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Abstract. 

Ambassis vachelli (Richardson) was used as a model for a study of the growth 
of a short-lived fish species in tropical estuarine and coastal habitat. It was 
found that A. vachelli grows through four distinct stages of life based on 
biochemical, histological and otolith characteristics, living a maximum of one 
year. The different stages reflect the alteration of energy partitioning between 
somatic growth, storage and gonad development. It appears that the otoliths 
provide a permanent history of growth of the individual fish. 

The populations of A. vachelli in the Townsville area vary in size and age 
structure. Estuarine tributaries are dominated by a single cohort that recruits 
early in the year. Shallow coastal area are dominated by transient populations 
of large, old fish and may reflect the low cover in these waters. Although 
recruits are found in sheltered waters throughout the year the gonad data 
indicates that reproduction is concentrated in the wet season (November to 
March) and may be initiated by a reduction in salinity. It appears that 
fluctuations in temperatures (15 to 36°C) and salinities (0 to 36°100) 
significantly influence the biochemical characteristics of juvenile fish. However, 
adult A. vachelli are able to tolerate a wide range of environmental conditions 
and differences in energy partitioning are likely to be due to maturation. 

Pilot studies suggested that alterations to feeding regimes affected the growth 
and body constitution of A. vachelli. Two experiments were conducted 
examining the effects of feeding history on juveniles and adults. A. vachelli can 
sustain relatively long periods of starvation, although mortality increased 
rapidly in juveniles exposed to starvation. After a history of feeding juvenile 
fish displayed an increase in starvation resistance. Liver and viscera stores of 
lipid and carbohydrates are mobilised first during starvation, with carcass 
protein the least affected by prolonged starvation. Carcass protein sparing may 
be a strategy maintaining muscular integrity during period of low prey 
availability. Adults and juveniles recovered on feeding although the adults did 
not completely recover, and this may be due to differences in energy 
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partitioning between juveniles and adults, with adults requiring energy for the 
development of the gonads. Overshoots, particularly in carbohydrate levels, 
were recorded on the resumption of feeding in all fish. 

Otolith microstructure recorded changes in the growth of fish exposed to 
different feeding regimes, supporting the use of otolith microstructure as a 
record of daily fish growth. The rate of decline in increment widths in otoliths 
of starving fish was not altered by the feeding history of the individual. Liver 
somatic index and liver vacuole abundance also recorded changes in the 
abundance of stores in the fish with liver vacuole abundance being the most 
sensitive short-term index (days). The sagitta somatic index (SSI) was more 
sensitive to changes in body weight due to feeding regime than either the liver 
somatic index or Fulton's K. The sensitivity of the SSI as a condition index is 
due to the relatively small, stable weight of the sagitta as compared to fish 
weight. 

The allocation of energy to the developing gonads allows the rapid development 
of the gonads. A. vachelli appears to be a multiple spawning species, producing 
several batches of eggs throughout the life of an individual, producing up to 
3600 eggs throughout life. The biochemical development of the ovaries and 
testes varied and may reflect the function of each gamete. 

The wide variety of indices and measures used in the present study provided a 
detailed insight of the growth of a small tropical fish inhabiting a widely 
variable environment. The indices applied to A. vachelli varied in regard to the 
time period over which each index and measure is most useful. The application 
of each technique should be based on these considerations. 
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Chapter 1. 
GENERAL INTRODUCTION: 

Tropical Estuaries and the Growth of Fishes. 

Within a dingle population the biological condition of individual fish varies 
widely (Black and Love, 1986). This is a consequence of both developmental 
changes and environmental variation. Understanding the effects of these factors 
on fish condition is important to both fisheries biology and life history studies 
(Kamler, 1992). 

When considering the condition of a fish there are two important aspects. The 
first concerns the definition of condition. Use of ' condition' has ranged from 
the results of length-weight relationships (Le Cren, 1951; Cone, 1989; 
Springer et al, 1990) to the detailed analysis of the composition of fish tissues 
(eg. Fraser et al, 1985). The second concerns the biological significance of 
changes in condition, especially in regard to fish growth. Although condition 
both in the general and specific terms varies widely among individuals (Black 
and Love, 1986) there is still little information on the causes of such variation 
or its consequence for further growth and survival of fishes. The influence of 
changes in condition on mortality rates is potentially an important but little 
studied aspect of fisheries biology. 

Factors effecting the growth and condition of fishes can be divided into two 
major groups; developmental stage and environment (Weatherly and Gill, 
1987; Kamler, 1992). It is important to separate these effects for interpretive 
purposes. 

The stage of development will effect fish growth and condition throughout life. 
In general, development follows a ' standard' program characterised by a 
relatively rapid somatic growth rate as a juvenile, that reduces with age and 
size as the growth of reproductive tissue becomes more important (Weatherly 
and Gill, 1987; Kamler, 1992). The developmental program is subject to a 
range of influences, both genetic and environmental. The genetic make-up of 
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an individual fish and the influences of the genotype on fish growth, although 
important, are outside the scope of this thesis. The environmental influences 
concern the rate of food intake and the physical environment (eg. temperature 

and salinity). 

The influence of environmental factors generally occur more rapidly in young 
fish than in older fish as the former have lower levels of body stores and a 
higher growth rate (Kamler, 1992). Environmental effects may be immediate 
(reduction of somatic growth for that day) or long term (reduction of 
reproductive potential due to limited growth rate and size). How do external 
influences, especially food availability, affect the program of fish development 
and growth? 

Food availability may be the most important factor in the regulation of fish 
growth, condition (Buckley, 1982; Weatherly and Gill, 1987; Zhang and 
Runham, 1992b) and survival (Kamler, 1992), as food is required to sustain 
the fish. The resulting energy from food is partitioned among maintenance (eg. 
respiration), locomotion, growth and storage. A reduction in food availability 
may reduce growth (Talbot, 1985) and reproductive potential (Hay et al., 
1988). 

Temperature is arguably the most common abiotic variable used in fish growth 
experiments. Previous studies suggest that growth rate will increase with 

increasing temperature up to a species optima (Brett et al., 1969, Methot and 
Kramer, 1979, Houde 1989; Buckley et al., 1990). After the optimum 
temperature is surpassed growth will reduce until death occurs (Kamler, 1992). 
Similarly, fish have an optimal salinity for growth and survival (Martin, 1988). 

It is concluded that fish will actively seek out an area of preferred temperature 
and salinity, thereby maximising growth rate (Weatherly and Gill, 1987). The 
effects of other environmental variables, such as oxygen content, pH and light, 
have been examined in growth and condition experiments on fish (see Love, 
1980, Weatherly and Gill, 1987 and Kamler, 1992 for reviews). 
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The studies required to evaluate the influence of environmental variables on 
fish growth and condition are complicated due to the reports of time-lags, (the 
period of time between an event (eg. a change in an environmental parameter) 
and the detection of a change in the growth of the fish). For example, lag 
periods have been recorded in the otolith microstructure of fishes and range 

from one day (Dicentrarchus labrax, Gutierrez and Morales-Nin, 1986) to 

three weeks (Oncorhynchus tschawytscha, Neilson and Geen, 1985). 

Responses in fish may be further complicated due to the environmental history 
experienced by the fish. Peterson and Black (1988) surmised that the biotic 
history an organism is exposed to, will result in differences in responses to 
environmental variables and therefore growth. Vondracek et al., (1988) found 

that both temperature and feeding history affected the fitness and size of 
Gambusia attinus at reproduction. Similarly, Korwin-Kossakowski and 
Jezierska (1984) (in Kamler, 1992) found that the development rate of larval / 
Tinca tinca was affected by the thermal history of spawning adults. 

Parts of the tropical environment, such as estuaries and coastal areas, are less-
stable than temperate or tropical reef environments in regard to physical 
parameters such as salinity and water temperature (Day, 1981) and fish growth 
and condition may be more variable in these habitats. tfigwe'V'er,/gany studies 
focusing on fish condition and growth deal with long-lived species from 
temperate (see Love, 1970, 1980, and Weatherly and Gill, 1987 for reviews) 
and tropical reef environments (see Sale et al., 1992 for review). 

tHowever, a high diversity of fish inhabit tropical estuaries. Pinto (1987) 
recorded 128 species of fish representing 54 families in a Philippine estuary. 
Two hundred and three species of fish were recorded from a Northern 

Australian estuary by Robertson and Duke, (1987). The high diversity within 

tropical estuaries suggests that fish inhabiting tropical estuarine and coastal 
areas must be tolerant of a wide range of conditions, or be able to regulate 
body processes in order to cope with the fluctuating environment (Martin, 
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1988). This must be achieved at some energetic cost to the fish, which may 
affect fish growth and condition to a greater extent than in other environments, 
including adjacent tropical reefs. 

As a consequence, this thesis focuses on the condition and growth of fish from 

tropical estuarine and coastal environments. The species of fish selected to use 
as a model in this study requires many attributes. Apart from being abundant 
and easy to collect, the species should be robust to handling and small enough 
to be kept in captivity. Additionally, the species should have a life cycle short 
enough to allow the effects of size, age and time to be assessed within the time 
frame of the study. One species that fits these criteria in estuarine and coastal 
habitats of the Townsville region is Ambassis vachelli (Family: Chandidae). 
The species is abundant in local estuaries (comprising up to 99.5% of the catch 
composition), forms schools of several hundred making collection easy with a 
seine net. A. vachelli is robust enough to allow direct handling and can be 
sustained in the laboratory for extended periods of time (several months) 
without high mortality (Molony, 1988). As it has a maximum length of 
approximately 61.9mm standard length (SL) aquarium facilities do not have to 
be extensive, and the whole fish can be biochemically analysed removing the 
possible biases involved with analysing only a section of the fish (Brander and 
Dietrich, 1953, in Love, 1970). Finally, A. vachelli lives for less than one year 

G., 1  
allowing the assessment of developmental, age, and size effects over a 	,e, 
relatively short time-scale. Additionally, several species of the genus Ambassis 
are of commercial importance in India making the study of growth of this 
genus important for aquaculture (Venkataramanujam, 1975; Venkataramanujam 
and Ramamoorthi, 1981). 

Fish growth has been examined and measured using many different techniques, 
from length frequency analyses (eg. Cassie, 1954) to protein synthesis rates of 
individual tissues (eg. Fauconneau et al., 1990) and daily sagittal increment 
widths (Thorrold and Williams, 1989; Molony and Choat, 1990). Black and 

Love (1986) suggested that the use of multiple indices may provide higher 



5 

resolution of fish growth and condition. To maximise resolution a range of 

biochemical techniques were applied to quantify water, protein, lipid and 
carbohydrate content of fish tissue. Histological analysis of tissues and 
examination of otolith microstructure were undertaken to provide a diverse 
range of techniques to examine the growth of A. vachelli. The basis of the 
techniques are provided latter in this chapter. 

To obtain estimates of growth and condition under field conditions,collections 
of A. vachelli were made at regular intervals. Field results were compared with 
the results of laboratory experiments allowing an estimate of the effects of 
maintaining fish under laboratory conditions. Laboratory experiments allow the 
manipulation of one variable under controlled conditions, isolating the effects 
of a single variable on fish growth. Full details of field and laboratory studies 
are provided below. 

C4-  
The main aim of the,study was to provide information on the early growth of 
fish in a fluctuating environment. With this general aim the following specific 
aspects were studied; 

Differential partitioning of energy over the early life of a fish; 
Partitioning and order of mobilisation and deposition of body constituents 

within three major body areas of the fish, (carcass - eviscerated body, viscera 
and liver), during starvation and feeding in fish from different feeding 
histories; 

Integration of various unrelated techniques in an effort to provide a better 
understanding of the growth of fish; 

To determine if otolith microstructure can detect and record differences 
in somatic growth throughout the life of a fish. 

1.1 Pilot Studies involving A. vachelli. 
A series of pilot studies using A. vachelli were undertaken by the author as part 
of an Honours thesis in 1988. It was hypothesised that fluctuations of physical 
parameters of tropical estuaries may affect growth and condition of A. vachelli 
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directly (salinity and temperature) and indirectly (effects on food sources) 
(Molony and Choat, 1990). However, Molony (1988) found only minor 
changes in body constitution and growth occurred as a result of different 
salinity and temperature treatments over 30 days (30d), and concluded that 
A. vachelli is able to tolerate a wide range of physical fluctuations without 
subsequent alteration to growth or body constitution. 	The effects of 
differential feeding did instigate a significant change in body constitution 

(Molony, 1988) and otolith microstructure (Molony and Choat, 1990). This 
may be due to the inability of fish to tolerate starvation without mobilising 
body stores (see Love, 1970, 1980 and Weatherly and Gill, 1987 for reviews). 
Robertson and Duke (1987) and Jackson (1991) recorded variations in the 
abundance of a principle food source of A. vachelli, (Acetes sibogae australis) 
in the Townsville region. It was suggested that the major factor influencing 
growth and condition of A. vachelli in the natural environment may be food 
availability. 

1.2 Description of Experiments in this Study. 
Due to the results of pilot studies on A.vachelli (Molony, 1988, Molony and 
Choat, 1990)5experiments involving various feeding histories were undertaken. 
The experiments involved both juveniles (Chapter 5) and adults (Chapter 6) to 
provide comparisons between different life history stages. The time frame used 
in the experiments were significant when compared to the age of the fish, and 
sampling of experimental fish was undertaken throughout the experiments. This 
provided information on both the short term and long term effects of the 
treatments applied. Throughout the experiments, samples of individuals from 
field populations were collected to monitor changes in fish growth and 
condition in fish from a natural population. 

In order to interpret the results of the experiments the effects of development 

(Chapter 3) and changes through time in three different populations (Chapter 4) 

were addressed. The development of the gonads and reproduction of A. vachelli 
were examined (Chapter 7) to co mplement the growth data and examine the cost 
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of gonad maturation. 

1.3 Techniques Used in this Study. 
In an attempt to provide adequate detail, three suites of techniques were utilised 
(body constitution, histology and otolith microstructure). 

1.3.1 Biochemical Techniques. 
A range of body constituents were quantified biochemically: Water content was 
assessed as it is required as a medium for biological reactions (Stryer, 1981) 
and is inversely related to condition (Weatherly and Gill, 1987). Protein is a 
major component of fish musculature and may provide energy for maintenance 
in times of starvation (Love, 1970; 1980). Lipid and carbohydrates are energy 
stores with lipid being the highest in kilojoule content (Kamler, 1992). 
Carbohydrate is the immediate energy store (Lehninger, 1973) but is often in 
low levels in fish, especially in the carcass, and is often not measured (Brett, 
1969; Craig, 1977; Hails, 1983). However, recent studies suggest that 
quantification of carbohydrate provides meaningful data for the determination 
of biological condition (Black and Love, 1986, 1988; McCormick and Molony, 
1992). 

The distribution of the constituents is not uniform throughout the body 
(Brandes and Dietrich, 1953, in Love, 1970) or life of the fish (Weatherly and 
Gill, 1987). Often, lipid is concentrated in the viscera and liver in non-fatty 
fish (Weatherly and Gill, 1987) and in the carcass in fatty fish (Takama et al., 
1985). Carbohydrate is also concentrated in the liver with relatively low levels 
recorded within other parts of the body (Lim and Ip, 1989). At some periods 
of the year, energy is mobilised from one site and utilised in another, due to 
periods of non-feeding (Black and Love, 1986; Lim and Ip, 1989) or gonad 
maturation (Tansichuk and Mackay, 1989; Rowe et al., 1991). A.vachelli was 
divided into carcass, viscera (including gill arches), liver and gonads (if 
visible) in order to locate the sites of deposition and mobilisation of the 
constituents. Monitoring field populations of A. vachelli may suggest reasons 



8 

for differential partitioning throughout life. 

1.3.2 Histological techniques. 
The histology of three tissue types was undertaken to augment the results of the 
biochemical analyses. Muscle histology has been found to reflect the somatic 
growth of fish (Weatherly and Gill, 1981b, 1985). That is, changes in the size 
distribution of muscle fibres in transverse section may be related to changes in 
fish size, (Weatherly and Gill, 1985) or condition (McCormick and Molony, 
1992). As protein is concentrated in the musculature of fish (Love, 1980) 
differences in energy partitioning and storage may be detected in histological 
examination of the muscle fibres. 

Liver histology was also performed as the liver is a site of carbohydrate and 
lipid storage. Lipid is stored within vacuoles of the hepatocytes while 
carbohydrate is stored as glycogen granules in the cytoplasm (Hibiya, 1982). 
Lipid vacuoles are easily identified in histological sections of livers and are 
generally the first site of lipid mobilisation and deposition (Black and Love, 
1986), due to the screening and homeostasis functions of the liver (Stryer, 
1981). Liver histology may identify alterations in constituent levels before 
changes in somatic growth are recorded. 

In most reproductive studies the histology of the gonads is used for maturity 
classification, oocyte size determinations and fecundity (West, 1990). As no 
information is available for reproduction in A. vachelli, histological sections of 
gonads were prepared. The results were utilised in conjunction with 
biochemical data to determine the relationship between energy partitioning in 
the gonads and development. 

1.3.3 Otolith Techniques. 
It has been hypothesised that changes in growth rate and major life history 
events (eg. settlement, first feeding, spawning) may be detected within otolith 
microstructure (Wild and Foreman, 1980; Kingsford and Milicich, 1987; 
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Thorrold and Williams, 1989; Molony and Choat, 1990). The otoliths are part 
of a system involved in depth perception (Morris and Kittlemen, 1967), sound 
perception and balance (Degens et al., 1969; Gauldie et al., 1987), and 
therefore develop and increase in size as the fish grows. It appears that in all 
species of fish examined the otoliths grow on a daily basis under normal 
conditions (see reviews by Gjosmter et al., 1984; Campana and Neilson, 1985; 
Jones, 1986). Periods of starvation may reduce the width of daily increments 
(Volk et al., 1984; Neilson and Geen, 1985; Gutierrez and Morales-Nin, 1986; 
Molony and Choat, 1990) but otolith deposition may continue as otolith 
functions are indispensable to fish survival. The otoliths may be affected by 
differences in the environment, as will all other systems of the fish. However, 
there is no evidence to suggest that the otoliths are reabsorbed in times of 
stress (Simkiss in Bagenal, 1974; Thresher, 1988), suggesting that a permanent 
record of fish growth is recorded in the otolith microstructure. The sagittal 
otoliths were examined to determine if alterations in body constitution due to 
different feeding regimes were recorded. 

1.3.4 Integration of Techniques. 
The growth and condition of A. vachelli were examined integrating these three 
suites of techniques (body constitution, histology and otolith microstructure). 
However, an integrated approach has the disadvantage that variables may not 
be independent from each other. For example, the water content of an organ is 
inversely related to the abundance of energy stores (protein, lipid and 
carbohydrate) (see Love, 1970, 1980 for review). The non-independence of 
many variables has implications for the statistical analyses (Zar, 1984; Day and 
Quinn, 1989). This, coupled with the usually low sample sizes in biochemical 
analyses (due to labour intensive techniques), makes statistical analysis of 
results complex, and limits the power of any test (Zar, 1984). However, the 
advantages of providing better resolution of fish growth and condition outweigh 
the disadvantages and may lead to the identification of new interactions among 
variables. 
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Chapter 2. 
Standard Methods and Techniques. 

Several sets of standard techniques were used during this study. These are 

outlined below. In some cases techniques specific to particular experimental 

procedures were used and are described in the individual chapters. 

1. Collection and Field Techniques. 

1.1 Sample Sites. 

Ambassis vachelli is abundant in estuarine tributaries and coastal waters of 

Townsville, Australia (latitude 19°15'S, longitude 146°50'E) (Figure 2.1). The 

coastal areas of Townsville include sandy beaches, mangrove lined rivers and 

mudflats. Three sites were selected for sampling A. vachelli, based on the high 

abundances of this species and the ease of collection. 

Site 1 (Pallarenda) is a sandy beach area to the north of Townsville, (Figure 

2.2), located directly north of a swimming enclosure. A. vachelli is most 

abundant in mangrove lined tributaries (Figure 2.3) and Site 2 (Ross River) 

was located in a tributary of Ross River. Site 3 (Breakwater) was within the 

breakwater area of Townsville (Figure 2.4) where young A. vachelli are 

abundant and easily collected in large numbers. 

1.2 Collection Techniques. 

Collection of A. vachelli varied due to the habitat and size of fish at the 

different sites. At Sites 1 and 2 a seine net (12m x 2m, mesh size 6mm 

(stretched)) was dragged for a distance of 10m and pulled out of the water. At 

Site 3, small hand nets were used (15x10cm, mesh size 2.0mm) as fish were 

smaller (approximately 5-20mm standard length (SL)) and aggregated around 

pontoons, making other collection techniques impractical. The nets were used 

until a minimum of 20 individuals were collected. On some sampling trips 

fewer than 20 individuals were collected due to temporal variations in 

abundance. 
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1.3 Handling of Live Material. 

