified as either rotifers or brine shrimp nauplii and 

counted. 
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Table 4.4. 	Range of water quality parameters recorded during the 
experiment. 

Parameter 	Unit 	Range 

(min - max) 

Salinity 	 (%0) 	28.1 - 30.4 

Temperature 	(°C) 	28.5 - 29.5 

pH 	 8.0 - 8.2 

NH 3  - N 	 (mg/L) 	0.0 - 0.2 

NO2-  - N 	 (mg/L) 	<0.2 

NO32-  - N 	(mg/L) 	<10 

Vacuity factor was used as an index of digestive tract fullness 

(Reyes- Marchant etal. 1992). 

Vacuity factor No. of empty guts - 	  x100 
No. of guts examined 

A vacuity factor of 100% means all larvae sampled had empty digestive 

tracts while a value of 0% means at least one prey item was found in the 

digestive tract of all larvae sampled. 

Results 

Water quality 

Table 4.4 shows the range of the water quality parameters as 
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recorded in the larval rearing tanks. NH 3  - N, NO2-  - N and NO 32-  - N levels 

were not detectable by the tests employed (see Chapter 2, General 

Methods) and were therefore substantially lower than the minimum 

suitable concentrations for barramundi larval rearing of 2 mg/L NH 3  - N, 6 

mg/L NO2-  - N and 150 mg/L NO32-  - N listed by Tattanon and 

Tiensongrusmee (1984). Salinity, temperature and pH were also within the 

ranges recommended or used by other authors (Kungvankij and 

Suthemechaikul 1986, Ruangpanit 1987, Russell et al. 1987, Tattanon 

and Tiensongrusmee 1984). 

Growth of barramundi larvae  

Mean TL of larvae sampled increased with age in both larval 

rearing tanks (Figure 4.1). The size range of larvae and 95% confidence 

limits associated with the means also increased with age. Because larvae 

in the two rearing tanks were graded on day 15 there was a difference in 

the size of barramundi in the two rearing tanks from day 16 onwards 

(Figure 4.1). 

Diurnal feeding activity of the larvae  

From the start of sampling on day 4, barramundi larvae exhibited 

diel feeding activity in both rearing tanks; successful feeding occurred 

during hours of light (Figure 4.2). No prey were found in the guts of the 

larvae 3 hours after the last sample prior to dark at 1806 giving an 

48 



Figure 4.1. 	Growth of barramundi larvae in Tank 1 and Tank 2. 

Central points indicate the mean of each sample, thick 
bars indicate 95% confidence limits, and the thin bars 
indicate the size range of larvae sampled. 
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Figure 4.2. Fluctuations in prey density in the rearing tank and 
percentage vacuity factor in the larval gut over 48 hours 
commencing on day 4 in Tank 1 and Tank 2. 
Bars on prey density represent 95% confidence limits. 
Hours of light and dark are represented by bars of white 
and black. Arrows indicate times of feeding. 
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estimated gut evacuation rate of less than three hours; prey consumed 

before dusk were digested and excreted prior to the next sample. Peak in 

feeding activity did not appear to coincide with feeding times for tank 1 but 

did appear after the 1530 feed on day 5 for tank 2. The percentage 

vacuity factor at peak feeding declined from 20 - 40% on day 4 to 4 - 8% 

on day 6. Prey were present in all samples for both tanks over the 48 

hours from day 4 to 6. All larvae were feeding only during hours of light for 

the 48 hours beginning day 8 for both larval rearing tanks (Figure 4.3). 

Complete digestion and excretion of prey by larvae took place between 

the last sample before darkness and the first sample in the dark, as found 

in samples taken beginning day 4. 

Diel feeding activity was less defined over the 48 hours in both 

rearing tanks starting day 12 than previously found commencing day 4 

and day 8 (Figures 4.2, 4.3 and 4.4). Larvae were found containing prey, 

which were in a well-digested state, during hours of darkness. Percentage 

vacuity factor initially declined after each addition of prey to the tanks. No 

peaks in prey density occurred with the addition of prey to the rearing 

tanks. By 1200 on day 13, all prey were being consumed from the tanks 

prior to the next feed. 

No prey could be found at each sampling time over the 48 hours for 

either tank beginning day 16 (Figure 4.5). All prey were being consumed 

from the tanks between the time the feeding time and the sampling time; 

time between feeding and sampling ranged from 1 - 2 
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Figure 4.3. Fluctuations in prey density in the rearing tank and 
percentage vacuity factor in the larval gut over 48 hours 
commencing on day 8 in Tank 1 and Tank 2. 
Bars on prey density represent 95% confidence limits. 
Hours of light and dark are represented by bars of white 
and black. Arrows indicate times of feeding. 
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Figure 4.4. Fluctuations in prey density in the rearing tank and 
percentage vacuity factor in the larval gut over 48 hours 
commencing on day 12 in Tank 1 and Tank 2. 
Bars on prey density represent 95% confidence limits. 
Hours of light and dark are represented by bars of white 
and black. Arrows indicate times of feeding. 
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Figure 4.5. Fluctuations in prey density in the rearing tank and 
percentage vacuity factor in the larval gut over 48 hours 
commencing on day 16 in Tank 1 and Tank 2. 
Bars on prey density represent 95% confidence limits. 
Hours of light and dark are represented by bars of white 
and black. Arrows indicate times of feeding. 
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hours. Diurnal feeding activity could not be determined at this age as prey 

were not present continuously over the 48 hours in either larval rearing 

tank. 

Only 15% of larvae sampled were consuming brine shrimp nauplii 

in both tanks by day 10. At the final rotifer feed on day 14 (Table 4.2), 

88% and 84% of larvae in tanks 1 and 2 respectively were still consuming 

rotifer. Percentage of brine shrimp nauplii being consumed at this final 

rotifers feed were 68% and 78% for Tank 1 and Tank 2 respectively. 

Incidence of cannibalism  

Cannibalism was only recorded on days 16 to 18 in Tank 1. 

Coefficient of variation showed increasing variation in TL with age of 

larvae in the tanks (Figure 4.7). The size of the consuming larvae ranged 

from 6.5 to 9.2 mm TL. Size of larvae consumed ranged from 2.13 to 4.09 

mm TL, which represented 27.3 to 50.7% of TL of consuming larvae. 

Discussion 

The results of this experiment clearly indicate that barramundi 

larvae are visual feeders initially requiring daylight light levels to feed. This 

agrees with the findings for other teleost larvae (Ryland 1964, Blaxter 

1968 a and b, Blaxter 1969, Kiyono and Hirano 1981). Barramundi larvae 

exhibited no peaks in feeding after dawn and prior to dusk with the 
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Figure 4.6. 	Change in coefficient of variation in TL with age for Tank 1 
and Tank 2. 
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sampling program used in this present study. However, other species of 

fish larvae feeding during daylight hours appear to exhibit only one peak in 

feeding occurring at dusk (Last 1978, Kane 1984, Kissick 1987). Juvenile 

barramundi (mean size of 15.8 mm TL and 37.2 mm TL) exhibited a peak 

in feeding activity occurring before sunset in an extensive pond situation 

(Barlow et al. 1993). 

A change in feeding behaviour occurred beginning day 12 with the 

presence of prey in larval guts during hours of darkness. The moon was 

waxing during this time from 17% full on day 12 setting at 2230 and 25% 

full on day 13 setting at 2320. Barlow et al. (1993) also found juvenile 

barramundi to continue feeding during the presence of a waxing moon. No 

prey were present in the larval guts after the moon had set for both nights 

and tanks except in tank 2 on day 12. Lights turned on during sampling 

may have been on long enough for larvae to begin feeding in this tank as 

tank 2 was always sampled after tank 1. This suggests feeding times for 

barramundi larvae may be increased using extended photoperiod. This 

hypothesis is further researched and the results presented in Chapter 6. 

This present study showed that the method of intensive rearing of 

barramundi larvae being used at NFC was limiting the food intake of the 

larvae and therefore potentially retarding growth. Peaks in amount of 

ingested prey coinciding with feeding times became more prominent with 

age for barramundi larvae. The maximum mean amount of rotifers 

consumed at any sample time during this experiment was lower than that 

reported by Pechmanee et al. (1985) for barramundi larvae fed at optimal 
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rotifer densities (Table 4.4). The maximum mean number of rotifers 

consumed in this study was similar to the mean number of rotifers 

ingested at densities of 1-2/m1 (Pechmanee et al. 1985). Because brine 

shrimp nauplii were completely consumed within an hour after feeding at 

day 16 and completely excreted within a further three hours, optimal 

amounts of brine shrimp nauplii were not being maintained in larval 

rearing tanks. These conditions could cause sub-optimal growth. Llobrera 

and Parado - Estepa (1992) found that brine shrimp nauplii density did not 

influence ingestion rate in barramundi larvae though the amount of brine 

shrimp nauplii ingested increased with TL. Maximum brine shrimp nauplii 

densities producing optimal growth was examined experimentally and the 

results presented in a latter chapter (see Chapter 8). 

In this study, feeding activity appeared to increase with increasing 

age of the larvae. The feeding activity for rabbitfish Siganus guttatus 

larvae reared in the laboratory increased with growth; active feeding (50% 

with prey in gut) changing from 0620 for day 9 larvae to 0500 by day 21 

(Hara etal. 1986). In this present study, the length of feeding activity and 

how it changes with age may not be adequately defined due to the 

sampling program of every three hours used in this study. Further, 

changing prey densities due to larvae consuming prey is also affecting 

when barramundi larvae feed. The effect noticeably increases with age of 

the larvae. Further research is needed to describe the changes in feeding 

activity length with age for barramundi larvae. 
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Table 4.5. 	Density and amount of rotifers and brine shrimp nauplii 
consumed by barramundi larvae. 

Study Prey 

Type 

Day Prey 

Density 

No ./m1) 

Mean No. 

Ingested Prey 

Experiment 2 Rotifer 4 - 5 6- 12 1.62- 1.79 

7 - 8 6-12  5.24 - 6.48 

10 - 11 6-12  7.16 - 7.22 

13 - 14 6-12  1.04 - 7.74 

Pechmanee et 4 - 5 4 12 

al. (1985) 7 - 8 8 27 

10 - 11 12 35 

13 - 14 >32 124 

Experiment 2 Brine 8 1.0 0 

shrimp 9 1.7 0.12 

nauplii 10 2.4 0.12 - 0.3 

12 1.0- 1.3 2.28 - 3.32 

13 1.6 - 1.7 5.56 - 7.94 

14 2.0 9.66- 14.28 

16 1.1 - 1.4 20.96 - 28.84 

17 1.0- 1.6 16.48 - 35.60 

18 1.2 10.52 - 16.06 

Fermin (1991) 15 ad 9.00 

20 libitum 11.29 
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In the present study, cannibalism was recorded in larvae as small 

as 6.5 mm TL with maximum prey size of 50.7% of predator TL. Lin et al. 

(1985) reported cannibalism in barramundi occurred only in larvae greater 

than 10 mm TL. Cannibalistic individuals from wild stocks of barramundi 

have also been reported to have a maximum prey size of 50% of predator 

TL, although fish only became present in the diet at 11 to 20 mm TL 

(Davis 1986). Maximum prey size of up to 67% of predator TL has been 

found in cannibals occurring in hatchery reared barramundi with an 

increasing linear relationship between prey size and predator size (Parazo 

etal. 1991). 

If 67% is assumed to be the maximum prey to predator length that 

can occur for barramundi cannibalism and the mean size at first feed is 

2.4 mm TL, then the minimum Size a barramundi larva may become 

cannibalistic is 3.6 mm TL. In this study, barramundi larvae reached this 

size by approximately day 9. However, a 33% size range of larvae only 

starts occurring in the tanks by approximately day 10. Cannibalism was 

not recorded at this age possibly due to adequate amounts of food 

available over 24 hours. However, inadequate food levels were occurring 

in the tanks by day 13, which may explain the increased cannibalism 

occurring on days 16 to 18. 

Cannibalism may have been further encouraged in the tanks due to 

the early introduction of brine shrimp nauplii into the tanks at day 8; by day 

10 only 15% of larvae were consuming brine shrimp nauplii. More energy 
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is obtained from larger food (Hunter 1980) and the energy content is 

higher in brine shrimp nauplii than rotifers; energy content of lnstar II and 

Ill in Great salt lake strain of brine shrimp nauplii is 33.9 x 10 -3  

joules/individual (Vanhaecke et al. 1983) and for rotifers is 3.348 x 10-3  

joules/individual (Theilacker and McMasters 1971). Therefore, those 

larvae that are able to ingest brine shrimp nauplii will grow faster than 

larvae still feeding on rotifers. This problem may be overcome by delaying 

the time of feeding of brine shrimp nauplii to a time when the majority of 

larvae are of a size able to consume brine shrimp nauplii. The size and 

age of barramundi larvae able to feed on brine shrimp nauplii is further 

discussed in Chapter 5. 

Similarly, those larvae that start feeding on rotifers first will be able 

to quickly reach a size able to consume brine shrimp nauplii. One factor 

governing the time of initial feeding and continued high feeding success is 

visibility of prey to the larvae. The present study showed barramundi 

larvae to be visual feeders requiring daylight to feed. Extending the day 

length may increase the time the larvae have to find the prey. This is 

further examined in Chapter 6. Visibility of prey may also be increased by 

increasing the contrast between prey and background surroundings and 

this hypothesis is explored further in Chapter 7. 
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CHAPTER 5 . PREY SELECTION AND PREY SIZE RELATIONSHIP 

WITH LARVAL SIZE. 

Experiment 3 

Introduction 

Selection of prey by teleost larvae depends on predator specific 

characteristics such as visual perception, ability to recognise and capture, 

and on prey specific characteristics, such as size, shape, colour, 

locomotion and prey density. The primary characteristic determining prey 

selection is generally perceived to be prey size (Checkley 1982, 

Dabrowski and Bardega 1984, Mathias and Li 1992). Prey size must be 

smaller than mouth width or gape of the larvae for ingestion to occur 

(Shirota 1970, Checkley 1982). 

It is important in aquaculture to determine at what age and size the 

larvae are able to capture and ingest larger sized prey. Nutritional value of 

the prey increases with increasing prey size consumed which represents 

an increase in growth rate (Hunter 1980). Cost of production of larvae may 

be decreased by knowing when larger sized prey may be added to the 

rearing tanks and addition of smaller sized prey ended. 

Very little information is available in the literature on size related 

prey selection by barramundi larvae. De (1971) found barramundi (10 - 15 

mm TL) living in tidal pools consume mostly copepods. Dhert et al. (1990) 

examined the change in selection for three strains and sizes of brine 

shrimp nauplii for barramundi larvae. Increasing prey size has been found 
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in barramundi larvae reared in fertilised marine ponds (M. Rimmer and M. 

Pearce unpublished observation). 

Only 15% of larvae were consuming brine shrimp nauplii by day 10 

even though nauplii were added to the barramundi larval rearing tanks at 

day 8 (Chapter 4). Larvae may have been too small to feed on brine 

shrimp nauplii at day 8. The purpose of the following experiment is to 

examine changes in size of prey selected in the rearing tanks with age 

and size of barramundi larvae for the present feeding procedure used at 

NFC (Chapter 2, Materials and methods). The size and age at which larval 

food preference changes from rotifers to brine shrimp nauplii, and the time 

when addition of rotifers to the rearing tanks may be ended is determined 

from this relationship. 

Materials and Methods 

Larvae sampled from two larval rearing tanks at 0900 on days 8, 9, 

10 and days 12, 13 and 14 in Experiment 2 (Chapter 4) were used in this 

analysis. These sampling times coincide with rotifers and brine shrimp 

nauplii being present in the tanks. Prey collected from the rearing tanks at 

these sample times in Experiment 2 were also used for prey 

measurements. The methods of larval and prey collection and 

preservation are described in Experiment 2 (Chapter 4, Materials and 

methods). 
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TL of 50 larvae from each sample period was determined and prey 

items in the whole digestive tract were excised for counting and 

measurement. Four states of digestion have been described (Scrimgeour 

and Winterbourn 1987): 

(1) fresh; prey items intact with internal tissue 

(2) partially digested; some loss of internal tissue 

(3) digested; only small traces of internal tissue present 

(4) well digested; no internal tissue apparent. The exoskeleton 

of rotifers and brine shrimp nauplii is only present in gut. 

Body length measurements on prey ingested were made on a maximum 

of five of each prey type fitting digestive states' one and two. These two 

digestive states were used due to possible shrinkage of prey during 

prolonged digestion. 

Measurements of the maximum width and length of the lorica were 

made on a maximum number of 50 rotifers sampled from the tanks (Serra 

and Miracle 1983). The thorax diameter, body length and maximum width 

including appendages were measured on the brine shrimp of freshly 

hatched, 24 hour starved and 24 hour supplemented (Chapter 2). 

Bray and Curtis index of dissimilarity (Nogrady 1982), which is also 

called Kulezynski's similarity index (Grant et al. 1985), was used to 

compare prey selection with age of the larvae. An index value of 1 

indicates no similarity between percentage of prey types consumed and 

percentage of prey types in the tank. 

It is more meaningful to refer to maximum prey width (including 
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appendages) than prey length (Hunter 1980). Body length of prey is, 

however, a good indicator of when size when larvae can consume prey at 

any orientation. The measurements of rotifers and brine shrimp nauplii 

were used with the morphometric relationships found between mouth 

gape and TL to predict the size the larvae may begin feeding on the prey. 

These estimated sizes were compared with size of prey consumed by 

larvae in the tanks. 

A frequency distribution was made of TL of larvae that consumed 

rotifers as the maximum prey length in the gut and brine shrimp nauplii as 

the maximum sized prey in the gut. Comparison of the two distributions for 

rotifers and brine shrimp nauplii between the two tanks was made using 

Kolmogorov - Smirnov goodness of fit test (Zar 1984). The computer 

program Splus (Version 3.3) was used to fit the distribution curves to the 

data. 

Results 

Prey selection with time  

Between days 8 and 14, the mean lengths of rotifers and brine 

shrimp nauplii consumed by the larvae were significantly smaller than the 

mean length of the prey population in the tank (Figure 5.1). Mean length of 

brine shrimp nauplii consumed increased with age of the larvae although 

there was no change in length of brine shrimp nauplii. The highest 
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Figure 5.1. Mean rotifers (circle) and brine shrimp nauplii (triangle) 
length in the gut (solid line) and tank (dashed line) for (a) 
Tank 1 and (b) Tank 2 over time. 
Bars indicate 95% confidence limits about the mean. 
* indicates a significant difference (P<0.05) between 
mean prey length in the tank and gut on the particular 
day for rotifers and brine shrimp nauplii respectively. 

66 



a 

600 - 

• 200 - 

8 10 	 12 
	

14 

• Rotifer 
• Brine shrimp nauplii 

Tank 
	 Gut 

0— 

• • 	 

0 

- 1000 - 

Pr
ey

  le
ng

th
 (g

m
)  

800 - 

400 - 

0 

Time (days) 

1000 - 

800 - 

600 - 

400 - 

200 - 

	• 	• 



Figure 5.2. 	Proportion of rotifers and brine shrimp nauplii (a) in the gut 
(b) in the tank, (c) Bray - Curtis Dissimilarity Index and (d) 
mean TL of larvae from day 8 to day 14. 
Bars indicate minimum and maximum range of TL. 
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Table 5.1. 	Body length and maximum width of rotifer lorica. 

Rotifer 

measurement 

Mean ± SE 

(jtrn ) 

n min - max 

(Jim
) 

Maximum width 

Body length 

165.5 ± 1.5 

262.2 ± 2.2 

330 

330 

110 - 225 

165 - 390 

dissimilarity between percentage composition of prey types ingested and 

percentage of prey types in the tanks occurred at day 10 (Figure 5.2). This 

was because the larvae were only consuming rotifers even though there 

was a high percentage of brine shrimp nauplii present. There was little 

dissimilarity between percentage prey type ingested and percentage prey 

type in the tank by day 12 (mean 4.14 mm TL). 

Prey selection with TL 

Results of rotifer lorica length and maximum width measurements 

are shown in Table 5.1. TL of larvae able to consume rotifer was predicted 

using the equations for mouth gape at 45° and 90° and mouth width in 

relation to TL (see Chapter 3) and the rotifer measurements (Table 5.2). 

There is little difference between the predicted TL of larvae from the three 

jaw measurements using maximum rotifer width. Mean TL a larva may 

begin consuming rotifer from any orientation ranges from 2.45 - 2.90 mm 
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Table 5.2. 	Estimated size of barramundi larvae able to consume 
different size rotifers using the different rotifer and larval jaw 
measurements. 

Rotifer 
	

Larval jaw 	Mean TL 
	

min - max 

measurement 	measurement 	(mm) 
	

(mm) 

Maximum width 	Gape 45° 	2.40 	2.34 - 2.62 

Gape 90 0 	2.42 	2.31 - 2.50 

JW 	2.42 	2.40 - 2.44 

Body length 	Gape 45° 	2.96 	2.40 - 4.07 

Gape 90° 	2.54 	2.41 - 3.16 

JW 	2.45 	2.42 - 2.49 

TL. 

Change from rotifers to brine shrimp nauplii for barramundi larvae 

was predicted using maximum width, body length and width of nauplii. 

Maximum width and body width of brine shrimp nauplii did not change 

greatly between hatched, starved and supplemented nauplii (Table 5.3). 

Length of the second antennae, used for locomotion, was noted to 

increase with increasing body length. Body length of nauplii, however, 

more than doubled from hatching to supplementary fed nauplii (Table 5.4). 

The minimum size that a larva may start consuming supplemented brine 

shrimp nauplii is 2.55 mm TL. With an average mouth gape of 45°, larva 
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Table 5.3. 	Size of brine shrimp nauplii at hatching, after 24 hour's 
starvation and after a further 24 hour's supplementation. 

Nauplii Measurement Mean ± SE 

(pm) 

n min - max 

(pm ) 

Hatched Body length 476.9 ± 5.4 20 400.0 - 500.0 

Maximum width 585.6 ±15.0 20 425.0 - 662.5 

Body width 188.8 ± 3.6 20 162.5 - 212.5 

Starved Body length 848.8 ± 12.8 20 725.0 - 950.0 

Maximum width 556.9 ± 10.6 20 475.0 - 612.5 

Body width 206.3 ± 4.4 20 162.5 - 250.0 

Supplemented Body length 982.0 ± 15.1 20 850.0 - 1137.5 

Maximum width 531.2 ± 11.1 20 462.5 - 625.0 

Body width 228.1 ±6.0 20 162.5 - 262.5 

could begin consuming supplemented brine shrimp nauplii at 4.45 mm TL. 

Similar results were found for hatched and starved brine shrimp 

nauplii. Using the equation for mouth width (See Chapter 3), a predicted 

mean TL of larva of between 5.23 and 5.66 mm TL was found for larva 

consuming supplemented, starved and hatched brine shrimp nauplii. The 

minimum size a larva is predicted to begin consuming supplemented brine 

shrimp nauplii from any orientation is 4.45 mm TL (Table 5.4). Using a 45° 

mouth gape, larvae would not start feeding on supplemented brine 
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Table 5.4. 	Estimated TL of barramundi larvae able to consume different 
size brine shrimp nauplii based on brine shrimp nauplii 
measurement at different ages and larval jaw 
measurements. 

Brine shrimp nauplii 

Measurement 	Age 

Barramundi larvae 

Jaw 	Mean 	min - max 
measurement 	TL (mm) 

(mm) 

Body length Hatched Gape 45° 3.94 3.25 - 4.16 

Gape 90 0  2.51 2.49 - 2.53 

JW 4.79 4.16 - 4.98 

Starved Gape 45 0  7.55 6.32 - 8.57 

Gape 90° 3.78 3.18 -4.29 

JW 7.65 6.73 - 8.38 

Supplemented Gape 45° 8.89 7.56 - 10.49 

Gape 90° 4.45 3.79 - 5.25 

JW 8.61 7.66 - 9.70 

Maximum width Hatched Gape 45° 4.97 3.47 - 5.71 

Gape 90° 2.62 2.50 - 2.90 

JW 5.66 4.37 - 6.26 

Starved Gape 45° 4.70 3.93 - 5.22 

Gape 90 0  2.57 2.51 - 2.70 

JW 5.44 4.78 - 5.87 

Supplemented Gape 45 0  4.45 3.81 - 5.35 

Gape 90° 2.55 2.51 - 2.74 

JW 5.23 4.67 - 5.97 
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shrimp until 8.89 mm TL. 

A significantly increasing linear relationship (P<0.05) was found 

between maximum width and maximum length of rotifer (Figure 5.3). This 

equation was used to convert maximum lengths to maximum widths for 

tanks. The mean maximum width of 531.2 1.1M was used to convert brine 

shrimp nauplii lengths to maximum width as only supplemented brine 

shrimp nauplii were added to the tanks (Table 5.3). 

The range of TL of larva presented both rotifers and brine shrimp 

nauplii in both rearing tanks was 2.32 - 7.36 mm TL. Comparing the 

maximum prey width in the gut with mouth gape at 45° and 90 0 , larvae 

consumed brine shrimp nauplii at a mouth gape greater than 45° but less 

than 90° (Figure 5.4). The minimum TL of larvae consuming brine shrimp 

nauplii was 3.28 mm TL. The maximum TL of larvae consuming rotifers as 

the maximum prey width was 4.9 mm TL. 

TL of larvae with brine shrimp nauplii as the maximum prey size in 

the gut increased with increasing TL of the larvae (Figure 5.5). There was 

no significant difference (Kolmogorov: P>0.05) in the frequency 

distribution of TL between Tank 1 and Tank 2 of larvae consuming rotifers 

as the maximum sized prey in the gut (Figure 5.6). There was, however, a 

significant difference (Kolmogorov: P<0.05) between Tank 1 and Tank 2 in 

the frequency distribution of larvae consuming brine shrimp nauplii as the 

maximum sized prey in the gut. TL at which the two distributions cross (ie. 

where more larvae are consuming brine shrimp nauplii then rotifers as the 

maximum sized prey in the gut is 4.2 -4.3 mm TL and 4.1 -4.2 mm TL for 
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Figure 5.3. Plots of maximum width verses maximum length for (a) 
rotifers and (b) brine shrimp nauplii. 
Relationship is described by: 

(a) 	m axW=16.756 +0.569 L 

(n = 304, 12  = 0.722, F=783.9) 
where maxW is maximum width and L is length. 
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Figure 5.4. 	Predicted size of prey using mouth gape of 45° and 90 0  
and actual size of prey consumed in relation to TL of 
barramundi larvae. 
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Figure 5.5. 	Plots of maximum length of brine shrimp nauplii found in the gut with 
TL of larvae. 
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Figure 5.6. Frequency distribution of larvae consuming either rotifers 
or brine shrimp nauplii as the maximum sized prey in the 
gut for Tank 1 and Tank 2. 
Line indicates distribution of rotifers and brine shrimp 
nauplii. 
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Table 5.5. 	Length of barramundi larvae when able to begin feeding on 
rotifer. 