Live A. vachelli were placed in 251 plastic buckets and transported to the 
laboratory. The buckets were aerated if required. Seawater from the aquarium 

system was slowly added over several hours. Fish were held overnight to allow 

evacuation of the intestine (Goldsworthy, 1985) to remove biases of food in the 

intestine. 

2. Standard Laboratory Techniques. 
2.1 Rationale. 
Each fish consists of many different systems (eg. muscular, digestive, 
reproductive) that are interrelated. That is, a change in one system will effect 

all systems to different degrees. Throughout the present thesis each fish with a 

SL<16mm was divided into otoliths, muscle and carcass. Fish with a 
SL> 16mm were divided into otoliths, muscle, carcass, viscera, liver and 
gonads (where present) (Figure 2.5). The carcass, viscera, liver and gonads 

were analysed biochemically to determine the constitution of each tissue. 
Histological techniques were applied to liver and muscle tissue to determine if 
changes in biochemistry could be detected in the structure of the tissues. The 
otoliths were prepared to determine if the patten of increment width reflected 

changes expressed in other parts of the body. Traditional measures of condition 

(Fulton's K (K = wet weight/SL 3), Liver somatic index (LSI)) and the sagitta 

somatic index (SSI) were also calculated. 

2.2 Sacrifice of Fish. 
Fish were removed from the containers, placed in plastic bags and put in a -
20°C freezer for 2-5mins. This induced a rapid death without fixatives or loss 
of blood. The short period at -20°C did not result in tissue freezing so 

histological examination was possible. 

2.3 Dissection. 

Fish were removed from the freezer and blotted dry. The SL (±0.1mm) and 

wet weight (+0.00001g if SL < 16mm, or +0.001g if SL> 16mm) of each fish 
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was recorded. Fulton's condition factor (K) was calculated via; 

K = Wet weight/SL3  x 100 

where SL is in cm. 

Small fish (SL < 16mm) remained whole and were assigned to biochemistry or 
histology and otoliths. Large fish (SL> 16mm) were opened from mouth to 

vent along the ventral side and the viscera, including gonads and gill arches, 
were removed. Liver and gonads were separated from the rest of the viscera 
and weighed (+0.00001g). The Gonado-Somatic Index (GSI) and LSI were 
calculated from the total weight of gonads and liver respectively; 

GSI = (Gonad Weight/Wet Weight) x 100. 

LSI = (Liver Weight/Wet Weight) x 100. 

Where possible the sex of the fish was recorded. 

The gonads and liver were handled in a similar way. The gonads and liver 

were cut in half and one half was placed in pre-weighed micro-centrifuge tubes 

(1.5m1) and reweighed (+0.00001g). The difference in weight between the 
pre-weighed tube and the tube containing the tissue was calculated as wet 
weight. The remaining halves of liver and gonad were placed in a labelled 

histo-cassette and fixed in Formic acid calcium carbonate (F.A.A.C.) 
(Appendix 2). If liver or gonads were too small then the entire organ was 

assigned to histology or biochemistry. 

The viscera from each fish was placed in a pre-weighed micro-centrifuge tube. 

The difference in weight between the pre-weighed tube and the tube plus the 

viscera was calculated as the viscera wet weight. The three micro-centrifuge 
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tubes from each fish (viscera, liver and gonads) were stored at -20°C. 

The sagitta otoliths were removed from the dorsal surface of the mouth. They 

were collected by piercing the sacculus with a pair of jewellers forceps. 

Otoliths were stored dry in culture trays. 

A section (approximately 3 mm) of dorsal musculature was removed anterior to 

the base of the first dorsal fin down to the vertebral column. The section was 

placed in a histology cassette in F.A.A.C. fixative. The weight of the section 

of dorsal musculature was negligible as compared to the weight of the 

remaining carcass. The remainder of the fish (carcass) was placed in a pre-

weighed (+0.001g) 20m1 tube, reweighed and frozen (-20°C). The difference 

in weight between the tube plus the carcass was calculated as the carcass wet 

weight. 

3. Histological Techniques. 

3.1 Fixing and Storage of Tissues. 

The three tissues (liver, gonad and muscle) were fixed in F.A.A.C. After 4 

weeks, the fixative was replaced with 70% ethanol solution in which the tissues 

were stored until processing. 

3.2 Processing of Tissues. 

The tissues were processed for paraffin wax on a Shandon Duplex processor. 

The processing schedules are provided in Appendix 3. 

3.3 Sectioning and Staining of Tissues. 

The embedded tissues were trimmed at 12gm. Tissues were treated with a 

post-fixative adjuvant (10% Ammonia solution) to allow tissues to cut cleanly 

(Shapiro, 1978). Livers and gonads required 10-15mins of treatment while 

muscle blocks required overnight treatment. 

Muscle and gonad blocks were sectioned at 6/4m and liver blocks at 4gm. The 
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sections were mounted on slides with egg albumin and dried at 60°C 

overnight. Sections were stained with Mayer's haemalum and eosin and cover-

slips were mounted with DePeX mountant. The stained and mounted slides 

were then returned to a 40°C oven for several days, allowing the DePeX to 

thoroughly dry. 

3.4 Histological Data Collection. 

Data collection was aided by the use of video camera mounted on a 

microscope. An image was transferred to a computer screen and a program 

was used allowing the diameters of muscle fibres and the widths of otolith 

increments (+0.1Am) to be measured rapidly. 

3.4.1. Muscle Sections. 

The Musculus dorsalis carinatus (Figure 2.6) was used in the measurement of 

muscle fibres as this muscle is easily identified in transverse section and the 

muscle contains a large number of fibres. The fibres were measured at 100x or 

400x depending on the size of the fish. Fifty muscle fibres were selected from 

the middle of the M. dorsalis carinatus of each fish. The greatest diameter of 

each fibre was selected by eye and measured to the nearest 0.1Am. The results 

for each fish were converted to a frequency histogram with data grouped in 

10Am classes. 

3.4.2. Liver Sections. 

Individual hepatocytes were viewed at 400x. A Weiber graticule (Wild 

Heerbrugg, 1970) consisting of 42 points was placed over the screen. The 

section of each cell that the graticule points intersected was recorded as either 

vacuole or non-vacuole. The proportion of vacuoles was calculated from the 42 

points. The technique was repeated twice on each liver and the mean 

proportion was calculated for each fish. 

3.4.3. Gonad Sections. 

Gonad sections were viewed at 100-400x magnification under a compound 
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microscope. The sex of each fish was recorded and check against the 

macroscopic data collected during dissection. In the ovaries the most mature 

oocyte was recorded and staged as per the identifications of Ntiba and Jaccarini 

(1990) and West (1990) (Appendix 4). 

4. Otolith Techniques. 

4.1 Preparation of Otoliths. 

Otoliths were washed in distilled water and traces of tissue were removed with 

jewellers forceps. After allowing to dry overnight, otoliths were weighed to 

+0.00001g. The Sagitta Somatic Index (SSI) was calculated for each fish; 

SSI = 1/[(Otolith Weight)/(Wet Weight) x 100]. 

The SSI index was hypothesised as an estimate of fish condition as the otoliths 

are permanent structures and will grow throughout the life of the fish. The SSI 

will only be of use as a condition factor if the relative otolith weight remains at 

a constant ratio with fish rate (ie isometric growth of otolith and fish weight). 

As with other indices, the heavier the fish is for a given otolith weight, the 

better condition the fish is in. The SSI was not calculated for fish with sagitta 

weight less than 0.00010g as inaccuracy in weighing the otolith would produce 

erroneous results. 

The greatest diameter of the sagitta was measured via calibrated eye-piece 

micrometer. Each otolith was measured to the nearest 0.005mm. 

4.2 Sectioning the Otoliths. 

Otoliths were placed on a microscope slide on a hot-plate at approximately 

110°C. After one minute a small piece of thermo-plastic cement was added to 

one end of the slide and allowed to melt. Thermo-plastic cement was used as it 

can be reheated as often as necessary to reposition and rotate the otolith. The 

otolith was placed in the molten thermo-plastic cement and the slide was 

removed from the hot-plate. The otolith was positioned before the thermo- 
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plastic cement cooled and hardened. 

Sectioning depended on otolith size. Small otoliths were sectioned 

longitudinally (Figure 2.7) with fine grade carborundum paper (1200 grade) 

and lapping film. The otoliths were checked under a microscope regularly to 

determine if the origin had been reached. If required the otolith was turned 

over and the other side was prepared in the same way. 

Larger otoliths were sectioned transversely (Figure 2.8) as preparation time 

was shorter than preparing longitudinal sections. Transverse sections were 

prepared by positioning the otolith origin on the edge of a slide. Positioning 

was achieved at 40x magnification under a microscope and manipulating the 

otolith with a pair of jeweller's forceps while the thermo-plastic cement was 

cooling. This resulted in half of the otolith over-hanging the edge of the slide. 

When the thermo-plastic cement had hardened the portion of otolith over-

hanging the slide was ground away with 600 and 1200 grade carborundum 

paper until the edge of the slide was reached. The exposed otolith face was 

polished with 0.3pm aluminium powder. The thermo-plastic cement was melted 

and the otolith was positioned, resting on the exposed face. The thermo-plastic 

cement was allowed to cool. The otolith was ground with 600 and 1200 grade 

carborundum paper and checked regularly under a microscope at 100x 

magnification until the origin was revealed. The section was then polished with 

0.3pm aluminium powder on a felt pad. 

The completed otolith section was moved to the middle of the slide. DePeX 

mountant and a cover slip was applied and the slide was allowed to stand at 

room temperature overnight before being placed in an oven at 40°C for several 

days to set completely. In some cases thicker otolith sections were produced 

and Euparal was used as a mountant in place of DePeX as Euparal dries 

slowly, reducing the chance of air bubbles forming under the coverslip and 

obscuring the section. 
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4.3 Reading the Otoliths. 

The number of increments was counted by hand tally through a microscope at 

400x. The count was repeated three times. A second count was performed at 

least 7 days after the first count and a final count was performed at least 4 

weeks after the initial count. The three counts were compared and a mean was 

taken if the counts did not vary by more than 5%. If the counts varied by more 

than 5% a further count was taken and the three closest counts were averaged. 

Increment widths were measured using the microscope and video system as 

described for the histology section. Individual increments were measured to the 

nearest 0.1iim starting with the edge of the otolith and working towards the 

origin. The direction of measurement and the transect measured was kept 

constant between otoliths (Figures 2.7 and 2.8). 

5. Biochemical Techniques. 

When required, the tissues were freeze-dried until a stable weight was reached. 

The difference in weight between the pre-dried tissues and tubes, and the 

freeze-dried tissues and tubes, was calculated and assumed to be due to water 

loss. The water content of each tissue was calculated and expressed as mg.g-1  

of wet weight. The residual weight of dried tissue was calculated and used as a 

basis for allocating the volume of 100mM sodium chloride (NaC1) solution in 

which to homogenise the tissues (Appendix 5). This was to maintain constant 
sample loading (Hopkins et al, 1975). 

An electrical homogeniser with a teflon pestle and glass tube was used to 

homogenise the tissues. The homogenate was decanted to pre-labelled 1.5ml 

micro-centrifuge tubes. Three aliquots were collected from each tissue of each 

fish and one vial was assigned to each chemical determination, (protein, 

carbohydrate and lipid). The tubes were sealed and stored at -20°C. 

The carcasses of large fish were placed in an electric blender (250m1 volume) 

with the calculated volume of 100mM NaC1 and processed for 30 seconds 
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before being transferred to the homogeniser. Three 1.5m1 aliquots were 

collected from each carcass and stored at -20°C until analysed. 

5.1 Protein Analysis. 

Protein content of the homogenates was determined by the method described by 

Bradford (1976). This method was used as it allows the rapid determination of 
large numbers of samples. 

5.2 Lipid Analysis. 

Total lipid content was quantified using charring techniques on lipids extracted 
with chloroform and methanol as per Bligh and Dyer (1957), Hansen and 011ey 
(1963) and Mann and Gallager (1985). 

5.3 Carbohydrate Determination. 

Determination of total carbohydrate was achieved by perchloric acid extraction 
and the phenol-sulphuric acid reaction applying the methods of Mann and 
Gallager (1985) and Holland and Hannant (1973). 

Full details of the biochemical analyses are provided in Appendix 6. 
Absorbency readings were performed on a Beckman Industries DU-64 

spectrophotometer and centrifuge runs were completed on a Heraseus Sepatech 

Labofuge Ae model centrifuge. All contents were expressed as mg.g -I  of wet 
tissue weight. 

6. General Notes. 

All error bars on graphs in this thesis represent the standard error of the data 
unless otherwise specified. All statistical analyses where performed using SAS 
Institute Inc. software at a significance level of a =0.05. All multi-variate 
analyses were performed using the "Statgraphics" software package. 
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Figure 2.1 
Location of the sampling sites used in this study. Site 1 is a shallow, coastal 
area (Pallarenda). Site 2 is a mangrove tributary of Ross River, (Ross River). 
Site 3 is a breakwater area (Breakwater). (Map after J.Collins, (1993)). Note 
the shallow water depth at all sites. 





20 

Figure 2.2 
Photograph of Site 1, Pallarenda. Note that the seafloor is sandy and 
undifferentiated providing no cover. 

Figure 2.3 
Example of the habitat at Site 2, Ross River. The tributaries are within 
extensive mangrove forest. Upper reaches may become exposed on low tides. 
The water is always highly turbid. 

Figure 2.4 
The area around the pontoon at Site 3, Breakwater. The pontoon provides 
cover and shelter for a variety of fish species and the breakwater ensures calm 
water. 
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Figure 2.5 
Diagram illustrating the components of Ambassis vachelli examined in this 
study. 

Small fish (<16mm SL): Due to the small size of the fish dissection 
of the liver, viscera and gonads was not performed. Fish were either analysed 
whole for body constituents or used for histology and otolith studies. A section 
of muscle anterior to the base of the first dorsal fin was removed for histology. 
A total of 9 indices, including standard length (SL), wet weight and Fulton's 
K, were derived. 

Large fish (>16mm SL): The liver, viscera and gonads (when 
visible) were dissected and analysed separately increasing the number of 
indices for adult fish. Due to the larger size of adult the section of musculature 
collected for histology was relatively smaller than the musculature collected 
from young fish. This permitted all measures to be obtained from one fish. 
Including standard length (SL), wet weight and Fulton's K, a total of 21 
indices were derived for each fish. 
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Figure 2.6 
Examples of the dorsal musculature of Ambassis vachelli. The Musculus 
carinatus dorsalis (*) was the muscle block examined for the distribution of 
muscle fibre diameter. 

Juvenile (9.0mm SL). Scale bar = 100Am. 
Adult (48.6mm SL). (Note the presences of a Digenian parasite 

(arrowed) within the musculature). Scale bar = 100/im. 
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Figure 2.7 
Longitudinal section of a sagitta from a juvenile Ambassis vachelli (SL = 
6.7mm, age = 24d). Arrow indicates the axis used for increment counts and 
width measurements. Scale bar = 50pm. 

Figure 2.8 
Transverse section of a sagitta from an adult Ambassis vachelli (SL = 
52.0mm, age = 285d). 

Whole section. Arrow indicates the axis used for increment counts 
and width measurements. Scale bar = 5012m. 

Enlarged view of Figure 2.8a. Note the wider increments towards 
the origin of the otolith. Scale bar = 100tim. 
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Chapter 3. 

The Life History of Ambassis vachelli: 
The Influence of Body Size and Age. 

Summary. 

The influence of body size on body composition, muscle histology, and otolith microstructure 

was examined in Ambassis vachelli. All individuals included in these studies were obtained 

from field populations and pooled into 5mm SL size classes. The fish appear to grow through 

four phases; early juvenile, late juvenile, adult and large adult. The results indicate that there 

is an initial phase of rapid growth in SL lasting approximately 120d. After 120d, growth in 

terms of wet weight increases while growth in standard length (SL) remains at the same rate. 

At approximately 170d the gonads begin to develop. Gonad development causes energy to be 

directed from somatic growth into gonad growth and continues until the gonads are mature. At 

maturation, body stores of lipid, protein and carbohydrate are relatively low and the fish are 

approximately 225d. The fish are likely to spawn during the adult phase. It appears that some 

fish grow beyond the adult phase, maintaining ripe gonads, and directing extra energy into 

depositing body stores. There is no evidence to suggest that A. vachelli lives more than 370d. 

Introduction. 
Growth varies throughout the life of a fish. Fish growth occurs rapidly in the 

early ontogenetic stages of a species (larvae and juveniles), and decreases as 

fish increase in age. At a certain point, somatic growth may be further reduced 

to allow energy to be diverted from somatic growth to the development of 

gonads (Weatherly and Gill, 1987). However, many studies examine only the 

changes in length and weight data. 

To fully understand the growth of a species of fish a more detailed strategy is 

required than just length and weight data. This is because length and weight 

are not true measures of growth but the overall result of growth. Growth is 

really a complex array of interrelationships at the level of cells and molecules. 

Biochemical and histological studies can provide detailed data on the growth of 

fish in terms of chemical abundance and cell size and numbers, that can be 

related to changes in fish length and weight. Therefore, by integrating a range 

of techniques a detailed description of fish growth can result. 
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Fish age is an important variable in fish growth (Japp, 1990). Length has been 

utilised to age fish (Cassie, 1954), however this technique has many drawbacks 

(Weatherly and Gill, 1987). The use of otolith microstructure has not only 

provided a tool to age fish, but may also provide a history of growth of the 

individual fish (Wild and Foreman, 1980; Gutierrez and Morales-Nin, 1986; 

Kingsford and Milicich, 1987; Thorrold and Williams, 1989; Molony and 

Choat, 1990). When otolith microstructure data is integrated with biochemical 

data, histological data, and fish length and weight data, considerable insight 

into the growth of a species is possible (Suthers et al., 1992). 

Relatively few studies have been undertaken examining the growth of fish 

using an integrated approach (ie. biochemistry, histology, otolith microstructure 

and fish morphometrics) (Theilacker, 1978; Suthers et al., 1992). Fewer 

studies exist examining the biochemical growth of tropical estuarine fishes even 

though the importance of estuarine fish economically and as food for 

commercial species is indicated in the literature (Venkataramanujam, 1981; 

Venkataramanujam and Ramamoorthi, 1981; Robertson and Duke, 1987). 

As a basis for further experiments on the tropical estuarine fish A. vachelli it 

was required that the effects of size and age be examined. This would provide 

information from a complete size range of individuals from the field, allowing 

comparisons between field and laboratory populations. The data would also 

provide a description of growth throughout the life of A. vachelli. 

Methods. 

Fish were collected from the three sites (Figure 2.1) using the methods 

described in Chapter Two. All fish were collected in March 1991 and pooled. 

Fish were divided into size classes based on the formula from Wolff (1989); 

Interval size = 	(Lmax x 0.1)  
Number of modal groups 

where Lmax is the maximum length for the species. Generally, samples of 

A. vachelli consisted of a single modal group, therefore; 
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Interval size 	62 x 0.1  
1 

= 6.2mm SL size classes. 

The only study on the body constitution of fish from the genus Ambassis was 
by Vijayakumaran (1981a) who utilised 5mm SL size classes. In the present 

study 5mm SL size classes were used as this is the same size class as used by 

Vijayakumaran (1981a) and is similar to the class size calculated from the 

equation by Wolff (1989). A total of 13 size classes were used in the present 

study, from 0-5mm SL to 61-65mm SL. Five fish per size class were selected 

and the mean and standard error of the data calculated. The exceptions were 

the 0-5mm SL and 61-65mm SL classes where only 3 and 1 fish respectively 

were caught. Details of all techniques are provided in Chapter 2. 

In the description of the otolith variables, a computer program that allowed the 

plotting and description of the relationships was used. The equations of the 

lines described in the text are the best fit for the data. 

The relationships between size class, the biochemical constituents of the 

carcass, viscera and liver, and the modal muscle fibre size was examined via 

partial correlations and principal components analysis (PCA). The partial 

correlations were used to examine the relationships between variables, when all 

other variables were held constant (Zar, 1984). The PCA was used to examine 
the spatial relationship between variables. 

Results. 
Captured Ambassis vachelli ranged in size from 3.9mm SL to 61.9mm SL. The 

increases in wet weight in terms of SL for A. vachelli (Figure 3.1) is best 

described by a second order polynomial with the equation; 

Wet weight = -0.632 + 0.083(SL) + -0.003(SL) 2 	r2  = 0.991. 

The polynomial indicates that increases in SL and weight vary over the size 
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range of the fish. Small fish increase in length rather than weight, resulting in 

rapid increases in SL during early life. Growth in SL declines in larger fish, 

with rapid increases in wet weight. 