Length 

(mm) 

Measurement Author 

2.96 TL Present study - 45° gape 

2.45 TL Present study - 90 0  gape 

2.52 TL Kosutarak and Watanabe 
1984b 

2.45 SL Bagarinao 1986 

2.64 TL Kohno etal. 1986 

Tank 1 and Tank 2 respectively. 

Discussion 

The present study found barramundi larvae selected for increasing 

prey size with TL. Numerous authors have found increasing prey size 

ingested with increasing TL; eg. Atlantic herring Clupea harengus (Checkley 

1982), spot Leiostomus xanthurus and Atlantic croaker Micropoganias 

undulatus (Govoni et al. 1986a). 

The present study found a difference between the mean length of 

prey in the gut and in the rearing tanks. This suggests barramundi larvae 
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are unable to ingest larger sized rotifers and brine shrimp nauplii when 

encountered in the tank. It would be expected then that the larvae would be 

able to ingest larger sized rotifers present in the tanks from day 10 when 

brine shrimp nauplii were found present in the gut. There was, however, no 

increase in the length of rotifers consumed by the larvae from day 10. A 

possible cause of the difference between prey length in the guts and the 

tanks is shrinkage due to death and/or digestive enzymes present in the 

gut. A second possible cause for this difference in size of prey is an error in 

sampling the prey in the tanks. The mean prey size of the sample may be 

substantially larger than the actual population mean size of prey in the tank. 

Data is not available to determine which error might be occurring here. Even 

though there was a possible difference in the length of brine shrimp nauplii 

found in the guts of barramundi larvae and the tank, there was an increase 

in the length of brine shrimp nauplii consumed with age of the larvae. This is 

probably a reflection of the increasing TL of the larvae with increasing age. 

Indeed, it was found length of brine shrimp nauplii consumed increased with 

TL of the larvae. 

The present study found barramundi larvae are able to consume 

rotifers from 2.45 - 2.96 mm TL. This agrees with the findings of other 

authors for barramundi larvae (Table 5.5), though length of larvae at initial 

feeding on rotifers were more similar to the predicted TL using 90° gape. 

This indicates barramundi larvae are able to initiate feeding on rotifers at a 

mouth gape greater than 45 0 . Prey size was generally found to be less than 

maximum gape in larval yellow perch Perca flavescons, freshwater drum 
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Aplodinotus grunniens, and black crappie Pomoxis nigromaculatus (Schael 

etal. 1991). A prey species (eg. copepods) with a maximum width between 

that of rotifers and brine shrimp nauplii could be added to the tanks with the 

rapid increase in mouth gape with little change in TL. Barramundi larvae 

reared in extensive ponds have been found to progress from consuming 

rotifers to consuming copepods with increasing TL (M. Rimmer and M. 

Pearce unpublished observations). 

Supplemented Columbian strain of brine shrimp nauplii were fed to 

barramundi larvae from day 8 at NEC (see Chapter 2). Larvae were found in 

the present study to initiate consumption of this strain of brine shrimp nauplii 

at a mouth gape greater than 45° but not greater than 90°. TL of larvae 

consuming this strain of brine shrimp nauplii was smaller than TL of larvae 

found consuming San Francisco Bay and Great Salt Lake strains of brine 

shrimp nauplii even though the mean length of Columbian strain was larger 

than the other two strains of brine shrimp (Dhert et al. 1990) (Table 5.6). 

Data in this present study came from experiment 2 (Chapter 4) which found 

rotifers and brine shrimp nauplii density to be low from day 12 - 14. 

Barramundi larvae may, therefore, be selecting the size of prey from 

incidence of encounter and ability to capture rather than selecting for the 

largest size prey. No preference in size of prey selected by common carp 

Cyprinus carpio var commumis was found at low prey densities (Khadka 

and Rao 1986). However, at high prey densities, common carp showed high 

prey selection for larger sized prey. This, therefore, gives a good indication 

of the size of larvae able to initiate feeding on supplemented brine shrimp 
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nauplii. 

This present study predicted larvae could start consuming 

supplemented brine shrimp nauplii in all orientations between 4.45 to 8.89 

mm TL. Barramundi larvae fed 'Great Salt Lake' strain of brine shrimp 

nauplii (490 p.m length) showed no preference for direction of prey uptake at 

5.1 mm TL (Dhert et al. 1990). Larger sized prey than brine shrimp nauplii 

may be introduced to the tanks at this stage. This would allow an increase 

in growth rates as the nutrient value of the prey increases with increasing 

prey size (Hunter 1980). Presently, the barramundi aquaculture industry 

uses both brine shrimp reared to a larger size (Sorgeloos et al. 1993) and 

cladocerns as larger sized prey to brine shrimp nauplii. Barramundi larvae 

have been found to begin consuming the freshwater cladocerans Monia 

macrocopa (220 - >1000 pm body length) at approximately 5 mm TL 

(Fermin 1991). Apart from the advantages of higher return for effort than 

brine shrimp nauplii, cladocerans also provide a better HUFA source 

(Watanabe et al. 1983). 

This present study found no significant difference in the maximum 

width of 24 hour starved and supplemented brine shrimp nauplii. 

Supplemented brine shrimp nauplii have been found to increase growth 

and survival of barramundi larvae compared to 24 hr starved brine shrimp 

nauplii (Rimmer et al. 1994). However, increasing mobility of the nauplii 

with growth (Sorgeloos et al. 1993) may decrease the ability of the larvae 

to capture the nauplii. This present study found barramundi larvae could 

begin consuming brine shrimp nauplii at 3.28 mm TL. Therefore, there is 
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no benefit in adding 24 hour starved brine shrimp nauplii to the tanks. 

Both the methods of Bray Curtis prey selection and distribution 

intercept of maximum sized prey in gut show similar transition from rotifers 

to brine shrimp nauplii between 3.99 and 4.33 mm TL. Lin et al. (1985) 

found a similar size for selecting prey size larger than rotifers by barramundi 

larvae. This transition range is within the predicted size range using 

maximum prey width of brine shrimp nauplii and mouth gape (Table 5.6). 

Barramundi larvae were found to begin consuming brine shrimp nauplii at 

3.28 mm TL. Feeding larvae supplemented brine shrimp nauplii before 3.99 

mm TL would produce faster growth in some larvae possibly leading to 

cannibalism. This was shown in Chapter 4. By delaying the feeding of 

supplemented brine shrimp nauplii to 3.99 mm TL and ceasing the addition 

of rotifers to the tanks, a smaller distribution in TL of larvae would be 

expected than presently experienced. The incidence of cannibalism would 

also be expected to be reduced. 
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Table 5.6. Comparison of predicted and actual TL of barramundi larvae 
in relation to transition from rotifers to brine shrimp nauplii. 
GSL = Great Salt Lake, SFB = San Francisco Bay 

Study 

Brine shrimp nauplii 

Strain 	Length 
(11m) 

Barramundi larvae size 

(mm TL) 	Method 

Present HUFA 
Columbian 

982 Predicted 2.55 - 4.55 Mouth gape 
using max. prey 

width 

4.45 - 8.89 Mouth gape 
using max. prey 

length 

Actual 4.14 Bray Curtis 

3.28 Commenced 
eating brine 

shrimp nauplii 

4.1 -4.3 Max. prey size in 
gut distribution 

intercept 

Dhert et HUFA SFB 430 Predicted 4.5 Mouth gape 

al. GSL 490 5.0 using maximum 

(1990) 12 HUFA 600 5.9 prey length 
GSL 

24 HUFA 800 7.6 
GSL 

HUFA SFB 430 Actual 4.0 - 4.5 Visual 

GSL 490 5.0 - 5.5 

12 HUFA 600 5.5 - 6.0 
GSL 

24 HUFA 800 6.0 - 6.5 
GSL 

HUFA SFB 430 Actual 4.5 50% uptake of 

GSL 490 5.0 brine shrimp 

12 HUFA 600 6.0 nauplii 
GSL 

24 HUFA 800 7.7 
GSL 
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CHAPTER 6 . EFFECTS OF LIGHT REGIMES ON GROWTH AND 

SURVIVAL OF LARVAE 

Experiment 4 

Introduction 

Numerous authors have studied the effect of photoperiod on the 

growth and survival of larval marine fishes (Barahona-Fernandes 1979, 

Dowd and Houde 1980, Duray and Kohno 1988, Johnson and Katavic 

1984, Kiyono and Hirano 1981, Marliave 1977, Qasim 1955, Tandler and 

Helps 1985). These authors found that photoperiod affects the growth and 

survival of marine larval teleosts though the extent varies between 

species. Extended and continuous photoperiods were found to increase 

growth rates and survival in some larval fish species (rabbitfish Siganus 

guttatus, Duray and Kohno 1988; sea bream Acanthopagrus schlegeli, 

Okauchi et al. 1980; gilthead sea bream Sparus aurata, Tandler and 

Helps 1985) while in sailfin sculpin Nautichthys oculofasciatus optimal 

photoperiod for growth and survival was 10 to 13 hour's light (Marliave 

1977). 

There is little information on the effects of photoperiod on the 

growth and survival of barramundi larvae although the role of the 

photoperiod in the reproductive cycle of adults has been investigated 

(Aquacop etal. in press, Garrett et al. 1987, Ruangpanit 1987, Tattanon 

and Tiensongrusmee 1984). Larval barramundi have been cultured 

indoors (MacKinnon 1987, Rtiangpanit 1987) and outdoors (Kungvankij 
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and Suthemechaikul 1986, Rimmer et al. 1991, Ruangpanit 1987). 

However, no mention is given to the length of photoperiod used to culture 

barramundi inside or the natural during outside culture 

In examining the diurnal feeding activity of larval barramundi 

(Chapter 3), it was discovered that larval barramundi initially require light 

to feed. Barlow et al. (1993) noted from stomach contents that barramundi 

fingerlings in ponds continued feeding at a reduced level between sunset 

and the moon setting with a first quarter moon. If the larvae exhibit a 

similar extended feeding activity, then food consumption and growth rates 

of the larvae may be increased and the amount of time the larvae spend in 

the hatchery reduced. Normal photoperiods experienced at NEC during 

the barramundi breeding season ranges from 12 - 13.25 hour's daylight. 

Consequently, the objectives of this experiment were to determine the 

effects of extended photoperiod on growth and survival of barramundi 

larvae and how these effects changed with age. 

Materials and Methods 

Two experiments were carried out using barramundi larvae fed 

rotifers (Experiment 4a) and fed brine shrimp nauplii (Experiment 4b). 

Experiment 4a was carried out using larvae from day 2 to day 10 and 

Experiment 4b from day 8 to day 20 when the two live feeds are normally 

supplied according to hatchery procedure. A randomised block design 
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with three treatments and three replicates was used for both experiments. 

The photoperiod treatments were 8 hours light and 16 hours dark 

(abbreviated to: 8 L), 16 hours light and 8 hours dark (16L) and 24 hours 

light and 0 hours dark (24L) (Table 6.1). Due to the design of this 

experiment, it is assumed that there is no significant interaction between 

treatments and blocks. This term is used to generate the error term 

(Underwood 1981). 

Nine (3-L) containers of the experimental unit were used in these 

experiments (Chapter 2). Continuous lighting was provided for both 

experiments. Container walls were externally covered with water proof 

paper which were painted matt black. Hours of darkness were provided by 

placing black lids over those containers with daylight periods less than 24 

hours to emulate hours of darkness (Figure 6.1). At the completion of each 

experiment, homogeneity of variance was examined and TL, SGR and 

survival were compared between treatments and blocks using ANOVA. 

Specific growth rate (SGR) in percent per day (Wootton 1992) was 

estimated using the mean TL determined from the extra samples as the 

initial TL. 

Larvae in experiment 4a hatched on 19 November 1989 and were 

moved to the experimental unit on day 2. Larvae used for experiment 4h 

hatched on 23 October 1989 and were moved to the experimental unit on 

day 8. 

Larval density in a larval rearing tank was estimated volumetrically 

and a volume containing larvae was added to each container for each 
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Table 6.1 
	

Experimental design for photoperiod experiment. 
Individual containers (1 - 9) were assigned randomly to 
different treatments and blocks. 

Block 	 Photoperiod 
(hour's light) 

8L 16L 24L 

1 2 1 3 

2 4 6 5 

3 9 7 8 

experiment. Three additional samples of the same volume were taken and 

preserved for later estimation of the number and size of larvae used in each 

experiment. 

Containers were cleaned prior to feeding and excess food organisms 

were flushed from the containers through a 120 [trn and a 420 um screen 

for experiment 4a and experiment 4b, respectively (See Chapter 2, 

Materials and Methods). Loss of larvae from the containers occurred when 

screens were changed for cleaning and were not included in the 

calculations; a total of 4.2% loss for the rotifer and 2.8% loss for the brine 

shrimp feeding stage occurred. Feeding took place twice daily within 30 

minutes of 0900 and 1500. 

Mortality in each container and water quality (Chapter 2) were 

recorded daily. Temperature, salinity, dissolved oxygen (DO) and pH 

measurements were also made in the experimental unit during experiment 

4b for both the photoperiod and discrimination experiments (Chapter 7) 
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Figure 6.1. 	Cover placed over containers to emulate hours of 
darkness. 

87 





using a Yeo-Kal Model 606 Submersible Data Logger (SDL). The SDL 

was placed in the sump of the experimental unit at 1400 on 30 October 

1989 and removed on 11 November 1989. Recordings of water quality 

parameters were made every 15 minutes. On three occasions the SDL 

was removed from the sump to charge the battery, calibrate and check if 

the SDL was working effectively; a total of 7 hours 30 minutes of samples 

were missed due to these interruptions. 

Results 

Water Quality 

Table 6.2 shows the range of the water quality parameters. NH 3  - 

N, NO2-  - N and NO 32-  - N levels were not detectable by the tests employed 

(see Chapter 2, General Methods) and were therefore substantially lower 

than the minimum suitable concentrations for barramundi larval rearing of 

2 mg/L NH3  - N, 6 mg/L NO 2-  - N and 150 mg/L NO32-  - N listed by 

Tattanon and Tiensongrusmee (1984). Salinity, temperature and pH were 

also within the ranges recommended or considered acceptable by other 

authors for rearing barramundi larvae (Tattanon and Tiensongrusmee 

1984, Kungvankij and Suthemechaikul 1986, Ruangpanit 1987, Russell et 

al. 1987). 

Figure 6.2 shows a 48 hour section of measurements made by the 

SDL. Peaks in temperature coincided with the air-conditioning unit to the 
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Table 6.2. 	Range of water quality parameters recorded during 
Experiment 4a and 4b. 

Water quality parameter Experiment 4a 

min - max 

Experiment 4b 

min - max 

Salinity (%0) 28.2 - 30.6 28.1 - 31.8 

Temperature (°C) 27.0 - 28.0 26.4 - 28.8 

pH 8.0 7.9 - 8.1 

NH 3 - N (mg/L) 0.0 - 0.2 0.0 - 0.2 

NO2-  - N (mg/L) <0.2 <0.2 

NO32-  - N (mg/L) <10 <10 

DO (% sat.) 90.0 - 95.3 

(mg/L) 6.0 - 6.4 

room being turned on and off automatically. Greatest daily fluctuations in 

temperature were 1.5°C. 

Salinity levels increased slowly during the experiments requiring 

freshwater to be added to the system on two occasions to maintain levels 

as required (approximately 28 %o). Peaks on these occasions were 31.8 

and 30.1 %o and were lowered to 28.8 and 28.1 %o respectively over an 

hour (Figure 6.2). 

Concentration of DO did not fluctuate greatly during the 

experiments though' percentage saturation varied with temperature. DO 

varied between 91.2 and 92.8 % saturation in Figure 6.2. pH levels did not 

fluctuate during either experiment. 
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Figure 6.2. 	Water quality parameters recorded by the SDL during a 
48 hour period commencing on 7 November 1989. 
Arrows indicate period air-conditioner unit was turned 
on. 
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Survival  

Mortality of larvae in experiment's 4a and 4b was initially caused by 

larvae becoming stuck to the screen when flushing the containers (Figures 

6.3 and 6.4). These deaths only occurred in the first few days after the 

larvae were introduced into the containers. The mortality rate decreased 

after three days but continued at a low level for the duration of the 

experiment (Figures 6.3 and 6.4). 

There was no significant difference (P>0.05) between survival of 

larvae reared in 8L, 16L and 24L for experiment 4a. However, a P value of 

0.072 and closer examination of the data shows survival was lower for 

larvae reared in 8L than for larvae reared in 16L and 24L (Table 6.3). 

A considerably lower survival was found in block 2 than in block 1 

and 3 for larvae reared in 8L in experiment 4a. No significant difference 

(P>0.05) was found between survival of larvae reared in 8L, 16L and 24L 

for experiment 4b with block 2 included (Table 6.3). Discarding block 2 

from the analysis resulted in no significant difference (P>0.05) between 

survival of larvae reared in 8L, 16L and 24L. However, a P value of 0.095 

and closer examination of the data showed a higher survival for larvae 

reared in 8L than for larvae reared in 16L and 24L (Table 6.3 and Figure 

6.4). 
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Table 6.3. 	Survival of larvae reared in containers with different 
photoperiods for both Experiment 4a and 4b. 
Different superscript letters within the same column indicate 
significant difference between means (P<0.05). 

Arcsine 4% survival 
	

% Survival 
(mean ± SE) 
	

(mean) 

Experiment 4a: Rotifer feeding stage 	 (days 2 - 10) 

Treatment 
	

8L 	 25.3 ± 3.21a 	 18.3 

16L 	 39.3 ± 3.12a 	 40.1 

24L 	 36.0 ± 4.14a 	 34.5 

Experiment 4b: Brine shrimp nauplii feeding stage (days 8 - 20) 

Treatment 8L 49.1 ± 14.1a 57.1 

16L 46.4 ± 1 .3a  52.4 

24L 44.8 ± 3.0a 49.7 

Block 2 8L 63.2 ± 1 .2a  79.7 

removed 16L 45.2 ± 0.2b  50.3 

24L 44•9 ± 5.3b  49.8 
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Figure 6.3. 	Difference in survival of larval barramundi reared in three 
blocks under 8 hour's light in experiment 4a. 
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Figure 6.4. 	Survival of larval barramundi reared under 8L, 16L and 
24L in (a) experiment 4a and (b) experiment 4b. 
Bars indicate 95% confidence limits about the mean. 
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Table 6.4. 	Summary of final TL and SGR of larvae reared in containers 
with different photoperiods for Experiment 4a and 4b. 
Different superscript letters within the same column indicate 
significant difference between means (P<0.05). n is the 
number of replicates. 

Treatment 	n 	Mean final TL Arcsine gSGR ± 	SGR 
± SE 
	 SE 	(%/day) 

(mm) 

Experiment 4a: Rotifer feeding stage 	 (days 2 - 10) 

8L 3 3.37 ± 0.01a 12.34 ± 0.04a 4.57 

16L 3 4.24 ± 0.09b  15.81 ±0 . 30b 7.42 

24L 3 4.57 ± 0.08c 16.80 ± 0.22c 8.35 

Experiment 4b: Brine shrimp nauplii feeding stage 	(days 8 - 20) 

8L 3 8.05 ± 0.08a 17.19 ± 0.08a 8.73 

16L 3 9.54 ± 0.26 b  18.58 ± 0.22b  10.15 

24L 3 9.50 ± 0.27 b  18.54 ± 0.23b  10.11 

Growth  

The estimated mean (± SE) initial number of larvae in each container for 

experiment 4a was 334.3 ± 18.5; the larvae averaged 2.34 ± 0.01 mm TL 

(n=50). The estimated mean (± SE) initial number of larvae in each 

container for experiment 4b was found to be 128.7 ± 32.9; larvae 

averaged 2.82 ± 0.03 mm TL (n=50). 
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Variance was found to be homogeneous between treatments for both 

feeding stages using Cochran's C test (P<0.05). Summary of original data 

is presented in Appendix 3. No significant block effects were found for 

either experiment 4a or 4b. The intrinsic variability was not significantly 

different (P>0.05) between TL of larvae reared in 8L, 16L and 24L for both 

feeding stages. 

Prey density effect on final TL of larvae from lower survival of 

larvae reared in block 2 of 8 L was investigated using ANOVA. There was 

no significant difference (P>0.05) in final TL of larvae reared in blocks 1, 2 

and 3 in 8L for the brine shrimp feeding stage. Low survival of larvae in 

block 2 did not influence final TL of larvae reared in 8L. Therefore, the 

data was included in the final analysis. 

Mean final TL and SGR of larvae for each photoperiod for each 

experiment is presented in Table 6.4. Barramundi larvae increased in TL 

for both photoperiod and age from the size at which they were transferred 

to the containers. Plot of TL against survival in each experiment found no 

trends for Experiment 4a (Figure 6.5). A decreasing TL with increasing 

survival due to decreasing number of prey available to the larvae appears 

to be occurring in Experiment 4b if 8L block 2 is excluded from the 

analysis. Smallest TL and highest survival occurred in larvae reared in 8L 

and therefore the effect may be caused by cannibalism and prey 

availability levels. 

Larvae reared in 8 hour's light were significantly (P<0.05) smaller 

and grew significantly (P<0.05) more slowly than larvae reared in 16 and 
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Figure 6.5. Relationship between TL and survival of larvae reared in 8 L, 
16 L and 24 L for blocks 1, 2 and 3 in (a) experiment 4a and 
(b) experiment 4b. 
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24 hour's light in both experiments (Table 6.4). Larvae reared under 

conditions of 16 hour's light were significantly smaller (P<0.05) and grew 

significantly (P<0.05) more slowly than larvae reared with 24 hour's light in 

experiment 4a. 

No significant difference (P>0.05) was found between final TL of 

larvae reared in 16 hour's light and final TL of larvae reared in 24 hour's 

light in experiment 4b. Similarly, there was no significant difference 

between SGR in larvae reared in 16L and 24L for experiment 4b. 

Discussion 

The effect of extending the photoperiod on rearing larval 

barramundi is clear: larval growth was significantly higher in continuous 

lighting for the rotifer feeding stage but no significant difference in growth 

of larvae reared in 16 L and 24 L for the brine shrimp feeding stage. 

Growth was also found to be higher in larval rabbit fish Siganus guttatus 

(Duray and Kohno 1988) and in larval gilthead seabream Sparus aurata 

(Tandler and Helps 1985) reared under extended lighting regimes. 

However, optimal growth and survival in sea bream Archosurgus 

rhomboidalis (Dowd and Houde 1980) and sea bass Dicentrarchus labrax 

(Barahona-Fernandes 1979) larvae occurred at 13 and 12 hour's light 

respectively, with extended photoperiods reducing growth and survival. 

Survival of barramundi larvae reared in 24 L in 'this present study 
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was higher than larvae reared in 8 L during the rotifer feeding stage but 

lower than larvae reared in 8 L during the brine shrimp nauplii feeding 

stage. Johnson and Katavic (1984) found continuous lighting caused 

100% mortality in 168 hours in 3 day old seabass larvae Dicentrarchus 

labrax. Qasim (1955) found lower survival in larval teleosts reared under 

continuous light than larvae reared under 8 L and suggested this as 

evidence that larval fish need to sleep. The results in this present study 

include the first couple of days of high mortality which appear to influence 

the overall survival results. Bagarinao (1986) also found high mortality of 

between 59 and 63% within 24 hours of transfer of barramundi larvae to 

experimental aquaria. Barramundi larvae appear to be vulnerable at these 

early ages to transportation and should be accounted for when examining 

survival in larval fish of this size. The initial high mortality in this present 

study, however, did not persist during the brine shrimp nauplii feeding 

stage (Figure 6.4). There was an apparent continuation of mortality under 

8 L during the rotifer feeding stage after this initial high mortality. This 

continued mortality suggests barramundi larvae of this age require 

photoperiods longer than 8 L though this changes as the larvae grow. 

Change in survival with age for barramundi larvae and juveniles was also 

found by Barlow et al. (1995). 

In the present study, barramundi larvae continued to grow when 

reared in 8 L for both rotifers and brine shrimp nauplii feeding stages but 

growth rates were lower in comparison to larvae reared in longer light 

regimes. At the recorded growth rates, larvae would have to be reared a 
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further 8 days under 8 L to reach the TL of larvae reared under 24 L to 

day 10. A further two days of growth would be required for larvae reared in 

8 L to achieve the TL of larvae reared in 16 L to day 20. Dowd and Houde 

(1980) suggest that larvae reared in relatively short light periods (7 hour's 

light) do not have enough time to consume prey to obtain energy for 

growth. Barramundi larvae may have more chances of meeting prey when 

reared in continuous lighting than when reared at reduced light periods; 

the chance of under feeding is therefore reduced. 

Larval seabream benefited in growth from longer photoperiods but 

not in survival at low prey concentrations; the larvae have longer time to 

search for prey in these low concentrations (Dowd and Houde 1980). In 

this present study, concentrations of prey in the containers became very 

low before the next feeding, especially during the brine shrimp feeding 

stage. Overall growth of larvae in the containers may have been faster 

during the brine shrimp nauplii feeding stage if the prey concentrations 

could have been maintained at optimal concentrations during this 

experiment. This is further researched and results presented in 

experiment 6 (Chapter 8). Increasing the frequency of supply of prey may 

also maintain prey concentrations to achieve maximum growth (Duray 

1990). 

In this present study, the reaction of larval barramundi to different 

photoperiods changes with age: larvae grew larger under continuous 

lighting during the rotifer feeding stage but there was no difference in 

growth of larvae reared under 16 L and continuous lighting during the 
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brine shrimp feeding stage. Juvenile barramundi ranging in size from 11 - 

55 mm TL were found to consume 40% more food when reared under 

continuous lighting however there was no increase in growth (Barlow et al. 