A. Biochemistry. 

Water content of the carcass varied significantly across the size range of 

Ambassis vachelli (Figure 3.2). Carcass water content was initially low 

(680mg.g-1) in small fish (0-5mm SL), rising as the fish increased in size. The 

water content of the carcass peaked in fish between 20-30mm SL at 

approximately 764mg.g-1 . As fish exceeded 30mm SL, the carcass water 

content decreased to approximately 735mg.g 1 . Protein content of the carcass 

(Figure 3.2) fluctuated slightly around a level of 70mg.g -1  with no significant 

differences between the different size classes. The lipid content of the carcass 

was significantly higher in fish less than 10mm SL. Fish greater than 10 mm 

SL displayed lower lipid contents, decreasing further in fish greater than 45 

mm SL. The carbohydrate content of the carcass followed a similar pattern to 

lipid content, being significantly higher in small fish (less than 10mm SL), 

before stabilising level of approximately 5mg.g-1  in fish greater than 10mm SL. 

No data were collected for the biochemical constitution of the viscera for fish 

smaller than 16mm SL due to difficulties in dissection. Although the water 

content of the viscera tended to decrease as fish size increased, the water 

content was only significantly lower in fish greater than 60mm SL (Figure 

3.3), reducing to levels below the water content of the carcass. Protein levels 

of the viscera fluctuated between 40 and 70mg.g -1 , being significantly lower in 

fish greater than 55mm SL. The lipid content of the viscera displayed a pattern 

opposite to that recorded for carcass lipid content. Fish greater than 55mm SL 

displayed a significantly higher visceral lipid content than fish in the smaller 

size classes. This is due to the presence of visceral fat stores around the 

intestine in older fish. The lipid content of larger fish was up to 300mg.g -I , 

over three times the level in fish of the smaller size classes. The carbohydrate 

levels did not vary significantly between the different size classes, remaining at 
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a low level (less than 16mg.g-1 ). 

Only livers from fish larger than 30mm SL were dissected and analysed. Water 

content was significantly higher in livers in fish from smaller size classes 

(Figure 3.4). Although liver water content decreased with increasing fish size, 

fish between 45 and 55mm SL displayed an increase in water content. Protein 

content of the livers was significantly lower in fish greater than 55mm SL. 

Liver lipid displayed an opposite pattern reaching the highest levels in fish 

from the largest size classes. However, no significant difference was recorded 

in liver lipid content between fish from different size classes. Carbohydrate 

content of the liver varied significantly throughout the different size classes. 

Fish from the smaller size classes displayed significantly lower carbohydrate 

contents than larger fish. The carbohydrate content of the liver was 

considerably higher than the carbohydrate content of the carcass and viscera. 

The data indicate that energy partitioning varies throughout the life of 

vachelli. The increases and decreases in lipid content in the various sections 

of the fish indicate that the major storage sites of lipid are the liver and the 

visceral fat body. The major carbohydrate store is also found in the liver. 

Protein is most abundant in the carcass and is the most conservative of the 
three stores. 

Muscle Histology. 

As body size increased the abundance of small fibres decreased (Figure 3.5). 

In fish from the smallest size class (0-5mm SL) nearly all muscle fibres were 

less than 10pm in diameter (96%). A few fibres were recorded as being 11-

20µm in diameter. 

Decreases in the abundance of small fibres were recorded until fish reached 26-

30mm SL where no small fibres (0-10pm) were present. The 26-30mm SL size 

class therefore marks the point where hyperplastic (growth resulting from the 

increase in the number of fibres) muscle growth ends. Therefore, further 
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somatic growth is limited to hypertrophic growth of muscle fibres. The 

maximum fibre size recorded in fish from the 26-30mm SL size class was 100-

110µm. However, most of the fibres were less than 60Am in diameter, 

indicating that fibres are still able to grow. 

As fish size increases further the number of fibres below 60Am in diameter 

decreases. Modal fibre diameter in fish from the largest size class is 80-90Am. 

As the largest fibre recorded was 169.3Am, (in fish from the 46-50mm SL size 

class), it appears that the fibres have a potential to continue growing. 

C. Otolith data. 

The increase in sagitta length displayed a linear relationship with SL (Figure 

3.6) suggesting that otolith growth is consistent with somatic growth; 

Sagitta length = 0.214 + 0.509(SL) 	r2  = 0.972. 

The y-intercept of 0.214mm suggests that the length of a sagitta from a newly 

hatched larvae should be approximately 0.2mm (if the length of a newly 

hatched larva is 0mm SL. [The length of a larva of 0 d of age is approximately 

2.13mm SL, (see text below)]). This is supported by the regression of sagitta 

length versus age in days (Figure 3.9); 

Age = -29.075 + 97.109(Sagitta length) r 2  = 0.954. 

as the x-intercept of the regression suggests that the sagitta is relatively large 

(0.299mm) in fish of Od of age. However, data collected from ground otoliths 

indicates that the length of the sagitta at hatching is much smaller (Table 1). 

The discrepancy indicates that the linear model does not account for the early 

growth of A. vachelli otoliths. 
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Table 1. Summary data of the measurement of the length of 
the first increment in the sagitta otolith of 
Ambassis vachelli. 

ilarige 
mm  

MOM :::Standaid .: :::DeViation 

10 0.020-0.045 0.029 0.00903 

Initially, the sagitta increased in length rapidly when compared to sagitta 

weight (Figure 3.8). As the sagitta reaches approximately 1.5mm in length 

(approximately 25mm SL), the growth of the otolith in terms of length reduces, 

while sagitta weight increases. The pattern is similar to the SL-wet weight 

relationship (Figure 3.1), indicating that otolith growth is similar somatic 

growth. 

The relationship between SL and age is described by the line (Figure 3.7); 

Age = -10.819 + 5.090(SL) 	 r2  = 0.895 

and suggests that the hatching size of A. vachelli is approximately 2.13mm SL. 
When wet weight is compared to age data it appears that initial growth in wet 

weight is relatively low (Figure 3.10). As fish increase in age, wet weight 

increases rapidly. The rate of increase in wet weight appears to be highest in 

fish older than 200d. The relationship between fish wet weight and age is best 

described by the polynomial; 

Age = 64.320 + 112.870(Wet weight)+(-14.730(Wet weight) 2) r2  = 0.824. 

The x-intercept of this equation suggests that the wet weight of a newly hatched 

A. vachelli larvae (age = 0) of 2.13mm SL approximates zero. The wet weight 

of the smallest individual captured (3.9mm SL) was 0.00351g. 

The weight of the sagitta when compared to the wet weight of the fish (Figure 

3.11) indicates sagitta growth is consistent with fish growth in wet weight. 

However, in larger fish the growth of the sagitta is reduced in relation to 
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growth in wet weight of the fish, producing a curved relationship. This 

relationship is best described by the polynomial; 

Sagitta weight = 0.0038 + 0.0024(Wet weight) - (0.0002(Wet weight) 2) 
r2  = 0.947. 

When age is compared to sagitta weight it appears that the sagitta otolith 

rapidly increases in weight after approximately 75d (Figure 3.12). The pattern 

of increase in sagitta weight in regard to age is best described by polynomial; 

Age = 59.83 + (79407.35(Log[Sagitta weight+1]) - 

(66583.10(Log[Sagitta Weight2]) 	r2  = 0.8941 	r2  = 0.890 

The sagitta somatic index (SSI) increased with increasing fish size (Figure 

3.13) due to the relative weight of the sagitta decreasing with increasing wet 

weight. Larger fish tended to have higher levels of energy stores and SSI, 

indicating that the use of the SSI as a condition index is limited to comparing 

fish of similar sizes. Further, the accuracy of weighing the sagitta increased 

with sagitta weight and the SSI may only be of use in fish larger than 30mm 

SL. 

When the sagittal increments are examined it appears that there is a rapid phase 

of sagittal growth between 0-60 d (Figure 3.14). At approximately 20 d of age, 

the width of the increments peak at 7.75Am. After 20 d, the increment widths 

decline. After 350 d the width of the increments is below 2.0Am. The otolith 

increment data indicates that the growth of A. vachelli varies throughout life. 

The use of increment widths may provide a sensitive indicator of fish growth 

history. 

The otolith data indicates that the growth of the sagitta is closely related to the 

somatic growth of the fish. Relationships between wet weight and age, SL and 

age and sagitta weight and age indicate that estimates of fish age may result 
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from the measurement of these variables. 

D. Integration of Techniques. 

In general, low correlations exist between the variables examined (Table ). 

Only one correlation produced a r2-value of greater than 0.5 (liver lipid content 
- liver water content: r2  = 0.7174). The low correlations indicate that the 
predication of a variable, when one variable is known, is not possible with a 

high degree of confidence. This fact is supported by the PCA which indicates 

that few of the variables occupy similar positions in space (Figure 3.15). Of 

interest is the proximity of the liver water and protein contents suggesting that 

these variables may co-vary. However, this is not supported by the partial 

correlation data (Table 2). 
Table 2. Partial correlations between the tested variables. Note that all values represent r2 and are relatively low, 
suggesting a low degree of correlation between the variables. (CARB = carbohydrate, MFD = Mean muscle fibre 
diameter, 1  = Carcass constituent, 2  = Viscera constituent, 3  = Liver constituent). 

/Water 'Protein "Lipid 1CARB 2Water 2Protein. 2Lipid 2CARB 3Water 3Protein 3Lipid 3CARB,MFD 

Size 0.0696 0.0689 0.2322 0.0230 0.0513 0.0163 0.0575 0.0151 0.0044 0.316 0.0003 0.1653 0.3159 
/Water 1.0000 0.0072 0.3159 0.0147 0.0139 0.0232 0.0004 0.0580 0.0008 0.0000 0.0020 0.0003 0.0391 

1 Protein 1.0000. 0.1782 0.0642 0.1794 0.3181 0.0057 0.0370 0.0273 0.1353 0.0563 0.0242 0.0472 

1Lipid 1.0000 0.0114 0.1341 0.1475 0.0002 0.0011 0.0483 0.0373 0.0857 0.1845 0.0381 

1CARB 1.0000 0.0332 0.0644 0.2096 0.0092 0.4237 0.4351 0.4009 0.0091 0.0017 

2Water 1.0000 0.2167 0.0631 0.0001 0.0061 0.0399 0.0593 0.0247 0.0475 

2Protein 1.0000 0.0708 0.0082 0.0125 0.0866 0.1011 0.0017 0.0575 

2Lipid 1.0000 0.0001 0.1725 0.2703 0.1526 0.0290 0.0150 

2CARB 1.0000 0.0740 0.0012 0.0226 0.0249 0.0017 

3Water 1.0000 0.1616 0.7174 0.0186 0.0056 

3Protein 1.0000 0.2832 0.0017 0.0017 
3Lipid 1.0000 0.0271 0.0271 

3CARB 1.0000 0.0108 

The integration of the three data types (biochemistry, histology and otolith 

microstructure) resulted in the identification of four phases in the life of 

A.vachelli. These phases were early growth, (2.13-25mm SL), late juvenile, 

(26-35mm SL), adult (36-50mm SL) and large adult, (51-61.9mm SL)(Table 

3). Although SL and wet weight are provided in Table 3 these two variables 

were not the only basis of division into four growth phases. 
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Table 3. Growth characteristics of Ambassis vachetli  throughout life. CARBO. = 
Carbohydrate. All biochemical values are in mg.g I . (Note: Few fish were caught with large 
adult characteristics; Liver data in phases 3 and 4 is for females only). 

Early Growth : 0-120d, 0-25mm SL, 0-0.300g wet weight. 
Moda 
Otol 

fibre size: 40-50pm. 
th increment widths; 3.0-7.75pm. 

VISCERA :  LIVER b"AONAD 9 GONAD 

WATER 730 na na na na 

PROTEIN 75 na na na na 

LIPID 85 na na na na 

CARBO. 15 na na na na 

Late Juvenile: 	120-170d, 26-35mm SL, 0.300-1.000g wet weight. 
Modal fibre size: 50-60pm. 
Otolith increment widths: 2.5-3.Opm. 

CARCASS 	 VISCERA LIVER c 	GONAD.:  9 GONAD 

WATER 770 750 760 750 800 

PROTEIN 75 65 70 50 25 

LIPID 40 75 100 70 50 

CARBO. 7 10 15 30 80 

Adult: 17O-250d. Females to 55mm SL, 4.000g wet weight. 
Males to 45-50mm SL, 2.250g wet weight. 
Modal fibre size: 70-80pm. 
Otolith increment widths: 2.0-2.5pm. 

CARCASS .  VISCERA.; LIVER ,9 GONAD: 

WATER 740 770 725 850 600 

PROTEIN 70 50 100 50 125 

LIPID 30 40 90 25 300 

CARBO. 5 10 30 5 10 

Large Adult: Females to 350d, 62mm SL, 6.500g wet weight. 
Males to 300d, 55mm SL, 4.250g wet weight. 
Modal fibre size: 70-90pm. 
Otolith increment widths. 1.75-2.0pm. 

CARCASS ::NTSCERk 44yERI 	 ::GONAD 9.:,,46NAD 

WATER 740 640 580 850 600 

PROTEIN 70 50 50 50 125 

LIPID 25 175 225 25 300 

CARBO. 5 20 75 5 10 

Discussion. 

The growth of fish is not constant through time. Apart from environmental 

fluctuations causing changes in growth rate (eg. temperature, (Biette and 

Green, 1980; Allen and Wootten, 1982; Vondraek et al., 1988) salinity, (Hoar 

et al., 1979; Weatherly and Gill, 1987), and food supply, (Goldsworthy, 1985; 
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Basio and San Antonio, 1986; Boisclair and Leggett, 1989a,b), the pattern of 

growth in a species of fish may be dependant on internal factors, (eg. maturity 

cycles (Craig, 1977), and genetics (Balbontin et al., 1973)). The result is the 

variation of energy partitioning throughout life between somatic growth, 

storage and reproduction. In A. vachelli, dividing the species into 5mm SL size 

classes and assessing a range of variables allowed the identification of four 

phases of growth; early growth, late juvenile, adult, and large adult (Table 2). 

During the early growth phase A. vachelli grows from a newly hatched larvae 

of 2.13mm SL to a juvenile of 25mm SL. The hatching size estimated from the 

regression between age and SL is larger than the hatching size reported for 

other species of the genus Ambassis (0.9mm SL, A.commersoni, 
Venkataramanujam, 1975; Venkataramanujam and Ramamoorthi, 1981;, 

1.6mm SL, A.agrammus, Semple, 1985; 0.9-1.4mm SL, Leis and Trnski, 

1989). The large size of hatching estimated from the regression may be due 

this A. vachelli being relatively large at hatching, or due to the smallest 

individual sampled being 3.9mm SL, biasing the relationship (Zar, 1984). In 

the early growth phase, all energy is partitioned into somatic growth of the 

fish, resulting in a rapid increase in fish SL and wet weight, with no evidence 

of energy storage. By the end of the early growth phase the recruitment of new 

fibres (hyperplastic growth) has ceased and therefore all further increases in 

muscle size and body size will be due to increases in the diameter of the 

existing fibres (hypertrophic growth) (Weatherly and Gill, 1987). 

The end of fibre recruitment will have implications on the subsequent growth 

of a fish. The maximum diameter an individual fibre can grow will be limited 

by the rate of diffusion of metabolites in and out of the fibre. The rate of 

exchange is constrained by the surface area to volume ratio of the fibre 

(Weatherly and Gill, 1985, 1987). Therefore, a limit on the number and size of 

fibres in a muscle will limit the maximum size a muscle can obtain, therefore 

limiting the maximum size a fish can acquire (Weatherly and Gill, 1985). 

Therefore, the end of fibre recruitment is a major point in the growth of a fish. 
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The termination of fibre recruitment may be evidence of a life history decision 

(Wright et al., 1990) in A. vachelli in which the investment in somatic growth 

has been reduced to allocate more energy to storage for future gonad 

development. 

In the second phase of growth in A. vachelli, the rate of growth in wet weight 

increases resulting in a clear inflection in the SL-wet weight relationship 

(Figure 3.1). The increase in wet weight is accompanied by an increase in 

modal muscle fibre size and a stabilising of the abundances of carcass 

constituents, approximating adult levels. However, water content of the viscera 

and liver are higher in fish in the late juvenile phase than in the adult phase, 

indicating that further assimilation of energy will occur. Somatic growth and 

energy assimilation for reproduction may occur simultaneously in teleosts (eg. 

Pleuronectes platessa (Rijnsdorp et al., 1990)) and occurs in A.vachelli, as 

supported by continuing somatic growth and the presence of visible gonads in 

fish at the end of phase two (30-35mm SL). Therefore, in the second phase of 

life, growth in SL is reduced and partitioning of energy into visceral stores has 

commenced. Evidence of somatic growth reduction is indicated in the sagitta 

increment widths reducing to approximately 3.0p.m. 

Throughout the second phase of growth and into the third phase, the viscera fat 

bodies develop and may obscure the entire intestine. However, the lipid content 

of the viscera reduces in larger fish indicating the mobilisation of the visceral 

lipid store. The liver lipid and carbohydrates follow a similar pattern of 

deposition and subsequent mobilisation as fish increase in size. This energy is 

likely to be redirected into reproduction as somatic growth is further reduced in 

A. vachelli during the third phase. Fish within the adult phase of life may have 

gonads at stages 3-5 of maturity and may spawn within this phase. 

Few A.vachelli live past the third phase and into a final phase (large adults). 

During this phase of life, wet weight continues to increase rapidly but growth 

in SL has further reduced. Little energy is partitioned into gonad development 
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as the gonads are already at a late stage of maturity. Therefore excess energy is 

redeposited into the liver and visceral fat body, as recorded by increases in the 

levels of lipid and carbohydrate. The fourth phase of life in A. vachelli may be 
a senescence stage of life. Evidence of senescence is recorded in the muscle 

fibres where few fibres over 140Am were present in large adults, as compared 

to fibres up to 170Am in diameter in fish from phase three. This senescent 

phase of life is supported by the age data which indicates that A. vachelli does 

not live beyond one year. 

Vijayakumaran (1981a) divided A.gymnocephalus (85mm SL maximum) into 

four groups based on maturity. With increasing maturity lipid, protein and 

carbohydrate contents all increased until spawning when all three constituents 

reduced to levels below those recorded for immature fish. Vijayakumaran 
(1981a) suggested that spent fish could not recover as energy content was 

reduced by up to 26% during reproduction. Chellappa et al. (1989) concluded 

that a low energy reserve after spawning could be a major cause of mortality in 

male Gasterosteus aculeatus from annual populations. Although completely 

spent A. vachelli were not captured, evidence of senescence exists in the muscle 

fibre data and otolith increment data. The recording of very few old, large, 

fish supports the hypothesis that A. vachelli does not live beyond the first year. 

It is possible that an individual may die at the end of the first spawning period. 

Although the concentration of carbohydrate is relatively low in the carcass of 

A. vachelli it still displays trends throughout the development of the fish. The 

carbohydrate content of fish has often been neglected. Many studies either do 

not attempt to measure the content, (e.g. Caulton and Bursell, 1977; Craig, 

1977; Hails, 1983; Deegan, 1986; Tabachek, 1986; Conrad et al., 1988; 

Gamperl et al., 1988; Hay et al., 1988), or assume that the carbohydrate level 

is approximately 0.5% of body weight, (5.0mg.g -1), (e.g. Brett et al., 1969). 

From the present study and several others, (e.g. Black and Love, 1986, 1988; 

McCormick and Molony, 1992), the carbohydrate content can be reliably 

measured and significantly varies throughout ontogeny. Therefore, variations in 
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the level of carbohydrate are biologically significant. 

The growth of the sagitta in length and weight is similar to somatic growth of 

A. vachelli. The sagitta increased rapidly in length during early life, before 

increasing rapidly in weight. Changes in the somatic growth are also recorded 

in the sagittal increment widths. The changes in increment width through 

ontogeny can be related to changes in growth and energy partitioning. This is 

typical of many fish species, (Balbontin et al., 1973; Marshall and Parker, 

1982; Millner et al., 1991; May and Jenkins, 1992; McCormick, pers. 

comm.)). The width of daily increments has been used as a proxy for growth 

rate in many species (see review by Campana and Neilson, 1985; Gutierrez 

and Morales-Nin, 1986), including A. vachelli (Molony and Choat, 1990), with 

wider increments corresponding to a higher somatic growth rate. 

Age estimates of individual A. vachelli can be obtained from SL, sagitta length 

and sagitta weight, indicating that age can be determined rapidly without the 

death of the fish (SL) or without time consuming preparation and reader biases 

involved with otolith increment counting (sagitta length and weight). The use 

of otolith morphometrics to age fish is supported by Boelhert (1985) who used 

sagitta weight, sagitta length and sagitta width to age fish between 1 and 50 

years old. The ability to reliably age fish without preparing otoliths results in 

time and cost savings in the collection of age data. However, as the fish are 

sampled from an unknown history of feeding, and feeding affects growth (see 

Chapters 6 and 7) the use of validated otolith increments is still required to 

provided accurate age data. 

The sagitta may provide an estimate of condition especially in older fish, as 

sagitta weight decreases in proportion to the wet weight of the fish, thus 
increasing the SSI. However, as the accuracy of weighing the sagitta increases 

with sagitta size, the SSI may only be accurate in older fish (over 30mm SL). 