1991). Black porgy Mylio macrocephalus larvae reared in extended 

photoperiods increased prey consumption and growth rates but did not 

show increased growth or prey consumption rates after metamorphosis to 

juveniles (Kiyono and Hirano 1981). These changes in response to 

photoperiod after metamorphosis may be related to changes in the 

digestive system (Kiyono and Hirano 1981). Development of the stomach 

in barramundi has been found to occur during metamorphosis (experiment 

1 in Chapter 3, Walford and Lam 1993). Therefore, while barramundi can 

consume more prey during extended photoperiod at this stage, energy 

from digestion of the prey is not being used for growth. Larvae may be 

only partially digesting the prey. Indeed, Barlow et al. (1993) found faster 

gut evacuation rates in juvenile barramundi fed continuously than if fed 

once then prey removed. Alternatively, energy used for capturing and 

digesting prey during these extended light periods may be similar to 

energy retained during hours of darkness. Further research is required to 

distinguish why barramundi are not using prey ingested during extended 

light conditions for growth. 

Barahona-Fernandes (1979) suggested the effects of photoperiod 

on feeding and growth reflects the geographical limits of that species. 

Barramundi distribution ranges from the tropics to the subtropics. 

Spawning of barramundi occurs from October to March depending on 
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geographical location (Garrett et al. 1987, Moore 1982, Palmer and 

Arthington 1986). Light regimes during the spawning season range from 

12 to 13 hours light. In this present study, barramundi larvae do not 

appear to be affected by prevailing photoperiod. Growth performance 

should therefore be maximised in intensive hatcheries through extending 

the photoperiod beyond the natural day length. 
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CHAPTER 7 . EFFECT OF TANK COLOUR ON GROWTH AND 

SURVIVAL OF LARVAE 

Experiment 5 

Introduction 

For a predator to feed it must perceive, recognise and capture the 

prey. For a prey organism to be visible under water the light reflected from 

it must contrast with its surroundings by reflecting either a greater or a 

lesser amount of light than its background (Northmore et al. 1978). The 

contrast between the prey and its background is less underwater than in 

air (Muntz 1975) due to greater absorption and scattering of light in water 

than in air. By increasing the contrast between prey and background the 

prey will become more visible to the larval fish. Easier perception of the 

prey should result in higher feeding efficiency, consumption, growth rate 

and survival (Browman and Marcoote 1987). 

Contrast can be manipulated by either changing the colour of the 

prey or the colour of the background. Dendrinos et al. (1984) found 

feeding efficiency markedly improved in Dover sole Solea solea larvae fed 

with different coloured brine shrimp nauplii in a glass aquarium. Alteration 

of the background colour resulted in higher growth rates and survival in 

turbot Scophthalmus maximus larvae (Howell 1979), walleye Stizostedion 

vitreum vitreum larvae (Corazza and Nickum 1981), dolphin fish 

Cotyphaena hippurus larvae (Ostrowski 1989) and Atlantic salmon Salmo 

salar alevins (Browman and Marcoote 1987). 
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The behaviour of barramundi larvae in tanks indicates they detect 

their prey by sight (Chapter 3). No histological studies have been made on 

the eye development in larval or adult barramundi, although a general 

description of eye development in barramundi larvae was given by Kohno 

etal. (1986). The eyes of barramundi larvae are unpigmented at hatching 

and the eye lens is present. The eyes are pigmented 10 hah and are fully 

pigmented by 47 hah (Kohno et al. 1986). 

The aim of this experiment was to investigate the effects of 

different background colours on prey discrimination by barramundi larvae 

in terms of growth and survival of the larvae. Changes in the ability of 

larvae to perceive prey with age was also investigated. 

Materials and Methods 

Methodology of movement, feeding, cleaning, preservation and 

measurement of barramundi larvae were the same as used in Experiment 

4 (Chapter 6). 

Two experiments were carried out using barramundi larvae fed 

rotifers (Experiment 5a) and fed brine shrimp nauplii (Experiment 5b). 

Experiment 5a was carried out from day 2 to day 10 from hatching and 

Experiment 5b from day 8 to day 20 from hatching. A randomised block 

design with three treatments and three replicates was used for both 

experiments. The background colour treatments were black, white, and 
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Table 7.1. 	Experimental design used in the background colour 
experiment indicating containers (11 - 19) randomly assigned 
to various blocks and treatments. 

Block 
	

Background colour 

Black 
	

White 	Transparent 

1 11 12 13 

2 15 14 16 

3 18 19 17 

transparent (Table 7.1). Due to the design of these experiments, it is 

assumed and shown that there is no significant interaction between 

treatments and blocks; this interaction term is used to generate the error 

term (Underwood 1981). Homogeneity of variance was investigated using 

Cochran's C test. TL, SGR and percentage survival respectively were 

compared between treatments and blocks using ANOVA. 

White and black containers were covered externally with white water 

proof paper and water proof paper painted matt black, respectively. 

Continuous lighting was provided in both experiments and water quality was 

monitored daily. 
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Results 

Water Quality 

This experiment was run at the same time as Experiment 4 and the results 

of water quality monitoring were presented in Chapter 6. 

Survival  

High mortality occurred during the first two to four days after 

placing the larvae in the containers (Figures 7.1). The mortality rate 

decreased dramatically after this initial loss although a low mortality rate 

persisted throughout both experiments. 

There was no significant difference (P>0.05) in survival between 

the different coloured containers and no significant difference was found 

for survival of larvae in the different blocks in either experiment (Table 

7.2). 
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Table 7.2. 	The mean survival of larvae reared in containers with 
different coloured backgrounds in Experiment 5a and 5b. 
Different superscript letters within the same column indicate 
significant difference between means (P<0.05). 

Arcsine q% survival 
	

% Survival 
(mean ± SE) 
	

(mean) 

Experiment 5a: Rotifer feeding stage 	 (days 2 - 10) 

Treatment 	Black 	38.6 ± 5.38a 	38.9 

White 	20.8 ± 1.58a 	12.6 

Transparent 	28.5 ± 6.19a 	22.8 

Experiment 5b: Brine shrimp nauplii feeding stage 	(days 8 - 20) 

Treatment 	Black 	30.6 ± 2.02a 	25.9 

White 	41.1 ±7 . 30a 	43.2 

Transparent 	49.8 ± 8.38a 	58.3 

Growth  

The size and estimated number of larvae transferred to each 

container for both experiments were the same as presented in Chapter 6. 

Summary data for Experiments 5a and 5b are presented in Appendix 4. 

Variance was found to be homogeneous (P>0.05) in both experiments. No 
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Figure 7.1. 	Survival of larvae reared in black, white and transparent 
containers in (a) experiment 5a and (b) experiment 5b. 
Bars indicate the 95% confidence limits about the 
mean. 
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Table 7.3. The mean final TL and SGR of larvae (± SE) reared in 
containers with different coloured backgrounds in 
Experiment 5a and 5b. 
Different superscript letters within the same column indicate 
significant difference between means (P<0.05). n is the 
number of replicates. 

Treatment 	n 	Mean final TL 	Arcsine 	SGR 
± SE 	4SGR ± SE 	(%/d ay) 
(mm) 

Experiment 5a: Rotifer feeding stage 	 (days 2 - 10) 

Black 3 4.67 ± 0.18 17.07 ± 0.47a 8.62 

White 3 3.87 ± 0.10 b  14.51 ± 0.40' 6.28 

Transparent 3 3.76 ± 0•04b  14.10 ± 0.14b  5.93 

Experiment 5b: Brine shrimp nauplii feeding stage 	(days 8 - 20) 

Black 3 9.60 ± 0.48' 18.61 ± 0.39' 10.18 

White 3 8.72 ± 0.24' 17.85 ± 0.22' 9.40 

Transparent 3 9.36 ± 0.25' 18.43 ± 0.22' 9.99 

significant difference (P>0.05) was found between blocks in either 

experiment. Plot of TL against survival in each experiment found no trends 

(Figure 7.2). A decreasing TL with increasing survival would be expected 

due to decreasing number of prey available to the larvae. Prey availability 

was therefore not limiting growth in either experiment. 
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Figure 7.2. Relationship between TL and survival of larvae reared in black 
(b), white (w) and transparent (t) containers in blocks 1, 2 and 
3 in (a) experiment 5a and (b) experiment 5b. 
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Barramundi larvae reared in black containers were substantially 

larger and had significantly higher (P<0.05) SGR than those reared in 

white and transparent containers for experiment 5a (Table 7.3). There was 

no significant difference (P>0.05) in final TL and no significant difference 

(P>0.05) in SGR of larvae reared in white and transparent containers in 

experiment 5a. There was no significantly difference (P>0.05) in length of 

larvae reared in black, white or transparent containers for experiment 5b. 

Discussion 

The background colour of the rearing containers does effect the 

growth of larval barramundi when fed rotifers. Although barramundi larvae 

were successfully reared in black, white and transparent containers, 

growth was fastest in the black containers for the rotifer feeding stage. A 

further 3 days of rearing would be required for larvae reared in white 

containers to reach the TL of larvae reared in black containers to day 10. 

The larvae of other marine fish species, such as turbot Scophthalmus 

maximus larvae (Howell 1979) and dolphin fish Colyphaena hippurus 

larvae (Ostrowski 1989), have been reported to grow faster in tanks with 

black backgrounds. Indeed, many authors have used black tanks in 

experimenting with larval fish to minimise reflection and to maximise 

contrast between prey and the background (Blaxter 1969, O'Connell and 

Raymond 1970, Hara et al. 1986, Neilson et al. 1986, Duray and Kohno 
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1988). 

The present study showed that black tank backgrounds increased 

SGR in larvae during the rotifer feeding stage (days 2 - 10) but not during 

the brine shrimp nauplii feeding stage (days 8 - 20). This difference may 

be associated with continued development of the eyes in barramundi 

larvae with pigmentation beginning around 24 hah. The eyes of larval 

marine teleosts are not as developed as those of the adults (Blaxter 

1968a, b, Hunter 1980). Eye development in larval herring Clupea 

harengus and plaice Pleuronectes platessa were described by Blaxter 

(1968b, 1969) as having only the early stages of cone development. The 

larvae also lack retinal pigment migration which Blaxter (1968a) describes 

as a feature of dark and light adaptation in adult teleosts. Hunter (1980), in 

his review of larval feeding behaviour, describes other marine fish larvae 

studied as also lacking rods and retinomotor pigment migration during the 

first weeks or months of life. Rods and retinal pigment migration develop 

by the time metamorphosis to juvenile is complete in marine teleosts. 

Because of this continual development process, the perceptive range of 

newly hatched larvae is relatively small but the perceptive range increases 

as the larvae grow (Hunter 1980). By the time barramundi larvae are able 

to consume brine shrimp nauplii, the eyes are presumably more 

developed than during the rotifer feeding stage and, therefore, larvae may 

not require a high level of contrast between background colour and prey 

colour at this stage. Further research is required to determine eye 

development stages in barramundi. 
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Another factor which may have affected the difference in response 

to tank background colour in the rotifers and brine shrimp feeding stages 

is prey colour. Supplementary fed brine shrimp nauplii are orange in 

colour compared to rotifers which are white to transparent. Yellow-orange 

coloured zooplankton may be more readily perceived and recognised than 

colourless zooplankton by larval fish (Govoni et al. 1986a). 

Table 7.4 shows a comparison between mean TL of barramundi 

larvae reared intensively in this study and in other published studies. It 

must be remembered when comparing the published data with this study 

that conditions may not be the same for larval rearing; temperature, 

density, tanks used, etc may not be the same. However, it should be 

noted that even the smallest TL in this present study is equal to or slightly 

better than the TL reported from other studies. The best growth rate 

recorded from the present study is substantially better than those 

published previously. 

The high mortality of larvae in the first couple of days of each 

feeding stage was related partially to handling stress induced by moving 

the larvae to the containers. Similarly high mortality has been reported by 

other authors within 24 hours of transferring barramundi larvae to tanks 

(Bagarinao 1986). 

A secondary cause of mortality was from larvae initially being 

unable to swim against the flow of water through the screens when the 

containers were cleaned. The larvae became caught on the screens and, 

though washed immediately from the screens, many never recovered. As 
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Table 7.4. Comparison of mean TL of barramundi larvae reared in 
different coloured containers and published TL for each 
feeding stage. 

Feeding Study Container Days Density TL 
stage colour (No./L) (mm) 

Rotifer Experiment 5a black 10 111.4 4.6 

white 10 111.4 3.8 

transparent 10 ' 111.4 3.9 

Maneewongsa and 7 60 - 100 3.6 
Tattanon (1982b) 

Kosutarak and 10 3.8 
Watanabe (1984b) 

Tattanon and 7 40 - 50 3.6 
Tiensongrusmee 

(1984) 

Russell etal. light blue 9 25 -30 3.3 
(1987) 

Brine Experiment 5b black 20 43.9 9.3 

shrimp white 20 43.9 9.6 

nauplii transparent 20 43.9 8.6 

Maneewongsa and - 20 15 - 20 to 8.1 
Tattanon (1982) day 15, 

5 - 10 

Kosutarak and 21 8.9 
Watanabe (1984b) 

Tattanon and 20 10 - 20 to 8.1 
Tiensongrusmee day 15, 

(1984) 	 5 - 10 
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the larvae grew, they were able to swim against the current and avoid the 

screen thus leading to a drop in mortality rates. The design of the 

experimental unit containers exaggerates the level of mortality that would 

occur in larger larval rearing tanks. Tanks used for large scale larval 

rearing are able to incorporate mechanisms to prevent larvae from 

reaching the screen, such as air stones around the screen and a more 

subtle method of flushing the old food from the tank (Russell et al. 1987). 

In addition hatchery techniques are less experimentally rigorous than 

those employed in this experiment and are designed primarily to reduce 

mortality amongst the larvae. 