The application of the SSI is further limited by the allometric nature of sagittal 

growth. This results in the SSI being restricted to compare fish of a similar 
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size, a similar restriction to Fulton's K. However, as the calculation of the SSI 

requires the death of the fish and dissection, the use of Fulton's K is still 
preferred over the SSI. 

Surprisingly, low correlations exist between the many variables estimated on 

each fish. Similar results were found by McCormick (1993) and Suthers et al., 
(1992). This results indicates that the relationships between variables are more 

complicated than anticipated and that the use of multiple variables is 

recommended to accurately describe fish growth and condition (Black and 

Love), 1986). In conclusion, data collection should involve the estimation of as 
many fish variables as possible. 

The life of A. vachelli can be summarised as an increase in size and energy 

storage which is mobilised to gonad production. The maturation and growth of 

the gonads is at the cost of reduced somatic growth. Changes in growth rate 
and energy partitioning are recorded in the sagitta otoliths, muscle fibre 

distributions and biochemical indices. Few fish live beyond 250d and no 

records exist of A. vachelli surviving beyond the first year. 
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Figure 3.1 
The length-weight relationship of Ambassis vachelli captured in the field. 

Females. 
Males. 
Juveniles and Immature fish. 
Combined. 

Combined relationship: y = -0.632 + (0.08) + (-0.003x 2). 
r2  = 0.991. 
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Figure 3.2 
Variations in the levels of body constituents with size in the carcass of 
Ambassis vachelli. 

Water content. 
Protein, lipid and carbohydrate contents. 

1111 Protein 

Lipid 

Carbohydrate 

Summaries of the ANOVA results comparing the levels of carcass constituents among fish from 
different size classes. (DF = degrees of freedom; MS = mean sun of squares). 

Variable Source OF MS Probability 

Carcass 
Water.Content Size 12 1835.17 0.0005 

Error 46 478.52 

Protein Content Size 12 101.23 0.9222 
Error 46 215.53 

Lipid Content Size 12 1126.96 <0.0001 
Error 46 243.68 

Carbohydrate Size 12 28.15 0.0012 
Content Error 46 8.22 
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Figure 3.3 
Differences in the levels of body constituents with size in the viscera of 
Ambassis vachelli. Viscera from fish below 16mm SL were not dissected. 

Water content. 
Protein, lipid and carbohydrate contents. 

Protein 

Lipid 

Carbohydrate 

Summaries of the ANOVA results comparing the levels of viscera constituents among fish from 

different size classes. (DF = degrees of freedom; MS = mean sum of squares). 

variable Source DF MS Probability 

Viscera 

Water Content Size 9 11052.60 0.0035 
Error 32 3186.55 

Protein Content Size 9 611.55 0.0170 

Error 32 222.93 

Lipid Content Size 9 16619.30 <0.0001 

Error 32 2543.10 

Carbohydrate Size 9 50.36 0.1503 

Content Error 32 31.00 
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Figure 3.4 
Variations in the levels of body constituents with size in the liver of Ambassis 
vachelli. Livers from fish below 30mm SL were not collected. 

Water content. 
Protein, lipid and carbohydrate contents. 

1111 Protein 

Lipid 

MI Carbohydrate 

Summaries of the ANOVA 
different size classes. 

results comparing 
(DI = degrees of 

the levels of liver constituents among fish from 

freedom; MS = mean sum of squares). 

Variable 

liver 

Source Of MS Probability 

Water Content Size 6 13090.70 0.0089 
Error 21 3348.74 

Protein Content Size 6 2282.24 0.0121 
Error 21 624.47 

lipid Content Size 6 10097.90 0.1041 
Error 21 4933.29 

Carbohydrate Size 6 3888.79 0.0009 

Content Error 21 651.92 
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Figure 3.5 
The distribution of muscle fibre diameters the Musculus carinatus dorsalis of 
Ambassis vachelli. 5mm SL size classes were used. 

0-5mm SL. 

6-10mm SL. (n=5). 

11-15mm SL. (n=5). 

16-20mm SL. (n=5). 

21-25mm SL. (n=5). 

t). 26-30mm SL. (n=5). 

g). 31-35mm SL. (n=5). 
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Figure 3.5 concluded. 

36-40mm SL. (n=5). 

41-45mm SL. (n=5). 

46-50mm SL. (n=5). 

51-55mm SL. (n=5). 

1). 56-60mm SL. (n=5). 

m). 61-65mm SL. (n=1). 
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Figure 3.6 
The relationship between otolith length and standard length (SL) in Ambassis 
vachelli. 

Females. 
Males. 
Juveniles and Immature fish. 
Combined. 

Combined relationship: 	y = 0.509x + 0.214. 
r2  = 0.972. 
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Figure 3.7 
The relationship between standard length (SL) and age derived from the sagitta 
in Ambassis 

Females. 
Males. 
Juveniles and Immature fish. 
Combined. 

Combined relationship: 	y = 105.206x + (- 36.097). 
r2  = 0.949. 

Note that the high correlation coefficient may allow age estimation from SL 
data. 
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Figure 3.8 
The length-weight relationship of the sagitta in Ambassis vachelli. Note the 
similarity on the shape of the relationship to the length-weight relationship of 
the fish, (Figure 3.1) 

Females. 
Males. 
Juveniles and Immature fish. 
Combined. 
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Figure 3.9 
The relationship between sagitta age and sagitta length in Ambassis vachelli. 

Females. 
Males. 
Juveniles and Immature fish. 
Combined. 

Combined relationship: 	y = 5.357x - 13.790. 
r2  = 0.895. 

The relatively high correlation coefficient (0.895) may allow age estimation 
from sagitta length. 
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Figure 3.10 
Correlation between sagitta derived age and fish wet weight in Ambassis 
vachelli. 

Females. 
Males. 
Juveniles and Immature fish. 
Combined. 

Combined relationship: y = 64.320 + (112.870x) + (-14.730x 2). 
r2  = 0.824. 
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Figure 3.11 
The relationship between sagitta weight and fish wet weight in Ambassis 
vachelli. 

Females. 
Males. 
Juveniles and Immature fish. 
Combined. 

Combined relationship: y = 0.0038 + (0.0024x) + (-0.0002x 2). 
r2  = 0.947. 
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Figure 3.12 
The relationship between sagitta weight and age derived from the sagitta in 
Ambassis vachelli. 

Females. 
Males. 
Juveniles and Immature fish. 
Combined. 

Combined relationship: 
y = 37.87 + (88777.34x) + (1.53x10 -7x2) + (1.29x10-9x3) 

+ (3.63x10-1°x4). 	 r2  = 0.855. 

Note that the high correlation coefficient (0.855) may allow an estimate of age 
from sagitta weight data. However, accuracy of weighiyhe sagitta increases 
with sagitta weight and therefore fish size. 
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Figure 3.13 
The relationship between the Sagitta-Somatic Index (SSI) and fish standard 
length (SL) in Ambassis vachelli. Note that the relative weight of the sagitta is 
high in small (young) fish as compared to the wet weight of the fish. As the 
fish increases in weight, the relative sagitta weight decreases. This suggests 
that the initial development of the sensory system is relatively fast. This index 
has potential as a condition index (see chapter 6). 
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Figure 3.14 
The daily growth of the sagitta in Ambassis vachelli as 
measured by increment widths. Note the rapid rise in daily 
increment size up to 40d followed by a decline throughout the 
life of a fish. This suggests a period of rapid growth in 
young A.vachelli. (n=56). 

Figure 3.15 
Results of the Principle Components Analysis (PCA) displaying 
the biochemical constituent variables plotted in three-
dimensional space. 

Key: 1 - Liver water content 
2 - Liver protein content 
3 - Viscera water content 
4 - Carcass protein content 
5 - Viscera carbohydrate content 
6 - Carcass lipid content 
7 	Liver carbohydrate content 
8 - Mean muscle fibre diameter 
9 - Standard length 
10 - Viscera lipid content 
11 - Carcass carbohydrate content 
12- Viscera protein content 
13 - Carcass water content 
14 - Liver lipid content. 
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Chapter 4. 

Temporal Variation in Growth Characteristics of Ambassis 
Vachelli from Three Sites in the Townsville Region. 

Summary. 
Three populations of the tropical estuarine fish Ambassis vachelli were examined to determine 
changes in body constituent levels through time. Surface salinity and temperature and rainfall 
and air temperature data were recorded for each site at each time. The populations at each site 
were of a different size and age structure. The body constitution in young A. vachelli varied 
throughout the year but did not correlate with changing environmental conditions. Alterations 
in energy partitioning in larger fish did not appear to vary with the environment in an 
predictable way, suggesting a high degree of tolerance. Variations in the body constitution of 
adult A. vachelli may be due to the partitioning of energy between storage and gonad 
maturation, with a peak in reproduction towards the end of the year. 

Introduction. 
The condition of a fish will not only change with age and size but also through 

time. This is due in part to the processes of energy partitioning between 

somatic and gonad growth and the effect of the environment. The effects of 

variations in energy partitioning and the effect of the environment may be 

displayed as cycles of body constituents (Love, 1970; 1980; Weatherly and 

Gill, 1987). 

In tropical estuaries and coastal waters rapid changes in salinity and 

temperature are expected and may have a major impact on the fish and other 

animals inhabiting these areas (Martin, 1988). Fish in these habitats cannot 

avoid fluctuating conditions by moving to deeper, more stable water but must 

tolerate the conditions. Tolerating the prevailing conditions may result in 

higher energetic costs from regulatory processes as environmental temperature 

and salinity move away from the species optimum (Love, 1980). 

To ascertain the levels of natural variation in the local populations of A. vachelli 

a study was undertaken to monitor the changes in the body constitution and the 

environment through time. The aims were to identify variations in the levels of 

biochemical constituents and the reproductive index of A. vachelli and to 

interpret the results in relation to temperature, salinity and life history data. 
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Methods. 

Collections of A. vachelli were taken at the three sites (Figure 2.1) at 

approximately 6 week intervals (Table 1). Not all sites were sampled at all 

times due to logistical problems. Further, A. vachelli were not present at all 
sites throughout the year. 
Table 1. Sample dates for the collection of fish from each site used in biochemical analysis in the present study. Other 
length frequency data is presented but the data is not presented in this table. (n = sample size at each time; DNS=Did 
not sample). (Note that other length-frequency data is presented in figures 4.3 and 4.5). 

Piillarciidii:ii:i::: , :: :::: IUW .::Rivet:: :::::11teal3V4ter. i :: 
9-8-1990 (n=79) DNS DNS 
26-9-1990 (n=144: DNS DNS 
3-10-1990 (n=65) DNS 17.10.1990 (n=121; 
14-11-1990 (n=0) 14-11-1990 (n=104) 14-11-1990 (n=20) 
6-12-1990 (n=5) 6-12-1990 (n=228) 6-12-1991 (n=19) 
4-1-1991 (n=2) 14-1-1991 (n=237) 25-1-1991 (n=60) 
21-2-1991 (n= 1) 26-2-1991 (n=6) DNS 
15-3-1991 (n=2) 20-3-1991 (n=0) 20-3-1991 (n=15) 
24-4-1991 (n=34) 23-4-1991 (n=37) 24-4-1991 (n=44) 
29-5-1991 (n=2) 29-5-1991 (n=528) 29-5-1991 (n=18) 
14-6-1991 (n=0) 14-6-1991 (n=50) DNS 
10-7-1991 (n=1) 5-7-1991 (n=21) 10-7-1991 (n=9) 
19-8-1991 (n =77) 8.8.1991 (n =157) 8-8-1991 (n = 24) 

DNS 5-9-1991 (n=8) DNS 
3-10-1991 (n=9) 3.10.1991 (n=192) 3-10-1991 (n=59) 
7-11-1991 (n=7) 7-11-1991 (n=30) 13-11-1991  
19-12-1991 (n=0) 19-12-1991 (n=659) 19-12-1991  

Pallarenda (Site 1) is a shallow coastal area to the North of Townsville. Site 2 

(Ross River) was located in a tropical estuary approximately one kilometre 

from the mouth of the river. The Breakwater (Site 3) is a shallow, sheltered 

harbour at the mouth of Ross River. Further information is provided in 

Chapter Two. 

Approximately twenty fish were collected from each site at each time to 

provide enough fish for biochemical determinations (Chapter 2) and for the 

collection of condition indices (eg. Fulton's K, Liver Somatic Index). 

Collection of fish was by seining at Pallarenda and Ross River, and with dip-
nets at the Breakwater. Dip-netting was used to collect fish at the breakwater 

site as juvenile A. vachelli aggregated around the pylons of the pontoon 

moorings, making seining impractical. The abundance of fish varied throughout 

the year and on many occasions less than 20 fish were collected. (Note that 

qualitative data was not collected to test for variations in fish abundances 
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throughout the year). Surface salinity and temperature were measured after the 

sample was collected. Air temperature and rainfall data were obtained from the 
Townsville Bureau of Meteorology. 

Fish were analysed as described in Chapter 2. One way analysis of variance 

(ANOVA) (SAS, 1989) were performed for all biochemical variables among 

sample dates within each site. Tukey's HSD tests were applied to identify 

differences among sample dates. ANOVA summaries are provided in Appendix 

7. Partial correlations were performed to assess relationships between 

biochemical variables, indices and physical parameters of the environment. 

Results. 

Temperature, salinity and fish abundance varied at each site throughout the 

year. The salinity and water temperature fluctuated widely (Figure 4.1) as a 

result of air temperature and rainfall changes (Figure 4.2). As expected the 

highest rainfall coincided with the hottest months with little rain during the 

cooler months. Therefore, salinity of the shallow waters is greatly reduced over 

the tropical summer. Although the patterns of rainfall and temperature are 

similar for all years, the total rainfall varies up to four fold among years 

indicating differences in the physical regime of shallow tropical waters. 

The length frequency data indicates that the size structure of the populations 

varied among the sites. The population of A. vachelli at Pallarenda appears to 

be a transient adult population with most individuals larger than 30mm SL 

(Figure 4.3). However, young fish less than 20mm SL were recorded between 

August and October in all years, indicating that recruitment occurs during these 

months. This is supported by high GSI values recorded in these months (Figure 

4.4). At Ross River, the population of A.vachelli appears to remain within the 

tributary as the length frequency data is dominated by a single size class for 

most of the year (Figure 4.5). The new recruits appear in the tributary towards 

the end of the year. Again, the GSI data tends to support the time of 

recruitment, although the data is patchy due to variations in abundance (Figure 
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4.6). At the Breakwater, the population is composed of recruits (generally less 

than 20mm SL) throughout the year (Figure 4.7), suggesting that the 
Breakwater is a nursery area for A. vachelli. Observations suggest that recruits 

are more abundant between August and January. 

The condition factor (K) of fish varied between sampling times at all sites 

(Figure 4.8, Appendix 7). It appears that condition is lowest towards the end of 

the year at Pallarenda and Ross River. The lower condition is likely to be due 

to the presence of new recruits lowering the mean K value and may not be due 

to changes in condition of individual fish. However, K is not independent of 

body size and therefore is limited to comparing fish of a similar size, (as in the 

fish collected at the Breakwater). Although K did vary significantly in fish 

collected during different months at the Breakwater, a priori tests failed to 

determine between which months the differences existed. 

Although carcass water content fluctuated through time, significant differences 

were only detected in fish from Ross River and the Breakwater (Figure 4.10) 

and Tukey's HSD tests only detected differences in carcass water content 

between months in fish from the Breakwater. In general, the carcass water 

content in all fish was lowest during the middle of the year, rising in the 

hotter, wetter months. There were no differences in the carcass protein content 

through time in fish from Pallarenda and Ross River, with values fluctuating at 

approximately 60mg.g -I  (Figure 4.11). Carcass protein abundance fluctuated 

by a factor of two in fish from the Breakwater (Appendix 7), with significantly 
lower levels recorded in the middle of the year. 

All other body constitutes displayed variations in abundance throughout the 

year in fish from all sites (Appendix 7). Carcass lipid content appeared to be 

lower towards the end of the year (Figure 4.12). A similar result was recorded 

for carcass carbohydrate content in fish from the Breakwater (Figure 4.13). In 

fish from Pallarenda the carcass carbohydrate content increased throughout the 

entire study period. 
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Viscera water content was highest towards the end of the year with lower 

levels recorded towards the middle of the year (Figure 4.14). Conversely, 

levels of energy stores in the viscera (protein, lipid, and carbohydrate) were 

highest in the middle of the year. The abundance of lipid in the viscera (up to 

275mg.g -1)(Figure 4.15) indicates that the viscera is a major storage site for 

lipid. The protein content of the viscera followed a similar pattern through time 

to viscera water content (Figure 4.16) *indicating that protein is not stored in 

the viscera. Viscera carbohydrate content increased throughout the study period 

(Figure 4.17) in fish from Pallarenda, in a similar way to carcass carbohydrate 

(Figure 4.13). Carbohydrate content of viscera in fish from Ross River 

displayed a similar pattern to viscera lipid content (Figure 4.16). The 

abundance of carbohydrate in the viscera is generally higher than the 

abundance in the carcass which indicating that the viscera is a site of 

carbohydrate storage. 

Levels of the various liver constituents displayed similar patterns of variation to 
that described for the viscera. It must be noted that for most months the sex of 

the fish could not or few males and females were captured. As a result, the 

liver results were pooled. The water content of the liver was generally lower 

than carcass water content (Figure 4.18). Liver protein content displayed 

patterns similar to the fluctuations of liver water content (Figure 4.19) 

indicating that the liver is not site of protein storage. Lipid and carbohydrate 

contents of the liver was relatively high compared to their levels in other sites 

of the body (up to 300mg.g -1  for lipid and 200mg.g -1  for carbohydrate). The 

high abundances of lipid and carbohydrate in the liver indicates that the liver is 

a major storage site for both constituents. 

The LEI reflected patterns of change similar to the liver lipid and carbohydrate 

abundances (Figure 4.22). However, changes in LEI were more conservative, 

suggesting that water content may increase as the stores are mobilised to keep 

liver weight, and therefore LEI, relatively constant. 
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The partial correlation results indicated that the relationships between body 

constituents and indices and physical parameters were low (Table 2), with a 
maximum r2  of 0.4709 between salinity and gonad protein content in fish from 

Ross River. In general, the biochemical variables were more correlated with 

salinity than with temperature. This is most evident in juvenile fish sampled at 

the Breakwater. Surprisingly, the GSI and LEI were not highly correlated with 
either salinity and temperature. 
Table 2. Partial correlations between the tested variables. Note that all values expressed as r 2  and are relatively low, 
indicating a low degree of correlation. (Temp = Temperature, Sal = Salinity, P- = Pallarenda, R- = Ross River, B-
= Breakwater, CARB = carbohydrate, 1  = Carcass constituent, 2  = Viscera constituent, 3  = Liver constituent, 4  = 
Gonad constituent). 

Variable P-Temp P-Sal R-Temp R-Sal B-Temp B-Sal 

1Water 0.2716 0.0791 0.0146 0.0076 0.0015 0.0028 

1Protein 0.0070 0.0115 0.0002 0.0136 0.0296 0.1753 
/Lipid 0.0500 0.0067 0.0714 0.0065 0.0862 0.1513 

1CARB 0.0856 0.0060 0.0750 0.4644 0.0007 0.2294 

K 0.0813 0.1049 0.0034 0.0113 0.0798 0.0055 

2Water 0.0297 0.0813 0.0868 0.0338 
2Protein 0.0621 0.0002 0.0252 0.1198 

2Lipid 0.0001 0.0053 0.2540 0.0653 

2CARB 0.0352 0.0022 0.2566 0.1236 

3Water 0.1113 0.3823 0.3030 0.1561 

3Protein 0.0149 0.1444 0.0494 0.0006 

3Lipid 0.0106 0.0059 0.2473 0.0712 

3CARB 0.0527 0.0111 0.0006 0.0329 

LSI 0.0309 0.1250 0.0515 0.0001 

`Water 0.0500 0.0037 0.1142 0.0680 

4Protein 0.0001 0.0825 0.2239 0.4709 

4Lipid 0.0449 0.1061 0.0006 0.0231 

4CARB 0.0295 0.1782 0.2895 0.1518 

GSI 0.0758 0.0071 0.0413 0.0834 

Discussion. 

The physical conditions of shallow tropical waters vary rapidly due to large 

changes in temperature and rainfall regimes (Robertson and Duke, 1987). At 

the three sites examined in the present study the salinity and temperature varied 

widely throughout the year. Salinity varied to a greater extent than 

temperature, ranging between 0 - 35 °/.. in Ross River. A reduction in water 

temperature of up to 15°C was recorded at all sites. The most stable salinity 

regime was recorded at the Breakwater site. Temperature was initially reduced 

in the winter months (May to August), rising in October. Therefore, the 
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salinity and temperature regime that A. vachelli is exposed to in the Townsville 
region can be divided into three ' seasons'; 

December to March: Rapidly fluctuating temperatures and salinities; 

April to August: Low temperature and high salinities; 

September to December: High temperatures and salinities. 