Larvae in the black containers appear to suffer less stress than 

those in the white and clear containers, particularly for the brine shrimp 

feeding stage. The colour of larval barramundi changes with age from 

clear to black as melanophores progressively cover the body (De 1971, 

Gosh 1973) thereby enabling larvae in black containers to blend into the 

background colour better than larvae in white or transparent containers. 

Similarly, Howell (1979) found that larval turbot Scophthalmus maximus 

appeared less stressed in black tanks than white. Larval turbot placed in 

white tanks changed colour from a natural golden brown to black, but their 

colouration returned to normal after placing them in matt black tanks. 
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CHAPTER 8 . EFFECT OF PREY AVAILABILITY ON GROWTH AND 

SURVIVAL OF LARVAE 

Experiment 6 

Introduction 

Numerous authors have studied the influence of prey densities on 

growth and survival of fish larvae both in the natural environment and in 

rearing tanks. Densities of prey for fish larvae in the natural environment 

are generally lower (Lasker 1975) than those needed to sustain the larvae 

in the laboratory (Dowd and Houde 1980, Houde and Schekter 1980, 

Buckley etal. 1987). Only larvae feeding in patches of higher density prey 

obtain enough food to survive and grow (O'Connell and Raymond 1970, 

Houde 1975, Lasker 1975). 

A fish larva will encounter more prey organisms per unit time with 

increasing availability of prey. Thus the expected amount of time spent 

foraging by the larvae with more prey available would be lower than larvae 

in low numbers of prey available and the energy saved could be used for 

growth rather than pursuing prey. Munk and Kiorboe (1985) found the time 

larval herring spent swimming declined from about 75% of the time to 35% 

when copepod densities were increased from 0.015 to 0.120 

individuals/ml respectively. Pursuit time also decreases with increasing 

age of the larvae (Houde and Schekter 1980, Munk and Kiorboe 1985). 

In aquaculture, it is desirable to know the maximum number of prey 

that is required to be added to the rearing tanks to produce optimum 
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growth and best survival of the fish larvae. Costs are reduced through 

decreasing the time the larvae spend in the hatchery and reducing the 

waste of excess food. 

Brine shrimp nauplii densities used in hatcheries for feeding 

barramundi larvae have been presented in the literature based on 

hatchery experience rather than research (Appendix 2). In experiment 2 

(Chapter 3), it was found that brine shrimp nauplii were being totally 

consumed in 7.5 hours from the larval rearing tanks by day 13 when fed at 

densities of 1.2 individuals/ml. Duray (1990) examined brine shrimp nauplii 

availability of 300, 400, 500 and 600 individuals/larva/day fed to 

barramundi larvae between day 14 and 35; greatest growth was found in 

larvae fed 600 individuals/larva/day. Duray's (1990) study does not take 

into account that brine shrimp nauplii are first added to the rearing tanks at 

day 8. Lower brine shrimp nauplii availability levels would be expected to 

be needed from day 8 - 14 as larvae are smaller, influencing their ability to 

capture prey and the total number of prey they may consume during a 

day. Duray's (1990) study was also for 1 feed/day where as 2 feeds/day 

are used at the NFC. 

The aims of this experiment were: 1. To find the maximum number 

of brine shrimp nauplii needed to be added to the rearing tanks with two 

feeds per day to produce the optimal growth and survival for barramundi 

larvae and 2. To examine the effect of age on the maximum number of 

brine shrimp nauplii added to the rearing tanks to produce optimal growth 

and survival for barramundi larvae. 
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Materials and Methods 

The method used in this study examines the maximum prey 

number to be added to the rearing tanks with two feeds per day to obtain 

optimum growth and survival. This method was chosen in preference to 

the method of measuring the number of prey consumed (Pechmanee et 

al. 1985) as this second method does not take into account the number of 

feeds per day or decreasing prey densities between feeds as found in 

Chapter 4. Additionally, the experimental design used here also more 

accurately reflects hatchery procedure. 

Three experiments were conducted using twenty containers from 

the experimental unit (Chapter 2). Experiment 6a examines the effect of 

brine shrimp nauplii availability on growth and survival of larvae between 

day 8 - 23 (Table 8.1). Results from this experiment indicate closer 

examination of changing requirements of prey availability with age of the 

larvae and is further examined in Experiment 6b and 6c (Table 8.1). A 

randomised block design with five treatments and four blocks was utilised 

for all experiments performed in this present study. Due to the design of 

this experiment, it is assumed that there is no significant interaction 

between treatments and blocks. This term is used to generate the error 

term (Underwood 1981). A photoperiod of 16 hours light and 8 hours dark 

was used in all experiments based on results obtained in Experiment 4b 

(Chapter 6). Water quality was monitored daily. 
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Table 8.1. 	Experiments conduced on different density of larvae. 

	

Experiment Density of 	Larval 	Brine shrimp nauplii 
larvae 	age 	availability 

	

(No./3-L*) 	(days) 	(No./larva/feed) 

6a 50 8-23  0 

60 

120 

300 

600 

6b 50 8-15  0 

60 

120 

300 

600 

6c 20 15 - 20 0 

150 

300 

750 

1500 

*3-L = volume of containers 
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Experiment 6a  

Experiment 6a examined the growth and survival of larvae reared 

using different number of brine shrimp nauplii available from day 8 to day 

23 (Table 8.1). 

Larvae used in experiment 6a hatched on 19 November 1989 and 

were of the Weipa strain (Chapter 2). Fifty larvae were moved to each 

container in the experimental unit on day 8. Brine shrimp nauplii were fed 

to the larvae from day 8 to 23 at the designated levels at 0900 and 1530 

(±30 min) daily (Table 8.1). In addition, all containers were fed rotifers at a 

density of 20 individuals/ml from day 8 until the morning feed of day 14. 

Containers were cleaned and any prey remaining in the containers were 

flushed through 450 pm screens before feeding. All larvae were 

preserved on day 23 for later measurement (Chapter 2). 

Experiment 6b and 6c 

Experiment 6b examines the growth and survival of larvae reared 

on brine shrimp nauplii from day 8 to 15. Experiment 6c examines the 

growth and survival of larvae reared on brine shrimp nauplii from day 15 to 

20 at the lower hatchery densities of 5 to 10 larvae/L recommended by 

Tattanon and Maneewongsa (1982) (Table 8.1). 

Barramundi larvae used in Experiment 6b and 6c were of the 

Cairns strain. Density of larvae in the rearing tank was estimated 

volumetrically and a volume containing an estimated 500 larvae was 
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added to each container prior to first feed on day 2 (18 January 1990). 

Three additional samples of the same volume were taken and preserved 

for later estimation of the number and size of larvae used in the 

experiment. Larvae were fed rotifers at 20 individuals/ml at 0900 and 1530 

(± 30 min) daily to day 8. Excess food organisms were filtered from the 

containers through a 120[tm screen and the containers were cleaned 

before feeding. 

All surviving larvae from all containers at day 8 were placed into an 

aerated bucket and the containers cleaned and refilled. Larvae were 

dipped from the bucket and fifty larvae were counted into each container. 

A sample of 30 larvae was preserved at this time for later TL 

measurement. 

The feeding regime for Experiment 6b and 6c was the same as that 

used in Experiment 6a with availability of brine shrimp nauplii as 

designated (Table 8.1). Rotifers were fed to each container in Experiment 

6b from day 8 to 14. Containers were cleaned and excess food flushed 

from the containers through 420 [im screens before feeding. At day 15, 

larvae were randomly collected from each container until 20 larvae 

remained in each container. The larvae collected from each container 

were preserved for later TL measurement. 

The remaining 20 larvae in each container were reared at the 

nominated brine shrimp nauplii availability level to day 20 for Experiment 

6c (Table 8.1). The larvae in each container were preserved at day 20 for 

later TL measurement. Cleaning and feeding times were as previously 
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described while mortality was monitored throughout the experiment. 

Statistical Analysis  

Homogeneity of variance was tested between treatments and 

blocks using Cochran's C test. Differences between treatments and blocks 

in final TL were examined using ANOVA. The LSD test was used to 

compare means. 

SGR in percent per day (Wootton 1992) was estimated for 

Experiment 6b using the mean TL determined from the extra samples as 

the initial TL. For Experiment 6c, SGR was estimated using the mean TL 

measure at day 15 in Experiment 6b as the initial TL (Table 8.1). Arcsine 

"Ix transformation was applied to the percent SGR to normalise the 

distribution (Zar 1984). Comparison in SGR between treatments and 

blocks for Experiment 6b and 6c were made using ANOVA. The LSD test 

was used to compare between means. 

Survival data was arcsine -gx transformed and comparisons 

between treatments and blocks made using ANOVA. The LSD test was 

used to compare between means. 

122 



Table 8.2. 	Range of water quality parameters recorded during the brine 
shrimp nauplii density experiment. 

Water quality 
parameter 

Experiment 6a 

min - max 

Experiment 6b 

min - max 

Experiment 6c 

min - max 

Salinity 	(%0) 28.3 - 30.1 28.4 - 30.1 27.4 - 30.4 

Temperature(°C) 27.5 - 29.0 27.3 - 28.7 27.6 - 29.5 

pH 8.0 8.0 8.0 

NH 3 - N (mg/L) 0.0 - 0.2 0.0 - 0.2 0.0 - 0.2 

NO2-  - N (mg/L) <0.2 <0.2 <0.2 

NO32-  - N(mg/L) <10 <10 <10 

Results 

Water Quality  

Table 8.2 shows the range of the water quality parameters as 

recorded in each experiment. NH 3  - N, NO2-  - N and NO 32-  - N levels were 

not detectable by the tests employed (see Chapter 2, General Methods) 

and were therefore substantially lower than the minimum suitable 

concentrations for barramundi larval rearing of 2 mg/L NH 3  - N, 6 mg/L 

NO2-  - N and 150 mg/L NO32-  - N listed by Tattanon and Tiensongrusmee 

(1984). Salinity, temperature and pH were also within the ranges 

recommended or used by other authors (Tattanon and Tiensongrusmee 

1984, Kungvankij and Suthemechaikul 1986, Russell et al. 1987, 

Ruangpanit 1987). 
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Table 8.3. 	The mean survival of larvae (± SE) reared in containers with 
different brine shrimp nauplii number available and blocks in 
Experiment 6a. 
Different superscript letters within the same column indicate 
significant difference between means (P<0.05) for either 
treatment or block. 

Mean arcsine 
	

Mean 
4% survival ± SE 
	

% Survival 

Treatment 	0 	17.19± 1.88' 	8.73 

60 	51.30 ± 5.36 b 	60.91 

120 	53.47 ± 4.40 b 	64.57 

300 	54.69 ± 1.63 b 	66.59 

600 	46.54 ± 3.95 b 	52.69 

Block 	1 	41.61 ±6 . 06a 	44.10 

2 	39.08 ± 6.81a 	39.74 

3 	50.59 ± 7.18b 	59.69 

4 	47.27 ± 8.34' 	53.96 

Survival 

Experiment 6a 

Variance was found to be homogeneous (P>0.05) between 

treatments and between blocks for survival of larvae in Experiment 6a. 

Significantly lower survival (P<0.05) was found in larvae fed 0 brine 
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shrimp nauplii to day 23 (Table 8.3). There was no significant difference 

(P>0.05) between survival of larvae fed 60, 120, 300 and 600 

individuals/larva/feed. 

A significant block effect (P<0.05) was found in survival of larvae in 

block 3 compared with block 1 and 2. No significant difference (P>0.05) in 

survival was found between blocks 1, 2 and 4 and between blocks 3 and 

4. Distribution of survival of larvae reared in 60, 120, 300, and 600 

individuals/larva/feed were less variable in block 3 than in the same 

densities for blocks 1, 2 and 4 causing the significant block effect (Figure 

8.1). The reason for this lower variation, however, is not clear. It is evident 

though that survival is lowest for larvae fed 0 individuals. 

Experiment 6b and 6c 

No larval mortalities were recorded during Experiment 6b or 6c. 

Some larvae were lost during the daily changing of screens for cleaning 

and flushing the old food from the containers; a 3.3% loss from day 8 to 

15 and a 1.0% loss from day 15 to day 20. 

125 



Figure 8.1. 	Distribution in survival of larvae reared in five different 
brine shrimp nauplii availability levels for each block. 
Note: survival of larvae reared in availability levels of 120 
and 600 individuals/larva/feed was the same in block 2. 
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Table 8.4. 	Summary of final TL of larvae for different number of brine 
shrimp nauplii available for Experiment 6a (day 8 - 23). 
Different superscript letters within the same column indicate 
significant difference between means (P<0.05). n is the total 
number of replicates. 

No. of brine shrimp 
nauplii per larva per feed 

Mean final TL ± SE 
(mm) 

0 4 5.52 ± 0.14a 

60 4 7.92 ± 0.40b  

120 4 8.36 ± 0.08' 

300 4 8.79 ± 0.06' 

600 4 9.27 ± 0.11 d  

Growth 

Experiment 6a 

Variance in Experiment 6a was found to be heterogeneous at a0. 05 

and homogeneous at ao.01.  ANOVA was therefore performed using a0.01 as 

the probability level for the tests of significance (Underwood 1981). 

A summary of the final number and TL of larvae reared in each 

block and treatment for Experiment 6a are presented in Appendix 5.1. All 

larvae increased in TL for both blocks and treatments (Table 8.4). 

Increasing mean final TL was found with increasing availability of prey. 

A smallest mean final TL occurred with larvae fed 0 

individuals/larva/feed brine shrimp nauplii (Table 8.4). The largest mean 
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final TL occurred with larvae reared in brine shrimp nauplii availability 

levels of 600 individuals/larva/feed. There was however no significant 

difference between final TL of larvae reared in 300 and 600 

individuals/larva/feed brine shrimp nauplii (Table 8.4). 

It was noted that all brine shrimp nauplii were being consumed 

before the next feed from those containers being fed 60 and 120 

individuals/larva/feed by day 14 to 15. Cannibalism was also noted after 

day 15 in containers being fed 60, 120, 300 and 600 

individuals/larva/feed. 

Experiment 6b 

The estimated mean number of larvae (± SE) initially moved to 

each container for experiment 6b on day 2 was found to be 614.7 (± 61.4). 

By day 8, the mean TL (± SE) of larvae placed into the containers was 

4.63 mm (± 0.03). The number of larvae at the completion of each 

experiment and the mean TL (± SE) of larvae for the different brine 

shrimp nauplii availability levels and blocks for Experiment 6b is presented 

in Appendix 5.2. Variance was found to be homogeneous (P<0.05) 

between treatments and between blocks for Experiment 6b. No significant 

difference (P>0.05) was found between blocks. 

Larvae reared in brine shrimp nauplii availability levels of 0 

individual/larva/feed from day 8 to 15 in Experiment 6b were significantly 

smaller than larvae reared in availability levels of 60, 120, 300 and 
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Table 8.5. 	Summary of final TL and SGR of larvae reared in different 
brine shrimp nauplii availability levels for Experiment 6b. 
Different superscript letters within the same column indicate 
significant difference means (P<0.05). (Initial TL is 4.63 mm) 

No. of brine 
shrimp nauplii per 

larvae per feed 

Mean final TL 
(mm) ± SE 

Mean arcsine 
.4SGR (%/day) 

± SE 

Mean SGR 
(%/day) 

0 6.34 ± 0.11a 12.22 ± 0.35a 4.48 

60 7.06 ±0 . 07b 14.21 ±0 . 17b 6.03 

120 7.31 ±0.08w  14.79 ±0.18 6.51 

300 7.54 ± 0.15c 15.28 ± 0. 32C 6.95 

600 7.57 ± 0.20c 15.34 ± 0.42c 7.00 

600 individual/larva/feed (P<0.05) (Table 8.5). There was no significant 

difference between final TL of larvae reared in availability levels of 60 or 

120 individual/larva/feed and for larvae reared with 120, 300 or 600 

individual/larva/feed (P>0.05) by day 15. 

Brine shrimp nauplii added to those containers with a prey 

availability of 60 and 120 individuals/larva/feed were all consumed before 

feeding by the larvae at day 15. Larvae reared on rotifers to day 14 and 

brine shrimp nauplii at a availability level of 0 individuals/larva/feed to day 

15 increased in TL but grew more slowly than those fed rotifers and brine 

shrimp nauplii (Table 8.5). 

Larvae reared in brine shrimp nauplii availability levels of 600 

individuals/larva/feed obtained the highest mean SGR in Experiment 6b 
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(Table 8.5). However, SGR was not significantly different (P>0.05) 

between larvae reared in brine shrimp nauplii availability levels of 120, 

300 and 600 individuals/larva/feed to day 15. 

Experiment 6c 

The number of larvae at the completion of each experiment and the 

mean TL ± SE of larvae for the different brine shrimp nauplii availability 

levels and blocks for Experiment 6c is presented in Appendix 5.3. 

Variance was found to be homogeneous (P<0.05) between treatments 

and between blocks for Experiment 6c. No significant difference (P>0.05) 

was found between blocks. 

Final TL of larvae grown to day 20 in Experiment 6c were 

significantly different for all brine shrimp nauplii availability levels (P<0.05) 

(Table 8.6). The mean final TL of larvae grown at all brine shrimp nauplii 

availability levels, except for the larvae reared at availability levels of 0 

individual/larva/feed, increased from day 15 to day 20. Larvae reared in 

brine shrimp nauplii availability levels of 1500 individuals/larva/feed 

obtained the largest mean final TL (P<0.05). 

There was no significant difference (P>0.05) in SGR between 

larvae fed 750 and 1500 individuals/larvae/feed from day 15 to 20. 
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Table 8.6. 	Summary of final TL and SGR of larvae reared in different 
brine shrimp nauplii availability levels for Experiment 6c. 
Different superscript letters within the same column indicate 
significant difference between means (P<0.05). (Initial TL is 
mean final TL in Table 8.5) 

No. of brine shrimp Mean final TL Mean arcsine qSGR Mean SGR 
nauplii per larva 	(mm) ± SE 	(%/day) ± SE 	(%/day) 

per feed 

0 6.25 ± 0.09a -3.38 ± 0.51a -0.35 

150 9.25 ± 0.05b  13.43 ± 0.21 b  5.39 

300 10.79 ± 0.05c 16.19 ± 0.34c 7.77 

750 12.11 ±0 . 11d 17.92 ± 0.51 d  9.47 

1500 12.71 ±0 . 12e 18.77 ± 0.66 d  10.35 

Discussion 

This present study found brine shrimp nauplii availability levels for 

barramundi larvae fed 2 feeds/day increased from 

120 individuals/larva/feed for days 8 to 15 to 750 individuals/larva/feed for 

days 15 to 20 (Table 8.7). Pechmanee et al. (1985) also found the amount 

of rotifers consumed by barramundi larvae increase with age. Duray 

(1990) found optimal growth for barramundi larvae fed brine shrimp nauplii 

availability levels of 600 individuals/larva/day between days 14 to 35. 

Since fish larvae consume larger numbers of prey as they grow, then it 

would be expected that a larger number of brine shrimp nauplii or a larger 

sized prey would be needed to be added to the rearing tanks after day 20. 
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Table 8.7. Summary of results from experiment's 6a, 6b and 6c for 2 
feeds/day. 

Brine shrimp nauplii 
availability 

Best growth 

Experiment Days No./larva/feed No./larva/feed 

6a 8-23  300 300 - 600 

6b 8-15  120 120 - 600 

6c 15 - 20 750 750 - 1500 

Both brine shrimp reared passed nauplii stage on microalgae and yeast 

and the freshwater cladoceran Moina spp. (Maneewong 1987) have been 

used to provide a prey of a larger size for barramundi larvae fed from day 

15. 

Development of the stomach in barramundi larvae occurred at 

approximately 7 mm TL (Chapter 3), which is the size of the larvae at day 

15 (Table 8.5). An increase in the amount of prey consumed at this time 

would be expected as the stomach is able to stretch more than the small 

lateral stretch of the intestine. Larvae being able to consume more prey 

would have a higher nutrient intake producing a faster growth rate. This 

agrees with the findings of Llobrera and Parado-Estepa (1992) who found 

ingestion rate of barramundi larvae was not influenced by brine shrimp 

nauplii densities of 0.1, 0.5, 1, 2 and 5 individuals/ml though number 

ingested was found to increase with size. Prey ingestion rate has been 

found to increase in other teleost larvae with increasing availability of prey 
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(Houde and Schekter 1980). 

In the present study, barramundi larvae reared with no brine shrimp 

nauplii available from day 15 to 20 exhibited low levels of activity; the 

larvae lay close to the bottom of the container with little fin movement. 

Hunter (1980) found swimming activity increased in fish larvae with 

decreasing prey density. Swimming activity was also found to increase 

with decreasing food densities in herring Clupea harengus larvae (Munk 

and Kiorboe 1985). However, herring larvae showed low levels of activity 

when no prey were present. 

It was found in this present study that barramundi larvae grew more 

slowly when only fed rotifers compared to those larvae fed both rotifers 

and brine shrimp nauplii to day 14. Pechmanee et al. (1984) similarly 

found that barramundi larvae grew to a larger TL when reared on brine 

shrimp nauplii compared to those reared on rotifers between day 11 and 

18. However, the difference in TL between the treatments found by 

Pechmanee et al. (1984) was much less than in this present study. 

All brine shrimp nauplii were consumed by the barramundi larvae 

from the containers fed 60 and 120 individuals/larva/feed by day 15 for 

both experiment 6a and 6b. Total number of prey in the container appears 

then to be limiting growth of larvae at this age. An estimated larval 

ingestion rate of 120 brine shrimp nauplii per larvae per feed (or 240 

individuals/larva/day) then occurs by day 15. This agrees with the findings 

of Pechmanee et al. (1984), Maneewong (1987), Aquacop et al. (1989) 

and Llobrera and Parado-Estepa (1992) for amount of brine shrimp nauplii 
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consumed at these times. Because prey availability is becoming limiting at 

this time, incidence of cannibalism would be expected to increase as 

found in Experiment 6a and Experiment 2 (Chapter 4). 

There was no difference in the survival rates of barramundi larvae 

fed the different densities of brine shrimp in the present study. This agrees 

with the findings of Duray (1990). Survival of teleost larvae does not 

appear to be affected by these relatively high prey availability levels 

(McMullen and Middaugh 1985). However, survival of larvae does appear 

to be affected by prey densities less than 1 individual/ml (Buckley et al. 

1987, Dowd and Houde 1980, Van der Wal and Neil 1986). 

Rotifers densities above 15 individuals/ml resulted in reduced 

survival of Australian bass, though there was no difference in survival of 

larvae fed brine shrimp nauplii ranging from 6 to 15 individuals/ml though 

reduced size was found. Several authors suggest that at high densities, a 

confusion effect may occur which reduces feeding efficiency (Milinski 

1984, Van der Wal and Neil 1986, Jakobsen et al. 1987). As the larva 

aims at a prey, the prey becomes concealed by another prey causing the 

larvae to hesitate and miss the capture. Characteristics of prey swarming 

enhancing the confusion effect include the following: (1) number of prey in 

swarm; (2) number of prey per volume of swarm; and (3) uniformity of prey 

in swarm (Milinski 1984, Jakobsen et al. 1987). There is no evidence in 

this present study suggesting that the confusion effects of swarming prey 

influenced the growth and survival of barramundi larvae fed at brine 

shrimp nauplii availability levels higher than the availability levels 
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producing optimal growth. Further testing would need to be required to 

examine if swarming prey does influence growth of barramundi larvae. 

In Experiment 6a, survival of larvae was low in those containers fed 

no brine shrimp nauplii between days 14 and 23. In Experiment 6c 

however, survival was 100% in those containers not fed between days 14 

and 20. Mortality appears then to occur after six days of starvation at this 

age. Survival would not be expected to be affected by short term 

interruption to supply of brine shrimp nauplii, such as a batch dying. 

Further research needs to be conducted into the point of irreversible 

starvation within these six days. 
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CHAPTER 9 . GENERAL DISCUSSION AND RECOMMENDATIONS 

Larvae are presently grown to approximately 10 mm in 20 to 25 

days under intensive culture conditions using the Thai method at the NFC 

hatchery (MacKinnon 1989). The results presented in this thesis show that 

this present method of larval rearing is limiting the growth rate potential of 

the larvae. Significant improvements in growth resulting in reduced time 

spent in the hatchery can be achieved by changing the background colour 

to black, rearing the larvae under continuous lighting during the rotifers 

feeding stage, and feeding brine shrimp nauplii densities at levels 

producing maximum growth. Larvae were reared initially under 24L and in 

black containers in experiments 6 b and c (see Chapter 8). Larvae 

reached a mean size of 12.11 mm TL by day 20 and a mean SGR of 9.47 

%/day in those containers fed brine shrimp nauplii at densities producing 

maximum growth (Table 8.7). Assuming this SGR remains constant, 

larvae would reach the minimum weaning size of 16 mm TL (Barlow and 

Rodgers 1993) by day 24. This represents a reduction in reliance on live 

prey of approximately six days for barramundi larvae. This reduction in the 

time the larvae spend in the hatchery represents a significant saving in 

production costs of live prey to the aquaculture industry. 

TL of barramundi using the improved feeding techniques is still 

about half the TL of barramundi produced from extensive pond production 

(Rutledge and Rimmer 1991). This difference in TL may be reduced by 

introducing brine shrimp reared to a larger size and/or cladocerans to the 

rearing tanks (Dhert et al. 1992). Barramundi larvae start consuming the 
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cladoceran Moina macrocopa at 5.16 mm standard length (SL) (Fermin 

1991). This is equivalent to 6.7 mm TL using the equation from Barlow et 

al. (1993) as follows: 

SL (mm) = -0.359 + 0.822 TL (mm) 

Fermin and Bolivar (1994), however, recommended feeding M. 

macrocopa to barramundi larvae beginning at 5.5 mm SL (or 7.1 mm TL 

from Barlow et al. 1993). A mean SGR of 4.1 % TL/day can be obtained 

between 7.13 and 13.21 mm TL, using results presented by Fermin and 

Bolivar (1994). 

A negative effect of using dark coloured background for larval 

rearing is that observation of the larvae becomes increasingly difficult 

since barramundi larvae are similarly pigmented as this background colour 

(Ghosh 1973, Moore 1982, Mukhopadhyay et al. 1983). Several 

alternatives could be used to increase the visibility of the larvae to 

hatchery personnel: 

(1) another coloured background, such as dark blue may be used that 

provides both high contrast with the food organism and good visibility 

of the larvae. 

(2) a clear tank with a black skirting which may be removed for cleaning 

and monitoring the tank. 

(3) sampling barramundi larvae from tank at regular intervals. 