The range of salinity and temperature recorded in the present study are similar 

to the range recorded in tropical coastal and estuarine waters in other areas 

(eg. 8-34°/0. and 20.9-30.0°C, in North Queensland (Robertson and Duke, 

1987); 12-37°/0. and 24-34°C, in the Philippines (Pinto, 1987); 5-41°/.. and 

22-33°C, in Mexico (Flores-Verdugo et al., 1990)). In fluctuating 

environments, such as tropical estuaries and coastal waters, it is expected that 

fish inhabiting these environments will vary in condition. Biological responses 

in individuals would be most obvious in a small fish that is resident within 

tropical estuaries and coastal waters, such as A. vachelli. Further, recruits of 
A. vachelli can be found at the Breakwater site throughput the year (Chapter 3), 
allowing the effects of a fluctuating environment to be measured on young fish 

throughout the year. 

All measured variables of juvenile A. vachelli varied throughout the year at the 

Breakwater site. For example, water content was lowest during the middle of 

the year when temperature was low and salinity was stable. The low water 

content suggests that the fish were in better condition than at other times of the 

year (Brett et al., 1969). The higher condition in fish from the middle of the 

year is further supported by the relatively high lipid and carbohydrate levels 

recorded. However, the protein content was low during the middle of the year 
suggesting that protein synthesis was reduced. Reduced protein synthesis may 

be a result of low temperatures (Buckley, 1984) and is indicative of poor 

condition. Therefore, the higher condition (as Fulton's K) of juveniles from the 

middle of the year may be a result of a reduced somatic growth, resulting in 

energy being partitioned from somatic growth to storage, thereby increasing 

fish weight for a given size. The cost is reduced growth as expressed by the 
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low protein contents recorded. 

As temperatures increase the growth rate of fish also increase (Niimi, 1972, 

Weatherly and Gill, 1987; Houde, 1989), resulting in more energy partitioned 

from storage into somatic growth. The alteration in partitioning with increases 

in water temperature are reflected in the lower lipid and carbohydrate levels of 

fish collected in the warmer months. The rapid growth rate in the warmer 

months would lead to a rapid increase in body size and protein content which 

may be an advantage for survival due to increases in the range of prey able to 

be handled and increases in swimming speed with size (Kamler, 1992; Seig, 

1992). Overall, the results suggest that juveniles are susceptible to changes in 

temperature and salinity, altering metabolic and growth rates throughout the 

year. The low tolerance to environmental changes may be related to the general 

low level of stores accumulated by young fish (see Chapter 3)(Kamler, 1992). 

However, when correlations between the physical and biochemical parameters 

are tested, the relationships are low (maximum r2  = 0.2294 for salinity and 

carbohydrate content). The low correlation indicates that the effect of the 
physical environment on biochemical parameters is low. As food supply is 

often regarded as having the largest effect on biochemical constituent levels 

(Weatherly and Gill, 1987) it may be that the food supply of young A. vachelli 
is affected by changes in salinity and temperature, affecting the biochemical 

characteristics of the fish in an indirect way. 

In contrast, several body constituents in adult fish from Pallarenda and Ross 

River did not fluctuate significantly with time. For example, carcass protein 

did not vary significantly throughout the study. Other body constitutes varied 

over the course of the present study, but there were differences in the 

responses between the populations of A. vachelli at Ross River and Pallarenda. 

The fish at Ross River appeared to be a settled population, as reflected by the 

unimodal length-frequency data. The Pallarenda population appeared to be 

predominantly a transient adult population. The transient nature of Ambassis 
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populations has been recorded by Coates (1990)(A. interrupta). 

In adult fish, carcass water did vary significantly in fish from Ross River, but 

differences could not be identified with Tukey's HSD tests. Carcass lipid and 

carbohydrate did vary but the differences did not appear to vary with 

fluctuations in the physical parameters, resulting in low correlations. The 

stability of the carcass constituents through time in adult A. vachelli suggests 
that the adults are tolerant to environmental changes and maintain the 

biochemical homeostasis of the carcass throughout the year. 

Significant differences in the levels of constituents of the liver and viscera were 
recorded in adult A. vachelli from Pallarenda and Ross River throughout the 

year, with the lowest water contents and highest lipid contents recorded in July 

and February. Although differences in constituent abundances may be due to 

changes in temperature (Love, 1980; Buckley, 1984; Weatherly and Gill, 

1987), correlations between variables were low. The differences may reflect 

changes in energy partitioning due to storage and maturation of the gonads, 

independent of the environmental conditions. However, as sample sizes of 

males and females were low for most of the year this could not be adequately 

tested and requires further study. However, the GSI and LEI also produced 

low correlations with environmental parameters throughout the year. 

Responses to changes in salinity and temperature in the genus Ambassis have 
received little attention. Martin (1988) showed that the interaction of salinity 

and temperature affected the distribution of three co-existing species of 
Ambassis in Africa. However, the range of temperatures used were beyond 

those experienced naturally by the three species and Martin (1988) concluded 

that the distribution of fish from the genus Ambassis was predominantly 
affected by salinity. Molony (1988) found that changes in salinity and 

temperature had no significant effect on growth or body constitution of adult 

A. vachelli, but the salinities and temperatures used did not cover the entire 

range experienced by A. vachelli. The field data collected in this study suggests 



62 

that A. vachelli can survive salinities between 0 and 35 0 /00 and temperatures 
between 17 and 35°C and adult fish can tolerate the variation with little 

consequence to body constitution. 

The effects of temperature and salinity recorded for other tropical species is 

limited. No changes in body constitution were recorded in Upeneus tragula as 
a result of alterations in water temperature within the range of temperatures 

experienced in the field, (McCormick and Molony, in press). In temperate 

species, an increase in temperature often results in an increase in growth rate 

(Methot and Kramer, 1979; Houde, 1989; Buckley et al., 1990). The effects of 
salinity on fish condition has received little attention. In general, an individual 

species will have an optimal temperature and salinity where metabolic costs are 

relatively low (Love, 1980; Weatherly and Gill, 1987). The low metabolic 

costs results in the partitioning of excess energy to other processes (eg. growth, 

storage and reproduction). Conditions away from the species optimum will 

result in higher metabolic costs associated with regulatory processes, and 

therefore less energy available for growth, storage and reproduction. In 

extremes of temperature and salinity, mortality may result (Love, 1980; 
Martin, 1988). 

A surprising result from this study was the low correlation between the 

physical environment and the levels of body constituents, indicating that 
A. vachelli are not adversely affected by changes in temperature and salinity. 

Low correlations between body constituents and physical parameters were also 
found by Suthers et al. (in press) and McCormick (1993) in young fish, due to 

the rapid somatic growth rate surpassing the effects of a variable environment. 

A high somatic growth rate may explain the low correlations between young 
A. vachelli and the physical parameters at the Breakwater site but does not 

account for the low correlation with the adults. The low correlations found 

between the adults and the physical environment may be due to tolerance 

mechanisms of the fish and the effect of varying energy partitioning between 

reproductive processes and storage throughout the year, outweighing alterations 
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caused by the physical environment. 

The interpretation of the results of the present study identify differences in 

temperature and salinity regimes and the size and age of A. vachelli at each site. 
Salinity and temperature changes appeared to be the most conservative at the 

Breakwater and may be the reason for the abundance of young A. vachelli in 
the Breakwater throughout the year, making the Breakwater a nursery area for 
A. vachelli. However, small recruits were recorded at Pallarenda and Ross 

River between September and January, suggesting suitable environmental 

conditions are present for juvenile survival during the least stable time of the 

year (ie highly variable salinities and temperatures). Adult A. vachelli appear to 
be able to tolerate the changing environmental conditions with little 

consequence to body constitution. Changes in body constitution may be due to 

variations in energy partitioning due to reproductive processes. The influence 

of other variables (eg. feeding regimes) and indirect influences of physical 
variables (eg. on prey sources) may influence growth and constituent levels in 
A. vachelli. 
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Figure 4.1 
Variations in surface salinity (.) and water temperature (0) recorded at the 
three Sites through time. 

Site 1, Pallarenda. 
Site 2, Ross River. 
Site 3, Breakwater. 
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Figure 4.2 
Weather data collected by the Bureau of Meteorology, Townsville, over the 
course of the study. 

Mean monthly minimum (- -) and maximum (---) air temperatures. 
Cumulative monthly rainfall. 

Note the differences in the parameters between years, especially in regard to 
rainfall. 
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Figure 4.3 
Length-Frequency data for Ambassis vachelli for each sampling time at Site 1, 
Pallarenda. Note the transient nature of the population as suggested by the lack 
of a progressing modal fish size between months. 
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Figure 4.3. Continued. 
Length-Frequency data for Ambassis vachelli for each sampling time at Site 1, 
Pallarenda. 
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Figure 4.3. Continued. 
Length-Frequency data for Ambassis vachelli for each sampling time at Site 1, 
Pallarenda. 
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Figure 4.3. Concluded. 
Length-Frequency data for Ambassis vachelli for each sampling time at Site 1, 
Pallarenda. 
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Figure 4.4 
Somatic Index of Ambassis vachelli for each sampling time at Site 1, 
Pallarenda. 

Females. 
Males. 

Note that in some months identification of sex was not possible as the gonads 
were too small. 

v = Value of Gonad Somatic Index 
= Value of Liver Somatic Index 
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Figure 4.5 
Length-Frequency data for Ambassis vachelli collected at Site 2, Ross River, 
for each sampling time. Note that a progression of a modal size class can be 
followed between months. 
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Figure 4.5. Continued. 
Length-Frequency data for Ambassis vachelli collected at Site 2, Ross River, 
for each sampling time. 
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Figure 4.5. Continued. 
Length-Frequency data for Ambassis vachelli collected at Site 2, Ross River, 
for each sampling time. 
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Figure 4.6 
Somatic Index values for Ambassis vachelli collected at Site 2, Ross River, for 
each sampling time. 

Females. 
Males. 

v = Value of Gonad Somatic Index 
v = Value of Liver Somatic Index 
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Figure 4.7 
Length-Frequency data for Ambassis vachelli collected from Site 3, 
Breakwater, at each sampling time. Note the presence of small (young) fish in 
all samples. 
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Figure 4.7. Concluded. 
Length-Frequency data for Ambassis vachelli collected from Site 3, 
Breakwater, at each sampling time. 
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Figure 4.8 
The condition factor (Fulton's K) calculated for Ambassis vachelli from all sites 
for all sampling times. 

Site 1, Pallarenda. 
Site 2, Ross River. 
Site 3, Breakwater. 

Note that in this and proceeding figures of this chapter, values identified with 
the same letter are not significantly different, (a = 0.05). 
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Figure 4.10 
Variation in carcass water content through time in Ambassis vachelli collected 
from all three sites. 

Site 1, Pallarenda. 
Site 2, Ross River. 
Site 3, Breakwater. 
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Figure 4.11 
Temporal variation of protein content in the carcass of Ambassis vachelli from 
all sites throughout the sampling period. 

Site 1, Pallarenda. 
Site 2, Ross River. 
Site 3, Breakwater. 



100- 

11111111111111111 

SONDJFMAMJJASONDJ F 

Breakwater 
	 A 

A 
BC BC 

Zan 
jJ 

100 -  
Q) 

80 - 
O 
U 

0 
20 — 

U) 
U) 
cic5 

cid 
U 

120 	 

0 	111111111111 	I 	11111 

JASONDJFMAMJJ A SONDJF 

AB 

80- 

60- 

40- 

D 

120 a  
Pallarenda 

100 - 

80- 

60- 

40 - 

20 - 

11111 	I 	I 	I 	I 	I 	I 	I 

SONDJFMAMJ J A S 0 N D J 
1990 	I 	 1991 

Mouth 

20 



74 

Figure 4.12 
Changes in the abundance of total lipid content in the carcass of Ambassis 
vachelli from all sites. 

Site 1, Pallarenda. 
Site 2, Ross River. 
Site 3, Breakwater. 
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Figure 4.13 
Temporal variation in carbohydrate content in the carcass of Ambassis vachelli 
from all sites. 

Site 1, Pallarenda. 
Site 2, Ross River. 
Site 3, Breakwater. 
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Figure 4.14 
Differences in the viscera water content through time in Ambassis vachelli from 
Sites 1 and 2. 

Site 1, Pallarenda. 
Site 2, Ross River. 

Note that due to the small size of A. vachelli collected from Site 3 no 
constitutional data for viscera or liver was collected. 
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Figure 4.15 
Temporal variation in the protein content of the viscera of Ansbassis vachelli 
from Sites 1 and 2. 

Site 1, Pallarenda. 
Site 2, Ross River. 
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Figure 4.16 
Changes in total lipid content of the viscera of Ambassis vachelli collected from 
Sites 1 and 2. 

Site 1, Pallarenda. 
Site 2, Ross River. 
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Figure 4.17 
Variation in the viscera carbohydrate content through time in Ambassis vachelli 
from Sites 1 and 2. 

Site 1, Pallarenda. 
Site 2, Ross River. 
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Figure 4.18 
Differences in the water content of the liver through time in Ambassis vachelli 
from Sites 1 and 2 through time. 

Site 1, Pallarenda. 
Site 2, Ross River. 
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Figure 4.19 
Temporal variation in the protein content of the liver of Ambassis vachelli over 
the sampling period. 

Site 1, Pallarenda. 
Site 2, Ross River. 
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Figure 4.20 
Temporal changes in the abundance of liver lipid in Ambassis vachelli 
throughout the sampling period from Sites 1 and 2. 

Site 1, Pallarenda. 
Site 2, Ross River. 
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Figure 4.21 
Variations in carbohydrate content of the liver through time in Ambassis 
vachelli from Sites 1 and 2. 

Site 1, Pallarenda. 
Site 2, Ross River. 
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Figure 4.22. 
Fluctuations in the Liver-Somatic Index (LSI) of Ambassis vachelli from Sites 1 
and 2 throughout the sampling period. 

Site 1, Pallarenda. 
Site 2, Ross River. 



IIIIIIIIIIIIIIIIII 

JASONDJFMAMJJASONDJF 

b 
Ross River 

1.5- 

1.0- 
.., 

0.5- 

0 . 0 	111[1111111111mi 

JASONDJFMAMJJASONDJF 

1990 	I 	1991 

Month 



85 

Chapter 5. 

The Effects of Feeding History on the Mobilisation 
and Deposition of Body Constituents, Condition and Growth 

in Young Ambassis vachelli 
(Pisces: Chandidae) (Richardson). 

Summary. 
Young Ambassis vachelli, approximately 40-50d, were used in a laboratory experiment to test 

the effects of starvation and recovery feeding on body constituents and growth. Three 

laboratory treatments (fed continuously; fed for 9d then starved for 15d; starved for 9d then fed 

for 15d), were compared to fish from a field population. Different body stores were mobilised 

at different times and rates during starvation. Carbohydrates were mobilised from the onset of 

starvation and depleted after 3d. Lipid and protein were mobilised at an increasing rate from 

the onset of starvation. Mortality in starved fish was relatively high, (up to 70%). On feeding, 

all body stores were restored rapidly with carbohydrate levels displaying an 'overshoot' when 

compared to continuously fed fish. After 15d of feeding the starved fish had similar levels of 

constituents to continuously fed fish, suggesting full recovery. Fish with a history of feeding 

were able to maintain themselves for at least 15d before death, indicating a greater resistance 

to starvation. Recovery, starvation and starvation resistance were recorded in the muscle fibre 

distributions and may be observed in the otolith microstructure. This suggests that these 

techniques can identify starving and feeding fish and may be useful to assess fish condition. 

However, the increment width data were confounded by the natural decrease in increment 

widths with age. Therefore, ontogenetic changes in otolith deposition must be known for each 

species. The results imply that feeding history in the early life of a fish is important in survival 

and growth but young fish may have growth regimes flexible enough to survive relatively long 

periods of starvation and recover. 

Introduction. 

The early life history of fishes is often characterised by rapid growth and 

development. Due to small size, young fish are highly susceptible to variations 
in environmental (eg. temperature) and biotic (eg. food availability) factors. 
The most important factor pertaining to growth and survival of ichthyoplankton 
may be the availability food at a critical time (ie. match/mismatch hypothesis 
of Ehrlich, 1974; Beyer, 1989; Fortier and Gagne, 1990). Linking up with the 
correct food at the correct time is because young fish have little or no energy 

61 
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stores and therefore may only survive relatively short periods of starvation 

(Pepin, 1988; Beyer, 1989; Kamler, 1992; Seig, 1992). 

Food in the planktonic environment is often patchily distributed (Kingsford and 
Choat, 1986) therefore young fish have to cope with a spatially and temporally 
unpredictable food supply. Food limitation may have profound effects on 
growth (Zhang and Runham, 1992b) and survival (Pepin, 1988) and may affect 
the recruitment of young fish to the adult population. However, the metabolic 

rate and energy utilisation of young fishes is relatively flexible (Bastrop, et al. 
1991) and is of great advantage if survival depends on linking up with food 
patches at a critical time (Pepin, 1988; Fortier and Gagne, 1990). 

The ability of young fish to use a variable food supply was tested on young 

A. vachelli (40-50d old) (Molony, unpubl. age data). A. vachelli occurs in large 

numbers in estuaries and coastal habitats of North Queensland and is therefore 
exposed to fluctuations in temperature and salinity and most likely food 
availability. The aim of this study was twofold. Firstly, to determine if young 
fish could deal with fluctuations in food supply over a relatively large time 
scale. Secondly, to ascertain if past feeding history affected the patterns of 
mobilisation and/or deposition of body constituents within the fish. The effects 
of maintaining populations under laboratory conditions was also addressed. 

Materials and Methods. 
Young A. vachelli between 6-10mm SL and 40-50d old were collected from Site 
3 (Figure 2.1) in April and October 1991. Approximately 350 individuals were 
caught at both times and were taken back to the laboratory in aerated 
containers. Fish were placed in a single 96 litre aquarium with a flow through 

water system (15 1.hr-1 ). Water within the aquarium system was held at 23-

28°C, with a salinity of 30-32°/.. The aquaria were kept in an isolated room 

with a 12hr light-dark cycle. Fish were maintained under these conditions for 

14d and fed live Artemia spp. nauplii to satiation twice daily (0900 and 1600). 
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After the acclimation period 10 fish were randomly assigned to each treatment 
aquarium. Treatment aquaria were 91 plastic buckets, each with their own air 
and flow through water supply. Ten fish were removed from the acclimation 
aquarium with a dip net and placed in a shallow container with seawater and 
photographed. Photographs, with the correct calibration, were used to 
determine the standard length (SL) of fish prior to the start of the experiment. 
Fish were then placed in treatment aquaria. The aquaria were assigned a 
number (1 to 24) and a random number table determined the order of 
allocation of photographed fish. The allocation provided an unbiased allocation 
of fish to each aquarium, and aquarium to each treatment. Only fish 10-15mm 
SL were used in an attempt to reduce the between fish variability. No 
significant difference in SL of fish was recorded among buckets, among 
treatments or between Trials (Appendix 5). 

To provide comparison with natural populations a field population was sampled 
throughout the experiment. These fish were collected throughout the 
experiment from the same pontoon as the experimental fish and are referred to 
as FIELD fish throughout the text. 

Design of Experiment. 
The experiment was designed to determine the effect of feeding history over 

time on fish condition. Preliminary studies suggested that approximately 50% 

of young A. vachelli could maintain 9d starvation. Three laboratory feeding 

treatments were set up using live Artemia spp. nauplii as a food source. The 

treatments were; 

FED: Fish fed twice per day to satiation at 0900 and 1600 throughout the 

experiment; 
FS: Fish fed twice per day to satiation at 0900 and 1600 for 9d and then 

starved; 
SF: Fish starved for 9d and then fed twice per day to satiation at 0900 and 

1600. 
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Each treatment consisted of eight buckets of 10 fish. Throughout the 
experiment a FIELD sample was collected on the same days as the laboratory 
populations were sampled (Figure 1). Due to constraints of space, replicate 
aquaria for each treatment by time could not be run simultaneously. The 
experiment was replicated in April-May 1991 (Trial A), and November 1991 
(Trial B). 

The three treatment populations and the field population were sampled 
throughout the experiment (Table 1). A post-acclimation sample was taken at 
day 0. Mortality within each treatment aquariumwas recorded daily and the dead 
fish removed prior to feeding. 

Table 1. Sampling schedule of laboratory and field populations of Ambassis vachelli for both 
trials. The Day column refers to the number of days since the commencement of the 
experiment. Numbers after each entry refer to the sample number. See Figure 1 for sample 
design. 
Day Trial A 

Samples 
Trial 13 
Samples. 