(4) black tank sides, to increase contrast of food organisms, and pale 

coloured bottom to allow cleaning and checking larvae by hatchery 

staff. 
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Addition of rotifers to the larval rearing tanks may be ceased at day 

10. This represents a saving of 4 days of rotifer production and only 8 days 

over which rotifer production needs to be maintained. The risk of 

maintaining rotifers to the larvae before there is a rapid decline in density in 

the cultured batches, termed 'crashing', is reduced due to this reduction in 

production time. 
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APPENDIX 1 
Shrinkage of barramundi larvae aged from day 1 - 21 after preservation in 5% formalin. 
(Source: Kosutarak and Watanabe 1984a) 

Days from 

hatching 

Sample 

Size 

TL (mm) of fresh samples 

mean ± sd 	range 

TL (mm) of preserved samples 

mean ± sd 	range 

Shrinkage 

(%) 
1 29 2.11 ±0.06 1.98 - 2.24 1.92 ± 0.06 1.80 - 2.04 9.0* 

2 30 2.34 ± 0.07 2.20 - 2.46 2.23 ± 0.06 2.10 - 2.36 4.7* 

3 11 2.50 ± 0.05 2.36 - 2.50 2.31 ± 0.06 2.20 - 2.40 7.6*  

4 2.62 ± 0.09 2.40 - 2.84 

5 27 2.71 ±0.12 2.40 - 2.90 2.36 ± 0.17 2.80 - 2.74 12.9* 

6 30 2.86 ± 0.11 2.66 - 3.20 2.65 ± 0.11 2.42 - 2.92 7•3* 

7 30 3.01 ±0.21 2.54 - 3.28 2.76 ± 0.18 2.30 - 3.02 8.3* 

8 29 3.22 ± 0.25 2.66 - 3.80 2.89 ± 0.24 2.26 - 3.40 10.2* 

9 30 3.29 ± 0.23 2.76 - 3.68 2.99 ± 0.18 2.62 - 3.32 9.1* 

10 30 3.50 ± 0.23 2.92 - 3.90 3.19 ± 0.21 2.76 - 3.56 8.9*  

11 29 3.79 ± 0.34 2.76 - 4.36 3.50 ± 0.33 2.60 - 4.06 7.7* 
* - significant difference between TL of larvae fresh and in preserved sample. 



APPENDIX 1 (cont.) 

Shrinkage of barramundi larvae aged from day 1 - 21 after preservation in 5% formalin. 
(Source: Kosutarak and Watanabe 1984a) 

Days from 

hatching 

Sample 

Size 

TL (mm) of fresh samples 

mean ± sd 	range 

TL (mm) of preserved samples 

mean ± sd 	range 

Shrinkage 

(%) 

12 28 3.73 ± 0.23 3.36 - 4.22 3.42 ± 0.23 2.98 - 3.80 8.3* 

13 30 4.01 ±0.35 3.32 - 4.70 3.69 ± 0.33 3.08 - 4.34 8.0* 

14 30 4.34 ± 0.54 3.30 - 5.76 4.10 ± 0.51 3.12 - 5.34 5.5 

15 30 4.55 ± 0.54 3.45 - 5.60 4.31 ± 0.55 3.20 - 5.28 5.3 

16 30 5.05 ± 0.59 3.85 - 6.45 4.77 ± 0.57 3.64 - 6.00 5.5 

17 30 5.52 ± 0.65 4.00 - 6.70 5.21 ± 0.67 3.70 - 6.45 5.6 

18 30 6.03 ± 0.58 4.75 - 7.00 5.78 ± 0.57 4.55 - 6.90 4.1 

19 30 6.46 ± 0.68 4.35 - 7.65 6.21 ± 0.67 4.30 - 7.50 3.9 

20 30 7.01 ± 0.89 5.20 - 8.60 6.77 ± 0.92 4.95 - 8.80 3.4 

21 30 7.36 ± 0.92 5.56 - 9.10 7.13 ± 0.97 5.30 - 9.00 3.1 
* - significant difference between TL of larvae fresh and in preserved sample. 



APPENDIX 2 
Densities of rotifers and brine shrimp nauplii feed to barramundi larvae 
cultured in different countries. 

Age 	TL 	Rotifer 	Brine 	Country 	Author 
(days) 	(mm) 	density 	shrimp 

(No./m1) 	nauplii 
density 
(Nairn!) 

4-5 2.091 4 Thailand Pechmanee et al. 
(1985) 

7-8 3.719 8 

10-11 3.972 12 

13-14 5.100 >30 

2.59-3.08 10 Thailand Tongrawd etal. 
(1983) Quoted in: 
Pechmanee et al. 

(1985) 
3.75-4.19 15-20 

3-14 5-10 Thailand Tattanon and 
Maneewongsa 

(1982) 
10-25 

3-14 10-30 Malaysia Tattanon and 
Tiensongrusmee 

(1984) 
8-20 5 

2-15 15-20 Australia Russell et al. 
(1987) 

8-15 2 

16-25 5 
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APPENDIX 2 (cont.) 

Age 
(days) 

TL 
(mm) 

Rotifer 
density 
(No./ml) 

Brine 
shrimp 
nauplii 

(No./m1) 

Country Author 

2-14 

8-14 

14-20 

10 

1 

4 

Australia MacKinnon 
(1987) 

3-15 * Malaysia Awang (1987) 

10-30 

3-7 5-15 Thailand Maneewong 
(1987) 

8-15 15-20 

8-10 1-1.5 

10-15 4-5 

15-20 6-7 

3 2.5 2 - 3 Singapore Cheong and 

4 - 11 2.6 -4.0 3 - 5 Yeng (1987) 

12 - 13 4.5 - 4.7 5-10  <0.2 

14 - 15 4.8 5-10  0.5 - 1.0 

16 - 21 4.8 - 9.0 0.5 - 1.0 

. 	Author states these food items are fed to barramundi larvae but no 
concentration is given. 

164 



APPENDIX 3 
Summary of final TL data of barramundi larvae grown under different 
photoperiods and blocks for Experiment 4. n is the number of larvae 
remaining in the containers at the completion of the experiment. 

Treatment 	Block 	n Mean TL 
(mm) 

Variance min - max 
(mm) 

Experiment 4a: Rotifer feeding stage (days 2 - 10) 

8 1 95 3.36 0.06 2.55 - 3.90 

2 49 3.38 0.04 2.73 - 3.77 

3 37 3.38 0.04 2.69 - 3.69 

16 1 156 4.06 0.12 3.24 - 4.90 

2 119 4.35 0.18 3.21 -5.21 

3 109 4.32 0.14 3.47 - 5.32 

24 1 102 4.57 0.19 3.47 - 5.53 

2 159 4.43 0.14 3.00 - 5.15 

3 73 4.70 0.22 3.33 - 5.40 

Experiment 4b: Brine shrimp nauplii feeding stage (days 8 -20) 

8 1 157 7.9 2.3 4.9- 11.3 

2 13 8.0 3.9 5.1 - 10.7 

3 110 8.2 2.4 4.5 - 11.2 

16 1 64 9.1 3.0 6.1 - 13.0 

2 68 9.7 3.2 5.8 - 13.0 

3 47 9.9 4.2 5.5 - 14.8 

24 1 37 10.0 3.0 5.8 - 13.5 

2 62 9.4 3.1 5.0 - 12.9 

3 90 9.1 2.4 5.6 - 12.5 
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APPENDIX 4 
Summary data on barramundi larvae reared in containers with different 
coloured backgrounds and blocks for Experiment 5. n is the number of 
larvae remaining in the containers at the completion of the experiment. 

Treatment 	Block 	n 	Mean TL Variance 	min - max 
(mm) 	 (mm) 

Experiment 5a: Rotifer feeding stage 	 (days 2 - 10) 

Black 	1 	156 	4.51 	0.12 	3.43 - 5.24 

2 	149 	4.49 	0.17 	2.89 - 5.17 

3 	73 	5.03 	0.13 	3.88 - 5.59 

White 	1 	35 	3.67 	0.18 	2.75 - 4.79 

2 	32 	4.01 	0.20 	2.86 - 4.70 

3 	51 	3.93 	0.22 	2.81 -4.76 

Transparent 	1 	35 	3.69 	0.14 	2.79 - 4.41 

2 	136 	3.81 	0.23 	2.46 -4.88 

3 	66 	3.79 	0.19 	2.72 - 4.70 

Experiment 5b: Brine shrimp nauplii feeding stage 	(days 8 - 20) 
Black 	1 	37 	10.5 	4.1 	6.5 - 13.3 

2 	31 	8.9 	3.7 	5.1 - 12.9 

3 	38 	9.4 	3.1 	6.5 - 13.4 

White 	1 	89 	8.4 	3.1 	5.5 - 13.5 

2 	29 	9.2 	3.6 	5.1 - 12.4 

3 	62 	8.6 	4.0 	4.1 - 13.0 

Transparent 	1 	93 	8.9 	3.4 	5.1 - 12.4 

2 	59 	9.5 	3.8 	5.1 - 13.6 

3 	51 	9.7 	4.5 	4.3 - 13.9 
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APPENDIX 5 

Summary of Survival and growth of larvae for different brine shrimp nauplii 
densities for Experiments 6a, 6b and 6c. 

167 



Appendix 5.1 

Summary data on barramundi larvae reared in different brine shrimp 
nauplii densities for Experiment 6a (day 8 - 23). n is the total number of 
larvae remaining in the containers at the completion of the experiment. 

Treatment Block n Mean TL 
(mm) 

Variance min - max 
(mm) 

0 1 3 5.3 0.9 4.4 - 6.3 

2 3 5.7 0.7 4.8 - 6.3 

3 7 5.2 0.6 4.5 - 6.8 

4 5 5.8 0.8 4.3 - 6.6 

1 1 29 8.0 2.7 5.8 - 12.1 

2 18 8.9 3.8 5.8 - 12.4 

3 36 7.7 1.6 6.1 - 12.9 

4 38 7.0 1.8 4.4 - 9.8 

2 1 28 8.4 2.6 6.2 - 14.9 

2 25 8.6 3.2 6.6 - 13.1 

3 34 8.2 2.5 5.6 - 13.8 

4 41 8.2 2.1 6.0 - 11.4 

5 1 32 8.9 3.7 5.0 - 12.6 

2 33 8.7 2.6 5.9 - 13.6 

3 37 8.9 2.7 5.6 - 13.1 

4 31 8.7 3.0 6.1 - 12.8 

10 1 23 9.5 3.4 6.7 - 14.9 

2 25 9.0 3.7 6.3- 15.4 

3 36 9.4 2.1 6.6 - 11.6 

4 21 9.3 2.5 5.5 - 11.9 
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Appendix 5.2 

Summary data on barramundi larvae reared in different brine shrimp 
nauplii densities for Experiment 6b (days 8 - 15). n is the total number of 
larvae remaining in the containers at the completion of the experiment. 

Treatment Block n Mean TL 
(mm) 

Variance min - max 
(mm) 

0 1 37 6.36 0.16 5.64 - 7.14 

2 39 6.07 0.49 4.57 - 7.22 

3 26 6.61 0.17 5.80 -7.36 

4 30 6.34 0.17 5.70 - 7.27 

1 1 30 6.90 0.54 5.00 - 7.95 

2 27 7.00 0.31 5.37 -8.10 

3 26 7.19 0.37 6.07 -8.46 

4 30 7.17 0.38 5.89 -8.37 

2 1 34 7.21 0.67 5.02 -8.36 

2 36 7.23 0.26 5.90 - 8.20 

3 32 7.26 0.34 6.16 -8.19 

4 36 7.54 0.46 6.26 - 8.74 

5 1 43 7.40 0.47 4.76 -8.53 

2 32 7.76 0.71 5.98 - 9.02 

3 31 7.19 0.74 5.34 -8.74 

4 31 7.81 0.50 5.80 -9.11 

10 1 30 7.48 0.34 6.48 - 8.61 

2 50 7.49 0.34 5.81 - 8.62 

3 29 8.14 0.39 6.81 -9.12 

4 27 7.18 0.58 4.88 -8.19 
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Appendix 5.3 

Summary data on barramundi larvae reared in different brine shrimp 
nauplii densities for Experiment 6c (days 15 -20). n is the total number of 
larvae remaining in the containers at the completion of the experiment. 

Treatment Block n Mean TL 
(mm) 

Variance min - max 
(mm) 

0 1 20 6.1 0.2 5.2 - 7.2 

2 19 6.1 0.5 4.1 -7.1 

3 20 6.5 0.2 5.9 - 7.6 

4 20 6.2 0.2 5.4 - 6.9 

1 1 20 9.1 0.9 7.0 - 10.5 

2 20 9.3 0.5 8.1 -11.5 

3 20 9.2 0.5 7.6 - 10.6 

4 19 9.4 0.7 7.8 - 10.9 

2 1 20 10.9 0.7 8.9 - 12.1 

2 19 10.9 1.0 9.3 - 12.6 

3 21 10.8 0.6 9.1 - 12.5 

4 20 10.7 0.9 8.3 - 12.0 

5 1 19 12.4 1.1 10.0 - 13.9 

2 20 12.1 3.1 7.4- 14.6 

3 20 12.1 2.2 7.4 - 14.4 

4 20 11.8 1.7 9.5 - 13.6 

10 1 20 13.0 1.2 11.0 - 14.8 

2 21 12.8 1.4 10.5 - 15.0 

3 20 12.4 2.7 8.3 - 15.4 

4 20 12.7 1.2 10.5- 14.6 

170 