0 Acclimation Sample Acclimation Sample 
1 Laboratory 1, Field 1 Laboratory 1, Field 1 
3 Laboratory 2, Field 2 Laboratory 2, Field 2 
9 Laboratory 3, Field 3 Laboratory 3, Field 3 
10 Laboratory 4, Field 4 Laboratory 4 
15 Laboratory 5, Field 5 Laboratory 5, Field 4 
24 Laboratory 6, Field 6 Laboratory 6, Field 5 

Collection of Data. 
Three to five fish were assigned to biochemical analysis except in Trial A, day 
24 SF treatment where only one fish was used. The remaining fish were used 
for histology and otolith microstructure analysis. Details of all techniques used 
in this experiment are provided in Chapter two. 

Statistical Analysis. 
All biochemical data were anal-sed y by analysis of variance (ANOVA) using 
Type III sums of squares due to the unequal number of fish within each 
treatment (SAS, 1989). Due to low sample numbers for each time period all 
data between 0-9d and 10-24d was pooled for each treatment to provide a 
comparison. If a significant difference was identified at the 5% significance 
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level (a =0.05), Tukey's HSD (honest significant difference) comparisons 
among sample means were used to examine the nature of the difference. 
Differences between the laboratory control fish (FED treatment) were tested 
against the FIELD fish to examine the effects of laboratory rearing on the 
measured variables. 

Otolith increment data was analysed in a similar way to the analyses described 
above. The effect of feeding history on the decline of otolith widths was 
examined using a repeated measures ANOVA (SAS, 1989), testing data from 
the SF treatment fish between 0-9d and the FS fish between 10-24d in an effort 
to determine if feeding history had an influence on the reduction of increment 
widths. 

The size distribution of the muscle fibre diameters among treatments and time 
was examined throughout the experiment using maximum likelihood estimates 
in an ANOVA framework (CATMOD, SAS Institute Inc., 1989). 

Results. 
A. Laboratory effects: Comparison of FIELD versus FED fish. 
The characteristics of the FIELD and FED fish throughout the experiment are 
summarised in Table 2 and a summary of the ANOVA results are shown in 
Table 3. From the analyses it appears that between 0-9d only the SL was 
similar between FED and FIELD fish. FED fish had a higher wet weight and a 
higher K-value. In general, levels of energy stores (protein, lipid and 
carbohydrate) were higher in the FED fish, with a corresponding lower water 
content. Similar results were recorded between 10-24d of the experiment. It is 
interesting to note that the FIELD fish displayed a greater range of all 
constituent levels than laboratory fish. 

The analysis of the muscle fibre data indicates that there were significant 
differences between the size distribution of FED and FIELD fish (Figure 9 
Table4. The data suggests that the FED fish had more larger fibres than the 
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FIELD fish. This supports the protein content data that suggests that the FED 
fish had a significantly higher level then the FIELD fish between days 10-24 of 

the experiment. 

The rate of increase of constituent levels of FIELD fish was lower than in the 

FED fish, except for water content. The high rate of increase of body stores in 
FED fish suggests that energetic costs in the field are higher than in the 
laboratory. This may be due to the confined space in the laboratory restricting 
movement and the stable conditions of salinity and temperature. 	 ✓  

B. Laboratory Results. 
Throughout the experiment fish in all treatments increased in SL (Figure 2). 
However, the only difference in SL was recorded between SF and FS fish from 
Trial A between days 10-24 (mean SL of FS =13.6mm, mean SL of 
SF =12.1mm) (Table 5). In both Trial A and B, fish from the FED treatment 
grew the fastest with FIELD fish growing the slowest. Fish from the FS 
treatment initially grew rapidly, reducing when starved. Fish from the SF 
treatment did not reduce SL during starvation but increased in SL with feeding, 
reaching a final length similar to fish from the FED treatment. In Trial A the 
FIELD fish data is confused from day 15 onwards giving the appearance of 
negative growth. These fish were however a new cohort and otolith aging 

showed that they were younger than previously sampled FIELD fish. 

Negative growth in terms of wet weight was recorded in starved fish (SF and 
FS treatment fish) (Figure 3, Tables 6 and 7). After 9d of starvation fish from 
the SF treatment had a significantly lower body weight than fish within other 
treatments (Table 5). On feeding the fish from the SF treatment had recovered 
to be a similar weight to FED treatment fish in Trial B but had not completely 
recovered in Trial A. Body weight reduced at 0.4-0.7mg.d -1  in starved fish 

regardless of prior history. Fish in the FED treatment increased in weight at a 
rate of 1.4-2.2mg.e. Fish that were starved and then fed were able to increase / ✓  

in wet weight at a rate similar to fish that had been continuously fed. In 
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comparison, the growth in wet weight of FIELD fish ranged between 0.7- 

2.8mg.d-I  indicating that laboratory growth rate was similar to growth rate 

under field conditions. 

i. Body Constitution. 
Examination of body constitution suggested that constituent levels were more 
sensitive to changes in feeding levels than SL or wet weight. Fish in the FED 
and FS treatments reduced water content at a rate of 0.56-1.67mg.e.d 4  

between days 0-9 (Figure 4) resulting in a significantly lower water content 

than the fish from the SF treatment. Water content of fish From the FS 
treatment increased rapidly on starvation (l.46-2.40mg.g -1 .(1-1 ). Fish that were 
initially starved (SF) increased in water content at a rate higher than fish with a 

history of feeding (2.56-3.89mg.e.d4) (Tables 3 and 4). However, once 

feeding had commenced these fish reduced water content of tissues at a rate 
faster than fish that were constantly fed (2.67-3.00mg.e.d -1 ) and finished with 

a water content similar to fish from the FS (Trial A) of FED (Trial B) 

treatments. 

Protein displayed inverse patterns to water content (Figure 5). Fish initially fed 
(FED and FS treatments) rapidly increased in protein content 
(1.78-2.00mg.e.e) between days 0-9 of the experiment, with fish from the 

SF treatment mobilising protein, resulting in a significantly lower protein 
content after 9d in Trial B. On starvation, fish from the FS treatment mobilised 
protein at an increasing rate, resulting in a protein content similar to fish from 
the SF treatment (Trial B). Fish that were initially starved mobilised protein 
more rapidly than fish with a history of feeding (2.00-2.22mg.e.c1-1 ). On 
feeding fish from the SF treatment displayed a high rate of protein deposition 

(2.13-2.67mg.e.d -1 ). The non-significant results recorded in Trial A protein 

data suggest that protein is not a preferred energy source for maintenance 

during periods of starvation and is the last energy store mobilised. 
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Lipid content varied more widely than protein content in fish from all 
treatments (Figure 6). Fish from the FED and FS treatments initially deposited 
lipid rapidly (2.67-3.56mg.e.d -1 ), while fish from the SF treatment mobilised 
lipid (0.89-2.44mg.e.d-1), resulting in a significantly lower lipid content 
(Table 5). On starvation, fish from the FS treatment mobilised lipid rapidly 
(2.13mg.g-l .d-1 ). On feeding these fish deposited lipid at rates lower than fish 
constantly fed and had significantly lower lipid contents than fish from the 
FED treatment. Interestingly, FIELD fish deposited lipid at a relatively low 
rate (1.11mg.e.d -1 ) to a level of approximately 60mg.g-1  in Trial A and 
30mg.g-1  in Trial B, both lower than fish from the FED treatment. 

The largest fluctuations were recorded in the carbohydrate content of the 
experimental fish (Figure 7). All fish that were fed regardless of history 
displayed an overshoot in carbohydrate levels. After the overshoot period the 
levels of carbohydrate reduced in the FED fish and in Trial A the level 
continued to fall. In Trial B the carbohydrate level of the FED fish fluctuated 
widely but remained high. Fish that were fed and then starved (FS) 
immediately showed a rapid decrease in carbohydrate level on starvation that 
decreased at a rate of 0.62-1.67mg.e.c1-1 ' to an abundance of 2 to 4mg.g -1 . 
Fish initially starved (SF) showed a significant decrease in carbohydrate level 
(Table 5) at a lower rate than in fish with a history of feeding 

(0-0.55mg.e.c1-1 ), due to the initial low level of carbohydrate. On feeding, 
fish initially starved for 9d showed a rapid increase in carbohydrate levels of 
1.25-1.55mg.e.d-,1  displaying a similar pattern of fluctuation to fish within the 
FED treatment,resulting in levels similar to the FED treatment fish (Table 5). 

The condition factor (K) appeared to be sensitive to changes in constituents 
throughout the experiment. The K for fish from the FED treatment tended to 
increase throughout the experiment (Figure 8). The K for fish from the FS 
treatment increased during the initial stage of the experiment and declined from 

the onset of starvation. After 9d of starvation fish from the SF treatment had a 
significantly lower K-value (Table 5), displaying full recovery on feeding (Trial 
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A). The K of FIELD fish did not vary greatly over the course of the 
experiment, fluctuating at a level of 1.6. 

Muscle Histology. 
FIELD fish displayed a range of fibre distributions with maximum and 
minimum fibre sizes and distributions similar to the FED fish. However, 
significant differences were recorded between FIELD and FED fish through 
time (Table 8). The difference between FIELD and FED fish may be a result 
of differential fish growth in the field and laboratory and the sampling of 
different cohorts of FIELD fish (Figure 2, Trial A). 

After 24d of feeding fish from the FED treatment had significantly increased 
the size distribution of muscle fibres (Figures 9 and 10, Table 9). Few fibres 
below 10i.cm were present and some fibres had grown beyond 40/2m. A similar 
pattern was recorded in fish from the FS treatment during the 9d of feeding. 
On starvation the modal fibre size was reduced, suggesting that protein had 
been mobilised from the muscle to sustain the fish. However, after 15d of 
starvation the proportion of fibres less than 10/2m was still low. Fish from the 
FS treatment from Trial B recorded smaller fibres after 15d of starvation than 
fish from Trial A. The difference between the Trials may be due to the slightly 
higher temperatures resulting in a higher metabolic rate and more protein 
mobilised from the muscles to sustain the fish. Fish initially starved for 9d (SF 
treatment) recorded a rapid reduction in muscle fibre distribution, resulting in a 
high proportion of fibres less than 10Am. After 15d of feeding, fish from the 
SF treatment rapidly increased the muscle fibre size to have a distribution 
similar to fish from the FED treatment. Results of statistical tests suggests that 
treatment, time and the interaction of time and treatment all contributed to the 
different distributions recorded. 

Otolith Microstructure. 
Otolith data from the FIELD fish displayed a decrease in increment width with 
time suggesting a general reduction of increment width with age (Figures 11 
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and 12). The discrepancy recorded in the FIELD fish in Trial A is due to a 

younger cohort being sampled. When compared to otoliths from fish in the 
FED treatment the otolith microstructure was similar. 

In fish from all treatments the widths of the otolith increments decreased with 
time (Figures 11 and 12). However, the pattern of deposition varied among the 
treatments. In fish from the FED and FS treatments the otolith increments were 
deposited in a similar pattern, fluctuating around a width of 4.0-5.0Am (Table 
10). The similar deposition of increment widths occurred until day 9 when fish 

from the FS treatment were starved. After starvation the increment widths in 
fish from the FS treatment reduced to 2.0-2.5Am. Fish from the SF treatment 
also deposited narrowing increments during starvation to a level of 2.0-2.5Am 
by day 9 (Table 11). On feeding, the width of otolith increments in the SF 
treatment fish increased, but did not reach the increment widths of fish from 
the FED treatment (Table 10). The pattern of otolith increment width was 
consistent between fish in both Trials with fish from the FED treatment having 
the largest increment widths. 

Tests on the increment widths between fish from the SF and FS treatments 
during starvation indicate that feeding treatment did not affect the rate of 
increment decline (Table 12). The effects of time and the interaction of time 
and treatment were significant in a repeated measures analysis of variance. The 
significant results suggests that a reduction in increment width on starvation 
occurs at a similar rate regardless of feeding history. 

iv. Mortality. 
The rate and pattern of mortality between the two trials was similar (Figure 

13). Mortality was recorded in all treatments up to day 3, probably due to 
handling stress. After day 3 there was no further mortality recorded for fish in 

the FED and FS treatments. Mortality of fish from the SF treatment occurred 
until feeding (day 9), after which no further mortality was recorded. No 
mortality was recorded during starvation in fish that were initially fed (FS) 
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indicating a greater resistance to death from starvation. Mortality data is 

unavailable for FIELD fish. 

Discussion. 
The results of the present study indicate that the growth of young fish exposed 
to different feeding regimes is not just a change in length or weight over time. 
There is a complex array of biochemical interactions occurring in which the 
over-all result is somatic growth, positive or negative. However, many 
previous studies on growth have dealt only with changes in length and weight 
over time (eg. Deegan and Thompson, 1987; Kingsford and Milicich, 1987; 

Dee and Radtke, 1989; Hovenkamp, 1989; Bry, et al. 1991). 

Comparisons between the FIELD and FED fish suggests that laboratory 
conditions are more stable than field conditions, as reflected by the range of 
values recorded for each variable in FIELD fish (Table 2). However, values of 
all measured variablesin FED fish were within the range of the FIELD fish, 
suggesting that laboratory conditions are a good approximation of field 
conditions. Carbohydrate levels were generally higher in FED fish than in 
FIELD fish, while protein and lipid contents did not reach the high levels 
recorded in FIELD fish. The difference may be attributed to the limited space 
for movement in the laboratory fish, which may restrict muscle development 
and reduce energy requirements. The absence of predators in the laboratory 
would remove the need to expend energy in avoidance. The water content of 
FIELD fish suggests that a wide range of growth histories exists in the natural 
population. This is expected as the environment is variable in terms of salinity 

and temperature (see Chapter 3). 

The application of biochemical determinations to the measurement of growth 
allowed the monitoring of fine scale changes and appear more sensitive than 
measurements of wet weight, SL and Fulton's K. The techniques used are not 

new (Brett,et. a/, 1969, Love, 1970, 1980). However, the application of these 
techniques to young fish has often resulted in fish being analysed together, 
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reducing the information available ( Ehrlich, 1974; Srivastrava and Brown, 
1991). Analysing all fish together reduces the resolution of the results and does 
not allow the estimation of variation within a population. Estimates of variation 

are an important aspect as a range of condition exists among fish, even within 
a population (Black and Love, 1986). The present study is one of the first to 
analyse the biochemistry of small fishes (minimum wet weight: 4.0mg) on an 

individual basis. 

McCormick and Molony (1992) examined the influence of different feeding 
histories during the pelagic stage of a reef fish (Upeneus tragula) on growth 
characteristics at settlement. They found that the length of the planktonic stage 
was influenced by feeding history. However, fish with a history of poor 
feeding could survive for 6-10d without food and on feeding could rapidly 
attain a size and condition similar to fish from a good feeding history. In the 

present experiment it was found that similar aged A. vachelli (40-50d) could 
sustain starvation for 9d and recover to be in comparable condition and size to 
fish from a history of good feeding. However, McCormick and Molony (1992) 
only sampled fish at the start and end of the experiment and changes in the fish 
throughout the course of the experiment could not be detected. By mapping the 
fluctuations of body constituents during the experiment a detailed description of 
short-term changes in the metabolism of small fish under nutritional stress was 

provided. 

During starvation carbohydrates are mobilised immediately. Although the levels 
of carbohydrates found in the present study (2-8mg.g -1 ) agrees with other 

studies (Brett, et. al, 1969; Deegan, 1986) the fluctuations of the levels after 
feeding and during starvation have not previously been recorded. Many authors 

assume a level of 0.5% wet weight (5.0mg.g 1 ) and do not measure 

carbohydrate content (eg. Hails, 1983; Deegan, 1986; Tabachek, 1986; 

Gamperl et al. 1988; Hay et al. 1988). Black and Love (1988) found that 

carbohydrate levels increased rapidly within 30 minutes of being stressed (by 
landing). However, due to the rapid time between capture and freezing and the 
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similarity of carbohydrate changes between Trials it appears that fluctuations in v,/-  
carbohydrate levels in this experiment are due to starvation and feeding. 

After carbohydrates have been mobilised but before exhaustion, lipid stores in 
A. vachelli were mobilised. Lipid provides the most energetic of all storage 
compounds (approximately 34Kj.g -I  compared to 17Kj.g-1  for carbohydrate and 
protein) (Netter, 1969). Lipid levels did not vary to the same degree as 
carbohydrate levels. This may be due to the conservation of lipid as lipids are 
not only storage molecules but are required structurally in cell and organelle 
membranes (Stryer, 1981). Even after starvation for 9d, which resulted in a 
high rate of mortality, the lipid level did not fall below 17.6mg.e. As some 

lipids have special functions (eg. membranes, transport, lipoproteins), 
17.6mg.g-1  may be the lowest threshold for survival. The reduction in protein 

levels and muscle fibre diameter, before lipid levels reached 17.6mg.g -1 , 
provides further evidence for the existence of a minimum lipid threshold. 

Protein was mobilised at an increasing rate as carbohydrate and lipid stores 

were exhausted. The mobilisation of protein is an important point during 
starvation as protein is a major component of the musculature of the fish 

(Loughna and Goldspink, 1984). Therefore, any reduction in protein and 
muscle fibre size may reduce swimming ability, affecting both feeding and 
predator avoidance (Lowery and Somero, 1990). Although older fish have been 
starved over 15 months and recovered (Gas, 1972, in Love, 1980), recovery of 

young fish may not be possible after a small decrease in protein content (Staton 
and Sulkin, 1991). This is supported by the observation that protein levels 
were conserved at the expense of other constituents, and the order of 
mobilisation and deposition of body constituents (Figure 14). 

After a history of feeding the mobilisation of carbohydrate during starvation 

occurs over 15d. Lipid is mobilised early but at a slower rate than in fish from 

a history of starvation. Protein and muscle fibre diameter is able to be 

maintained at high levels for at least 7d before being affected by starvation. 
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This suggests that fish from a good feeding history are able to survive longer 

periods of starvation before protein mobilisation occurs at a significant rate. 
Starvation resistance is further supported by the mortality data (Figure 13) 
where no mortality was recorded in fish starved for 15d after a history of 
feeding. Increased starvation resistance has been hypothesised (Seig, 1992) and 
recorded for other species (Gardiner and Geddes, 1988; Weatherly and Gill, 
1981a; Yin and Blaxter, 1988; Lim and Ip, 1989; Bastrop et al. 1991). 

Starved fish can recover and reach similar levels of body stores after 15d of 
feeding. However, total recovery may take longer than 15d as suggested by the 
results of statistical analyses (Table 5ii). There is evidence of over 
compensation of carbohydrate levels in starved fish that were subsequently fed. 
An 'overshoot' in carbohydrate levels has been reported for the cod Gallus 
morhua (Black and Love, 1986). Fish that were continuously fed eventually 
reduced the deposition of lipid and protein suggesting maximum levels for 
these constituents in young fish. 

Throughout the study the change in condition and growth of fish from the 
different treatments was recorded in the otolith microstructure. It appeared that 
high growth rates resulted in wide increments. Starvation resulted in the 
narrowing of daily increments '  regardless of feeding history. However, an 
ontogenetic pattern of increment width deposition was observed. Young 
A. vachelli initially deposits narrow increments (2.0/2m) that rapidly increases in 
the first 20d to a maximum of 7.5Am then decreases throughout life (see 
Figure 3.14, Chapter 3). A similar pattern of increment widths throughout life 
has been recorded for other species (eg. McCormick, in press). In the present 
experiment, different feeding regimes altered the ontogenetic pattern of 
increment deposition. This suggests that otolith increments are a good proxy of 
individual growth rate in young fish when the increments are relatively wide. 

The results of the current study has implications for the survival and growth of 
young A. vachelli in the field. During periods of starvation carbohydrate, lipid 
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and protein are mobilised for maintenance of the individual. Mobilisation of 

body stores continues until death occurs due to starvation, disease or predation 
(Pepin, 1988). However, on matching up with a suitable patch of food and 
feeding, fish can recover rapidly and appear to be able to ' catch up' with 
respect to growth and storage levels to fish that have fed continuously. 

The field data in Trial A suggests that the population was undergoing periods 
of short term starvation as constituent levels fluctuated over short periods of 
time. Relatively minor fluctuations in constituent levels were recorded in Trial 
B and may be a result of a higher availability of food. The abundance of young 
A. vachelli varied throughout the year (pers. obs.), as did the abundance of food 
for the juveniles and adults (Jackson, 1991), providing indirect evidence for 
fluctuations in food availability. It is therefore concluded that the field 
populations of this species may undergo periods of starvation of the magnitude 
reconstructed in the laboratory. Periods of starvation are hypothesised for 
young fish of other species (Boulhic and Gabaudon, 1992; Seig, 1992; 
McCormick and Molony, 1992).

) 
 (tor+ I 3 

The results from the present study suggest the limited use of SL as an indicator 
of growth rate. This may be due to plasticity of growth (Weatherly and Gill, 
1987) especially in young fish in areas containing high abundances of food 
where mean and variance of growth rate increases (Pepin, 1988). However, SL 
and wet weight when used together as the condition factor (K) displayed 
similar patterns to the levels of body constituents. Although not as sensitive as 
biochemical data, K does allow the rapid estimation of fish condition. 

In conclusion, it appears that young A.vachelli can adequately deal with 
relatively long term starvation at the expense of somatic growth. On recovery 
feeding the levels of body constituents and growth rate can be increased, and it 
appears that starved individuals are able to fully recover and reach a similar 
condition to individuals from a history of feeding. The potential to recover 
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suggests that regardless of the feeding history of the individual, young fish 

recruiting to the adult population may be in similar condition. 
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Table 2. Comparisons between the FIELD and FED populations of Ambassis vachelli. 
Observed range of variables. 

Variable FIELD Fish FED Fish 

SL (mm) 5.5-14.0 8.4-17.9 

Wet Weight (g) 0.00391-0.04484 0.00680-0.12880 

K-Value 0.93-2.12 1.33-2.34 

Water (mg.g-1 ) 610.6-863.0 728.2-796.1 

Protein (mg.g -1 ) 40.5-126.7 47.1-81.6 

Lipid (mg.g -1 ) 17.6-135.6 23.2-88.7 

Carbohydrate 
(mg.g -1 ) 

1.1-11.1 1.7-30.2 

Muscle Fibre 
Diameter (Am) 4.5-40.3 7.3-41.3 

Otolith Increment 
widths (Am) 1.1-13.8 1.3-12.3 

Rates of increase for each variable. 

Variable FIELD Fish FED Fish 

SL (mm.d -1 ) 0.02-0.30 0.18-0.20 

Wet Weight (mg.d -1 ) 0.7-2.8 1.4-2.2 

Water (mg.g-l .c1-1 ) 1.33-3.89 0.56-1.67 

Protein(mg.e.c1-1 ) 0.00-1.00 1.78-2.00 

Lipid (mg.g - l.c1-1 ) 1.01-1.11 2.67-3.56 

Carbohydrate 
(mg. g-l .c1-1 ) 0.17-1.00 2.05-3.16 
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Table 3. Results of ANOVAs on levels of measured variables between juvenile Ambassis 
vachelli in the FED treatment and the FIELD fish. 
(d.f. = degrees of freedom; A = Trial A; B = Trial B; Carb. = carbohydrate). 
(n.s. = not significant at 5% level of testing, * = significant at 5% level of testing, ** = 
significant at 1% level of testing, *** = significant at less than 1% level of testing). 

Results of ANOVAs between days 0-9 of the experiment. 

Variable d.f. F-statistic 

SL - A 1,56 1.62•• 
-B 1,58 2.17n.s. 

WW - A 1,56 9.33**  
- B 1,57 7.15***  

K -A 1,56 5.39*  
-B 1,57 5.139*  

Water - A 1,42 7.07*  
- B 1,43 1.37n... 

Protein - A 1,40 18.84***  
- B 1,43 4.53".8.  

Lipid - A 1,42 0.01".  
- B 1,43 53.64***  

Carb. - A 1,42 50.48***  
- B 1,43 52.16- 

Results of ANOVAs between days 10-24 of the experiment. 

Variable d.f. F-statistic 

SL - A 1,41 42.14*" 
- B 1,47 2.98n... 

WW - A 1,42 67.78***  
- B 1,47 40.41 ***  

K - A 1,42 22.19***  
- B 1,47 26.01 ***  

Water - A 1,31 
- B 1,33 6.56.  

Protein - A 1,31 13.26***  
- B 1,33 9.69**  

Lipid - A 1,31 6.21 *  
- B 1,33 82.92***  

Carb. - A 1,31 7.37 *  
- B 1,33 36.68*** 
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Table 4. Summary of maximum likelihood analysis of variance comparing the distribution of 
muscle fibre diameters between juvenile Ambassis vachelli from the FED treatment and the 
FIELD fish. 
(** = significant at the 1% level, *** = significant at less than 1% level). 

i). Trial A results. 

Source 	d.f. 	X2-statistic 

Treatment 
Time 
Time x Treatment 

4 63.57***  
16 141.44***  
16 53.5e**  

ii). Trial B results. 

Source 	d. f. 	X2-statistic 

Treatment 
Time 
Time x Treatment 

4 155.56***  
16 225.12***  
16 30.33* 
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Table 5. Results of ANOVAs comparing the levels of measured variables in juvenile Ambassis 
vachelli within the treatments. If significant at a=0.05 then a comparison between treatment 
means was performed (MC). 
(d.f. = degrees of freedom; A = Trial A; B = Trial B; Carb. = carbohydrate; FED-FS = 
comparison between means of fish from FED and FS treatments; SF-Rest = comparison 
between means of fish from the SF treatment with fish from the FED and FS treatments if no 
significant difference existed between FED and FS fish; FED-SF = comparison between 
means of fish from FED and SF treatments; FS-Rest = comparison between means of fish 
from the FS treatment with fish from the FED and SF treatments if no significant difference 
existed between FED and SF fish). 
(n.s. = not significant at 5% level of testing, * = significant at 5% level of testing, ** = 
significant at 1% level of testing, *** = significant at less than 1% level of testing). 

i). Results of ANOVAs between days 0-9 of the experiment. 

Variable d.f. F-statistic MC F-statistic 

SL - A 2,64 2.90•• 
- B 2,83 1.97" . s .  

WW - A 2,64 10.16***  FED-FS 0.01•• 
SF-Rest 20.30***  

- B 2,82 12.8f  0.44n .s .  
SF-Rest 25.1e**  

K - A 2,64 14.31 ***  FED-FS 0.99" .  
SF-Rest 27.63***  

- B 2,82 55.92***  FED-FS 0.11 n ' 8 * 
SF-Rest 111.84***  

Water - A 2,36 3.74*  FED-FS 0.00•• 
SF-Rest 7.47." 

- B 2,42 13.01 ***  FED-FS 0.19• .  
SF-Rest 25.83***  

Protein - A 2,36 0.92" .  
- B 2,42 52.99***  FED-FS 1.77" .  

SF-Rest 104.21 ***  

Lipid - A 2,38 10.5e" FED-FS 0.48" .  
SF-Rest 20.55***  

- B 2,42 16.99***  FED-FS 0.37" .  
SF-Rest 33.62".  

Carb. - A 2,38 19.93".  FED-FS 0.02"• 8 • 
SF-Rest 39.80***  

- B 2,42 29.5e**  FED-FS 0.35" .  
SF-Rest 58.78*** 
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Table 5. Continued. 
ii). Results of ANOVAs between days 10-24 of the experiment. 

Variable d.f. F-statistic MC F-statistic 

SL - A 2,47 8.13***  SF-FS 7.82*  
FED-FS 2.9211.8.  

- B 2,70 2.7411.8.  

WW - A 2,48 21.08***  SF-FS 5.57*  
FED-FS 19.84***  

- B 2,67 18.0e" FED-SF 3.05".  
FS-Rest 33.1e" 

K - A 2,48 24.63***  SF-FS 42.06***  
FED-FS 27.99***  

- B 2,67 15.33".  SF-FS 3.41" .  
FED-Rest 5.56*  

Water - A 2,28 16.82***  SF-FS 0.63"' 
FED-Rest 33.02***  

- B 2,33 22.27***  SF-FS 7.89*  
FED-SF 5.04n.8. 

Protein - A 2,28 0.7811.8-  
- B 2,35 3.76*  SF-FS 2.5711.8.  

FED-Rest 4.95*  
Lipid - A 2,28 11.33***  SF-FS 0.13".8.  

FED-Rest 22.52***  
- B 2,35 45.44***  SF-FS 8.03*  

FED-SF 32.87***  

Carb. - A 2,28 12.24." SF-FS 19.87***  
FED-SF 1.31n.8. 

- B 2,35 12.41 ***  SF-FS 8.33*  
FED-FS 1.43n.8. 
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Table 6. Summary of alterations to biochemical levels during starvation and recovery. (Note: 
During starvation the level of all constitutes, except water decreases. Water content increases. 
The opposite occurs during recovery; Maximum change (%) is based on the levels at the start 
of the experiment for starvation calculations and at the start of recovery for the recovery 
calculations). 

A. Starvation. 

Water Protein CAirbohYdige 
Window 0-9d 0-9d 0-9d 0-3d 

Rate 
(mg.e.c1-1 ) 2.56-3.89 2.00-2.22 0.89-2.44 0.00-0.55 

Maximum 
Change (%) 4.0 34.5 44.4 62.5 

B) Recovery. 

Water Protein Lipid Carbohydrate 

Window 0-15d 0-15d 0-6d 0-6d 

Rate 
(mg.g-1 .(1-1 ) 2.67-3.00 2.13-2.27 1.87-2.20 1.25-1.55 

Maximum 
Change (%) 5.0 91.9 132.0 850.0 

Table 7. Changes in SL and Wet Weight during starvation and recovery. (Note: Maximum 
change (%) is based on the levels at the start of the experiment for starvation calculations and 
at the start of recovery for the recovery calculations; Rate refers to the rate of decrease or 
increase in SL and Wet Weight). 

SL. 

StarvifiOn 	 Recovery .. • 

Window 	 0-15d 

Rate (mm.d-1 ) 
	

0.04-0.19 

Maximum 
Change (%) 
	

25.5 

Wet Weight. 

Starvation Recovery 

Window • 0-3d 0-15d 

Rate (g.d -1 ) 0.003-0.004 0.001-0.003 

Maximum 
Change () 40.0 206.7 
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Table 8. Summary of maximum likelihood analysis of variance comparing the distribution of 
muscle fibre diameters between juvenile Ambassis vachelli within the three laboratory 
treatments. 
(*** = significant at less than 1% level). 

Trial A results. 

Source 	 d. f. 	X2-statistic 

Treatment 	12 	80.17." 
Time 	 16 	128.54.5*  
Time x Treatment 44 	232.92." 

Trial B results. 

Source 	d.f. 	X2-statistic 

Treatment 	12 	261.62...  
Time 	 16 	105.76.5.  
Time x Treatment 48 	342.09***  

Table 9. Results of ANOVAs comparing the widths of sagittal increments in juvenile Ambassis 
vachelli within the treatments. If significant at a=0.05 then a comparison between treatment 
means was performed (MC). 
(d.f. = degrees of freedom; A = Trial A; B = Trial B; Carb. = carbohydrate; FED-FS = 
comparison between means of fish from FED and FS treatments; SF-Rest = comparison 
between means of fish from the SF treatment with fish from the FED and FS treatments if no 
significant difference existed between FED and FS fish; FED-SF = comparison between 
means of fish from FED and SF treatments; FS-Rest = comparison between results of fish 
from the FS treatment with fish from the FED and SF treatments if no significant difference 
existed between FED and SF fish). 
(n.s. = not significant at 5% level of testing, * = significant at 5% level of testing, ** = 
significant at 1% level of testing, *** = significant at less than 1% level of testing). 

Results of ANOVAs between days 0-9 of the experiment. 

Variable d.f. F-statistic MC 	F-statistic 

Trial A. 2,250 19.48...  FED-FS 	3.90.  
SF-FS 	25.95***  

Trial B. 2,252 19.16".  FED-FS 	0.61" .  
SF-Rest 	37.13***  

Results of ANOVAs between days 10-24 of the experiment. 

Variable d.f. F-statistic MC 	F-statistic 

Trial A. 2,109 38.48***  SF-FS 	8.84" .8.  
FED-SF 	11.69***  

Trial B. 2,162 13.70***  SF-FS 	5.61 ." 
FED-SF 	7.6e.. 



Starvation Recovery 

Window 0-6d 0-9d 

Rate (Am.d-1 ) 0.186-0.356 0.133-0.167 

Maximum 
Change (%) 56.9 42.9 
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Table 10. Rates of change recorded in otolith increment width data. (Note: Maximum change 
(%) is based on the levels at the start of the experiment for starvation calculations and at the 
start of recovery for the recovery calculations; Rate refers to the rate of decrease or increase in 
the width of increments deposited; During ontogeny, increment widths will reduce from 7.5-
1.5µm (see text). Therefore recovery in terms of increment widths appear confused if 
ontogenetic change is not considered). 

Table 11. Results of repeated measures ANOVA for sagittal increment widths. Test is for 
difference in the reduction of increment width during starvation, comparing otolith increment 
widths of SF treatment fish between days 0-9, otolith increment widths of FS treatment fish 
between days 10-24. Test was to determine if feeding history affected the reduction of 
increment widths during starvation. 
(n.s. = not significant at 5% level of testing, * = significant at 5% level of testing, ** = 
significant at 1% level of testing, *** = significant at less than 1% level of testing). 

i). Trial A results. 

Source d.f. F-statistic 

Feeding Treatment 1 1.11• 
Time 2 5.60***  
Time x Treatment 2 11.16." 

ii). Trial B results. 

Source d. f. F-statistic 

Feeding Treatment 1 0.00•• 
Time 2 5.29*  
Time x Treatment 2 6.19*** 
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Figure 5.1 
Experimental design of the feeding experiment involving young Ambassis 
vachelli. Fish were acclimated for 10d before being assigned to treatments and 
aquaria. Laboratory populations were sampled on six occasions (days 1, 3, 9, 
10, 15 and 24). The Field populations was sampled on days 1, 3, 10, 15 and 
24. The experiment was replicated in April-May (Trial A) and November 
(Trial B), 1991. See text. 
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Figure 5.2 
Growth in standard length (SL) of Ambassis vachelli under different regimes of 
feeding. 

Trial A. 
Trial B. 

v = Fish fed continuously throughout the experiment (FED treatment). 

= Fish that were fed for 9 days and then starved for 15 days 
(FS treatment). 

0= Fish that were starved for 9 days and then fed for 15 days 
(SF treatment). 

■ = Fish sampled from a field population over the course of the 
experiment (FIELD fish). 
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Figure 5.3 
The changes in wet weight of young Ambassis vachelli due to different feeding 
regimes over the course of the experiment. 

Trial A. 
Trail B. 

Symbols as for figure 5.2. 
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Figure 5.4 
Alterations to the water content in young Ambassis vachelli exposed to 
different feeding regimes. 

Trial A. 
Trial B. 

Symbols as for figure 5.2. 
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Figure 5.5 
Mobilisation and deposition of total protein in young Ambassis vachelli exposed 
to different feeding regimes. 

Trial A. 
Trial B. 

Symbols as for figure 5.2. 
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Figure 5.6 
Differences in the mobilisation and deposition of total lipid in young Ambassis 
vachelli exposed to different feeding regimes. 

Trial A. 
Trial B. 

Symbols as for figure 5.2. 
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Figure 5.7 
Alterations in total carbohydrates in young Ambassis vachelli exposed to 
different feeding histories. 

Trial A. 
Trial B. 

Symbols as for figure 5.2. 
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Figure 5.8 
Differences in the condition factor (K) of young Ambassis vachelli exposed to 
different feeding histories. 

Trial A. 
Trial B. 

Symbols as for figure 5.2. 
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Figure 5.9 
Changes in the distribution of muscle fibre diameters in young Ambassis 
vachelli exposed to different feeding treatments during Trial A. See Figure 
5.10 for results from Trial B. 

a). A. vachelli from the FED treatment. 
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Figure 5.9 continued. 
b). A. vachelli from the FS treatment. 
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Figure 5.9 continued. 
c). A. vachelli from the SF treatment. 

Note that data missing from the SF treatment is due to low survivorship within 
the treatment aquaria. 
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Figure 5.9 concluded. 
d). A. vachelli from the FIELD population. 
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Figure 5.10 
Changes in the distribution of muscle fibre diameters in young Ambassis 
vachelli exposed to different feeding treatments during Trial B. See Figure 5.9 
for results from Trial A. 

a). A. vachelli from the FED treatment. 
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Figure 5.10 continued. 
b). A. vachelli from the FS treatment. 
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Figure 5.10 continued. 
c). A. vachelli from the SF treatment. 
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Figure 5.10 concluded. 
d). A.vachelli from the FIELD population. 
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Figure 5.11 
Sagitta otolith increment widths from young Ambassis vachelli exposed to 
different feeding histories in Trial A. The mean for each 3d interval was 
constructed. 

A.vachelli from the FED treatment. 
A. vachelli from the FS treatment. 
A.vachelli from the SF treatment. 
A.vachelli from the FIELD population. 

Note that the increment widths in all treatments, and from the FIELD fish, 
display a trend of decreasing width through time. However, the effects of 
feeding, as expressed in the otolith microstructure, are superimposed on the 
pattern of ontogenetic growth and development of the sagitta. See Figure 5.12 
for results from Trial B. 
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Figure 5.12 
Otolith increment widths from the sagitta of young Ambassis vachelli exposed 
to different feeding histories in Trial B. The mean for each 3d interval was 
constructed. 

A. vachelli from the FED treatment. 
A. vachelli from the FS treatment. 
A. vachelli from the SF treatment. 
A. vachelli from the FIELD population. 

See Figure 5.11 for results from Trial A. 
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Figure 5.13 
Cumulative mortality for young Ambassis vachelli exposed to different feeding 
regimes. 

Trial A. 
Trial B. 

Note that no mortality data was collected for FIELD fish. Symbols as for 
Figure 5.2. 
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Figure 5.14 
Summary of the order of mobilisation and deposition of body constituents in 
young Ambassis vachelli during starvation and recovery feeding. Note that 
carbohydrates are mobilised and deposited first. During the mobilisation and 
deposition of body stores the water content of the fish will fluctuate (see text). 
Protein is mobilised at a slow rate initially, increasing as starvation progresses, 
(see text and Figure 5.5). 
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Chapter 6. 

The Effects of Feeding History on Growth and 
Energy Partitioning in Adult Ambassis Vachelli. 

Summary. 
Adult Ambassis vachelli were used in a laboratory experiment to test the effects of starvation 

and recovery feeding on body constituents and growth. Three laboratory treatments (fed 

continuously; fed for 41d then starved for 33-37d; starved for 41d then fed for 33-37d), were 

compared to fish from a field population. Different systems were affected to different degrees 

during starvation and feeding. Liver carbohydrates and liver lipids were mobilised from the 

onset of starvation and exhausted after 15d, Prior to exhaustion lipid and carbohydrate from 

the viscera and carcass were mobilised. Carcass protein appeared to be least affected by 

starvation and may be the result of a strategy to maintain the integrity of the carcass 

musculature, even after a relatively long period of starvation. Analysis of muscle fibre size 

distributions supports the carcass protein results with declines and increases in muscle fibre 

size distributions recorded during starvation and recovery respectively. On feeding,liver lipid / 

and carbohydrate stores were restored within 15d. Carcass protein was also deposited prior to 

the end of the experiment. However, full recovery of biochemical levels in fish that were 

initially starved and then fed (SF treatment) was not achieved, suggesting that full recovery 

was not possible. Both otolith weight (as the sagitta somatic index (SSI)) and otolith increment 

widths recorded changes in the feeding regimes. With starvation the SSI decreased, suggesting 

that it may be a sensitive indicator of fish condition if calibrated for all species. Otolith 

increment widths declined during starvation and increased during feeding. An 'overshoot' in 

increment widths during recovery feeding was recorded and further research on the use of 

otolith increments as indicators of growth history are required. Overall the results suggest that 

adult fish of this short lived species store or direct energy to gonad development, not somatic 

growth, after a period of starvation. 

Introduction. 

In many studies of fish growth the variables that are measured are often viewed 
in isolation. However, a fish is composed of many integrated systems. It is 
therefore expected that an alteration to fish growth will be reflected in all 

systems to various extents. For example, Suthers et al., (1992) examined the 
growth of Gadus morhua utilising SL, wet and dry weight, otolith increment 
widths and triacylglycerol content as indices of condition. Suthers et al., (1992) 
concluded that indices had different correlation coefficients in regard to fish 
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condition and suggested that otolith increment analysis was the best indicator of 
juvenile cod condition. However, several indices should be measured to 
provide a better indication of changes in fish condition (Black and Love, 1986; 

Suthers et al. , 1992). 

It is expected that stressful conditions will cause alterations in fish condition. In 
tropical estuarine fish the most obvious stresses would be imposed by the 
rapidly fluctuating physical environment (Day, 1981). However, in pilot 
studies, Molony (1988) found that A. vachelli could tolerate temperature 
fluctuations of 11°C and salinity fluctuations of 17 °/.. for periods of at least 
30d without detectable changes in body composition or growth. Similar 
tolerance levels were recorded in other estuarine species of the genus Ambassis 
(Martin, 1988). 

Another form of stress results from differential feeding levels. Food availability 
ranges from low abundance of food to complete starvation for several months 
(Weatherly and Gill, 1987). Differences in feeding regimes are concluded by 
many authors as the most important variable in fish growth, survival and 
condition, (Pepin, 1988; Zhang and Runham, 1992b). Fluctuations in 
temperature and salinity may result in differences in food availability in 
tropical estuaries and coastal waters. 

In the present study the effects of feeding history on the growth and condition 
of A. vachelli are experimentally examined. The experiment tests the effects of 
starvation and details the recovery growth after feeding is resumed. A second 
aim was to compare the effects of starvation on fish from different feeding 
histories. The effects of laboratory conditions were examined with a control 

population that was compared to a field population. The effects of the different 
feeding regimes on the growth and condition of A. vachelli were monitored by 
biochemical and histological techniques as these would provide evidence of the 
location, mobilisation and deposition rates of body stores (Black and Love, 
1986, 1988). Otolith microstructure was monitored to test if alterations in 
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feeding regimes of A. vachelli would be recorded, thus providing a history of 
responses in fish from the field. The overall aim was to integrate all techniques 
to produce a more concise description of changes in the internal conditions of a 
fish. 

Materials and Methods. 
Collection and Maintenance. 

Large A. vachelli (30-50mm SL) were collected from a small tributary of Ross 
River, Townsville, in April and July 1991. Approximately 250 individual 
A. vachelli were caught on both occasions and were taken back to the laboratory 
in aerated containers. Fish were placed in a single 15001 aquarium with a flow-
through water system (50 1.hr -1 ). Water within the aquarium system was held at 
23-28°C, and a salinity of 30-32°/... The aquarium was maintained under 
these conditions for a 30d acclimation period. Fish were fed to satiation twice 
daily (0900 and 1600) with a commercial flake food, (protein-40%, lipid-4%, 
ash-19%). Dead fish were removed prior to feeding. Mortality was less than 
5% during the acclimation period. 

Experimental Design. 

The experiment was designed to determine the feeding history over time on 
fish condition. Three laboratory treatments were set up; 

`39cC 'I- 
I). FED: Fish fed twice a day to satiation at 0900 and 1600 throughout the 
experiment; 

FS: Fish fed twice a day to satiation at 0900 and 1600 until day 41, when 
fish were starved; 

SF: Fish starved for 41d and then fed twice a day to satiation at 0900 and 
1600; 

After the acclimation period fish were randomly assigned to each treatment 
aquarium. Treatment aquaria were 91 plastic buckets, each with their own air 
and flow through water supply. Seven fish were removed from the acclimation 
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aquarium with a dip net and placed in a shallow container with seawater, and 
photographed. Calibrated photographs were used to determine the standard 
length (SL) of fish at the start of the experiment. Fish were then placed into 

treatment aquaria. The aquaria were assigned a number (1 to 24) and a random 
number table determined the order of allocation of photographed fish. This 
provided an unbiased allocation of fish to each aquarium, and aquarium to each 
treatment. Only fish between 30-40mm SL and 40-50mm SL were used in 
Trial A and B respectively in an attempt to reduce the variability among fish. 
A total of 24 treatment aquaria were set up, with eight buckets of seven fish 
from each treatment. No significant difference was recorded in regard to the SL 
of fish among buckets or among treatments (Appendix 9). However, fish in 
Trial B were larger than in Trial A (Appendix 9). 

To provide comparisons with natural populations a field population was 
sampled throughout the experiment. These fish were collected from the same 
site utilising the same techniques as the experimental fish and are referred to as 
FIELD fish throughout the text. 

Due to constraints of space, replicate aquaria for each treatment by time could 
not be run simultaneously. The experiment was replicated in May-August, 
1991 (Trial A), and August-November 1991 (Trial B). There were a total of 
10d between the last sample of Trial A and the first sample of Trial B. As a 
result the data from the FIELD population can be considered continuous. 

The three treatment populations and the field population were sampled 
throughout the experiment, (Table 1). A post-acclimation sample was also 
taken at day 0. The number of dead fish was recorded every day and removed. 
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Table 1. The schedule of sampling of laboratory and FIELD populations of Ambassis vachelli 
for both trials. The Day column refers to the number of days since the commencement of the 
experiment. Numbers after each entry refer to the sample number. See also Figure 6.1 for 
sample des'gn. 

Day. Trial A 
Sampl 

Trial B 
Samples. 

0 Acclimation Sample Acclimation Sample 

7 Field 1 Field 1 

9 Laboratory 1 Laboratory 1 

15 Laboratory 2 Laboratory 2 

16 Field 2 Field 2 

22 Laboratory 3 Laboratory 3 

23 Field 3  Field 3 

41 Laboratory 4 Laboratory 4 

42 Laboratory 5 Laboratory 5, Field 4 

44 Field 4 

49 Field 5 

50 Laboratory 6 

52 Laboratory 6 

53 Field 5 

59 Laboratory 7 

60 Field 6 

61 Laboratory 7 

63 Field 6 

74 Laboratory 8, Field 7 

77 Field 7 

78 Laboratory 8 

Collection of data. 
All techniques used in data collection are described in detail in Chapter 2. 

However, due to time constraints three carcass, three viscera and three livers 

from each treatment aquarium were analysed biochemically. Otoliths from all fish 

were analysed. 
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Statistical Analysis. 

All biochemical data was analysed by analysis of variance (ANOVA) using 
Type III sums of squares due to unequal number of fish within each treatment. 
Due to low sample numbers for each time the data between 0-41d and 42-
78d (Trial A) and 42-74d (Trial B) were  pooled. If a significant difference was 
identified at the 5% significance level (a =0.05), comparisons among treatment 
means were used to examine the nature of the difference. Laboratory control 
fish (from the FED treatment) were compared to the FIELD fish to examine 
the effects of laboratory conditions on the measured variables. 

Otolith increment data was similarly analysed. The effect of feeding history on 
the decline of otolith widths was examined using a repeated measures ANOVA, 
testing data from the SF treatment fish between 0-41d and the FS fish between 
42-78d (Trial A) and 42-74d (Trial B). 

The size distribution of the muscle fibre diameters among treatment and time 
was examined throughout the experiment using maximum likelihood estimates 
in an ANOVA framework (CATMOD, SAS Institute Inc., 1989). 

Results. 

Growth in SL could not be detected in fish from any treatment. Changes in wet 
weight, both positive and negative were recorded but due to the range of fish 
SL at the commencement of the experiment (approximately 10mm SL) no 
conclusions could be drawn. The range in wet weight of fish between 30 and 
40mm SL was approximately 0.700g (see Figure 3.1). 

Differences in the condition factor (K) were recorded among treatments (Figure 

6.2, Tables 2 and 3). Fish that were fed displayed a relatively constant K-value 
of approximately 2.3. Starving fish had a significantly lower K-value after 42d 
of starvation than fish in the other treatments. Fish that were fed and then 
starved (FS treatment) lost condition at a slower rate when compared to fish 
from a history of starvation (SF treatment). On feeding, fish that were initially 
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starved increased in condition slowly but never reached the level of condition 
of fish that were constantly fed (FED treatment)(Tables 2 and 3). This suggests 
that the condition factor (K) is sensitive to changes in feeding. 

Fish that were fed (FED and FS treatment) increased in LSI up to a value of 
2.00 (2% of body weight) (Figure 6.3). Starving fish displayed a significantly 
lower LSI value, to 0.25, recovering on feeding but never reaching the LSI of 
the FED fish (Tables 2 and 3). Overshoots in LSI were recorded in all feeding 
fish which stabilised at a value of approximately 1.0. 

Mortality was recorded throughout the experiment. A total of 9 fish died in 
Trial A, from of a total of 168. The nine fish were spread throughout the 
treatments with 1 fish from the FED treatment, 4 fish from the FS treatment 
and 4 fish from the SF treatment. In Trial B the mortality results were similar 
with 19 fish dying from a total of 168. In Trial B, 5 fish died in the FED 
treatment, 4 from the FS treatment and 10 from the SF treatment. The deaths 
appear to be unrelated to the treatments with most occurring within 7d of the 
commencement of the Trials probably as a result of handling stress. It appears 
that mortality from starvation is unlikely to have occurred throughout the 
experiment. Therefore, adult A. vachelli can survive at least 41d of starvation.\' 

BIOCHEMISTRY. 
A.Laboratory Effects: FIELD versus FED fish. 
The experiment was designed to assess the effects of sustaining fish in the 
laboratory for long periods of time by comparing the fish from the FED 
treatment to fish from the FIELD population. A summary of the comparisons 
between FIELD fish and fish from the FED treatment is shown in Table 4 with 
results of statistics in Table 5. 

Throughout both Trials carcass water content of the FIELD population 
fluctuated about a level of 740mg.g -1  (Figure 6.4). No significant differences 
were recorded except between 42-74d of Trial B where FIELD fish had a 
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significantly higher carcass water content, possible due to the mobilisation of 
stores to support gonad maturation. Towards the end of Trial B the water 
content was increasing at 0.7mg.g-1 .d-1 . The carcass water content of fish from 
the FED treatment displayed a decreasing trend to end both Trials with a water 
content of approximately 725mg.g -1  (Figure 6.5). The rate of carcass water 
decrease in fish from the FED treatment ranged between 0.38-1.00mg.e.d -1 . 

Fluctuations in the carcass protein content were recorded in FIELD fish 
(Figure 6.4). However, the protein content remained at approximately 
60mg.g-1 . Larger fluctuations were recorded in the protein content of fish from 
the FED treatment of Trial A but not in Trial B (Figure 6.6). No significant 
difference in carcass protein content was recorded between FED and FIELD 
fish. 

The carcass lipid content of FIELD fish remained stable in FIELD fish 
sampled during Trial A, at a level of approximately 37mg.g-1  (Figure 6.4). 
However, the lipid content of FIELD fish sampled during Trial B steadily 
decreased at a rate of 0.16mg.g-1 4-1  to be significantly lower than fish from 
the FED treatment between days 42-74 (Table 4). Fish from the FED treatment 
in Trial A recorded an increase in carcass lipid content (0.17mg.g -l .d-1 ) (Figure 
6.7), but were not significantly different to the level recorded for FIELD fish. 
This is similar to the rate of increase in carcass lipid in fish from the FED 
treatment of Trial B (0.10mg.e.d -1 ). 

The carcass carbohydrate content of FIELD fish remained stable throughout 
both Trials at approximately 5.0mg.g-1  (Figure 6.4) but was significantly lower 
than the carcass carbohydrate content in fish from the FED treatment. Initially, 
large fluctuations were recorded in the carcass carbohydrate content of fish 
from the FED treatment from both Trials (Figure 6.8). However, the 

carbohydrate content stabilised as the experiments progressed. 
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Viscera water content decreased throughout both trials in fish from the FED 

treatment (Figure 6.9). In Trial A the water content reduced during the first 
22d before becoming stable at 550-575mg.g'. In Trial B the viscera water 
content of fish from the FED treatment decreased for 60d, becoming stable at 
levels similar to those recorded in Trial A. The decrease of viscera water was 
3.39-6.82mg.e.e. In comparison,•the viscera water content of FIELD fish 
was stable during the first 50d of Trial A at approximately 700mg.g' before 
fluctuations were recorded. An increase in viscera water content of 
approximately 0.68mg.g -1 .d-1  was recorded in FIELD fish sampled throughout 
Trial B (Figure 6.10). Experimental fish had a significantly lower viscera water 
content than FIELD fish throughout the experiment, except in Trial A between 
days 1-41 (Table 4). 

FIELD fish sampled throughout Trial A displayed a viscera protein content that 
increased after 22d (Figure 6.10). However, the level remained at 
approximately 60mg.g-1 . A similar pattern was seen in FIELD fish sampled 
throughout Trial B. Fish from the FED treatments displayed fluctuating viscera 
protein contents throughout the experiment (Figure 6.11). The fluctuations 
were of the same magnitude as recorded in the FIELD fish and no significant 
differences were identified between FIELD and FED fish throughout the 
experiment. 

Viscera lipid content was 2-8 times higher in FIELD fish sampled throughout 
Trial A (115-199mg.g -1 ) than in FIELD fish from Trial B (30-75mg.g -1 ) 
(Figure 6.10). The rapid change in viscera lipid abundance occurred between 

Trials, although the Field sample at day 9 of Trial B suggests that the lipid 
content was still reducing. The high lipid content recorded in the viscera 
suggests that the viscera is a site of lipid deposition. In FED fish, the level of 
viscera lipid increased throughout the experiment to 350-400mg.g', 
significantly exceeding the levels recorded in FIELD fish (Figure 6.12) (Table 
4). 
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Although the carcass carbohydrate content of FIELD fish was stable at 

approximately 10mg.g-1  (Figure 6.10) the viscera carbohydrate of fish in the 

FED treatment fluctuated widely (Figure 6.13). More fluctuations were 

recorded in the first 42d of the experiment. However, the final levels of 

viscera carbohydrate were significantly higher in the FED treatment fish than 
in the FIELD fish, except in Trial B, days 42-74 (Table 4). 

Liver water content fluctuated in both FIELD fish and fish from the FED 

treatment (Figures 6.14 and 6.15), with Field fish displayed larger fluctuations. 

The lowest level recorded was similar in all fish (approximately 550mg.g -1 ). 

The liver water content was significantly higher in FIELD fish during the last 
half of both Trials. The liver protein content also fluctuated (Figures 6.14 and 

6.16) but did not display clear trends. FIELD fish generally displayed 

significantly higher levels of liver protein than FED treatment fish. 

Lipid content of the liver exceeded the lipid content of the viscera and carcass, 

suggesting that the liver is another site of lipid deposition (Figures '6.14 and 

6.17). Liver lipid content of FIELD fish increased in both Trials at a rate 

between 1.30-2.98mg.e.e. However, after day 52 of Trial B the liver lipid 
of FIELD fish was mobilised at 0.68mg.g-l.d -1 . The rate of lipid deposition in 

the livers of fish from the FED treatment was between 0.96-1.83mg.e.e. 

Mobilisation of liver lipid was also recorded in FED fish from Trial B after 

day 59 at a rate of 2.20mg.g-i .d -1 . The liver lipid content was similar between 

FIELD and FED fish (Table 4). 

Carbohydrate levels in the liver of all fish were up to 50 times higher than in 

other parts of the body (Figures 6.14 and 6.18), suggesting that carbohydrate is 

preferentially stored in the liver. The level of liver carbohydrate were 

significantly lower in FIELD fish (Table 4). Fluctuations appeared in both 

FIELD and FED fish. 
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It appears that liver lipid and carbohydrate and viscera lipid are the most 
mobile body stores and may provide good indicators of stress. However, liver 
and viscera protein do not appear to be fluctuating in a predictable way and 
may therefore be at constant levels within fish. The changes may be relative 
changes due to the differences in lipid and carbohydrate content of the sites. 

B. Carcass results. 
The water content of the carcass increased on starvation at 0.30-0.61mg.e.d -1  
(Figure 6.5), resulting in fish from the SF treatment having a significantly 
higher water content between 0-42d than fish from the other treatments (Tables 
2 and 3). On feeding, fish that were initially starved (SF treatment) displayed a 
rapid fall in carcass water content (1.43-1.58mg.e.cr 1) . Fish that were initially 
fed displayed a slowly reducing water content (0.12-0.37mg.e.d-1) . On 
starvation, carcass water content in fish from the FS treatment increased slowly 
(0.36-0.81mg.e.d-1 ) and never reached the level of water content of fish from 
the SF treatment. However, rates of increase in carcass water content on 
starvation were similar regardless of history. Fish from the SF treatment 
maintained a water content significantly higher than fish from the FED 
treatment (Tables 2 and 3). 

The protein content of the carcass displayed inverse patterns to the water 
content (Figure 6.6). Fish that were initially fed increased the carcass protein 
content between 0.12-0.24mg.g -1 4-1 . This rate is similar to the decrease in 
water content suggesting that protein is preferentially being deposited in the 
carcass. Fish from the SF treatment showed a significant decrease in carcass 
protein content (0.24-0.48mg.g-1 .d-1 ) (Tables 2 and 3). However, after 41d of 
starvation fish from the SF treatment did not decrease in protein content below 
40mg.g-1 . When fed, fish from the SF treatment deposited carcass protein at a 
higher rate than fish from a history of good feeding (0.35mg.g -1 .d-1 ). When 
fish from the FS treatment were starved the rate of protein mobilisation 
appeared lower, resulting in no significant difference among treatments at the 
end of the experiment. In both Trials fish from the FED treatment maintained a 
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carcass protein content of approximately 60mg.g -1 , suggesting a maximum 

limit. 

Fish that were continuously fed (FED treatment) deposited lipid in the carcass 
at 0.20-0.25mg.e.d-1 , reaching 40-45mg.g-1  (Figure 6.7). On starvation, fish 
from a history of good feeding (FS treatment) mobilised carcass lipid at a rate 
of approximately 0.25mg.g 1 .(1-1 , similar to the rate of deposition. Fish that 
were initially starved (SF treatment) mobilised lipid rapidly (0.37mg.g -l .d-1 ). 
On feeding, fish from the SF treatment deposited lipid at a similar rate to 
mobilisation but did not exceed a level of approximately 30mg.g -1  after 33-37d 
of feeding, significantly lower than fish from the FED treatment (Tables 2 and 
3), suggesting that full recovery is not achieved within the time period of the 
experiment. Fish from a good feeding history (FS treatment) displayed 
starvation resistance to have a similar lipid content to recovering fish from the 
SF treatment. 

The abundance of carbohydrate in the carcass was much lower than protein or 
lipid. In fed fish (FED and FS treatments), the level of carcass carbohydrate 
increased rapidly to approximately 6.0mg.g I  (Figure 6.8). Fish that were 
initially starved (SF treatment) mobilised carbohydrate at a rate of 0.02- 
0.07mg.e.e. Although the rate of carbohydrate mobilisation is lower than 
the mobilisation of lipid and protein it is a significant decrease in abundance as 
carbohydrate is found in lower concentrations in the carcass than both protein 
and lipid. The mobilisation of carbohydrate resulted in SF treatment fish 
having a significantly lower carbohydrate level than fish from the other 
treatments (Tables 2 and 3). On feeding, fish from the SF treatment rapidly 
increased in carbohydrate content (0.20-0.35mg.e.d -1 ) over the first 10d with 
an overshoot in carbohydrate level being recorded. After the overshoot, the 
carbohydrate level stabilised to be similar to that displayed in fish from the 

FED treatment (Tables 2 and 3). Fish from the FS treatment that were starved 
showed a rate of carbohydrate mobilisation similar to that displayed by fish 
from the SF treatment, resulting in a significantly lower carbohydrate content 
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than fish from the other treatments (Tables 2 and 3). The results suggest that 
after a history of good feeding there is little resistance to starvation in terms of 
carbohydrate. This may be related to the low abundance of carbohydrate in the 
carcass and that energy is preferentially stored as lipid or protein. 

C. Viscera Results. 
The water content of the viscera was initially at a similar level to carcass water 
content. Although similar trends were recorded in the water content data of 
viscera and carcass (Figures 6.5 and 6.9), the viscera water content fluctuated 
to a greater degree. The higher levels of fluctuations in viscera water content 
may be a reflection of the viscera weight as compared to the carcass weight, 
(approximately 10%). 

Fish that were initially fed (FED and FS treatments) rapidly reduced viscera 
water content at 1.95-2.93mg.e.d -1  to have a significantly lower water content 
than SF treatment fish (Tables 2 and 3). On starvation, viscera water content in 
fish from the FS treatment increased rapidly (3.03-4.05mg.e.d -1 ). There did 
not appear to be any resistance to starvation in terms of viscera water content 
in fish from a history of feeding. Fish that were initially starved (SF treatment) 
displayed an increase in viscera water content but at a lower rate (1.71- 
2.38mg.g-I .d-1 ) than that displayed by fish from the FS treatment. The low rate 
of increase of viscera water content may be due to the low level of stores in 
the viscera of fish from the SF treatment at the commencement of the 
experiment and therefore exhausting the stores rapidly. On feeding, starved fish 
decreased in viscera water content at approximately 
1.52-2.16mg.g-l .e, similar to the rate of viscera water increase but maintained 
a significantly higher water content than FED treatment fish (Tables 2 and 3). 

The viscera protein data did not display any clear trends in relation to different 

feeding regimes (Figure 6.11) with no significant difference among the 

treatments through time (Tables 2 and 3). The non-significance suggests that, 
the viscera is not a site of protein deposition. Fish from all treatments 



3.42 

displayed similar patterns, however the reasons behind the similarity of the 

viscera protein levels may be explained. Fish experiencing an episode of good 
feeding may deposit protein at a different site (eg. carcass), and preferentially 
deposit lipid in the viscera. Starved fish may exhaust the lipid reserves in the 

viscera and may mobilise protein. Both would be represented by the reduction 

in protein content. However, the total abundance of protein would be higher in 

feeding fish than in fish experiencing starvation. 

The difference among treatments in viscera protein content is supported by the 

visceral lipid data. In fish that were initially fed (FS treatment) lipid was 
deposited in the viscera at a rate of 2.43-4.39mg.e.d -1  (Figure 6.12) 

producing a significantly higher lipid content than SF fish (Tables 2 and 3). 

The content of viscera lipid in starved fish (SF treatment) was depleted at a 

rate of 1.22-1.59mg.e.d -1  to a level of approximately 35-50mg.e. On 

feeding, these fish increased in viscera lipid content at rates similar to the rate 

of mobilisation but did not completely recover to the levels displayed by the 

FED treatment fish (Tables 2 and 3). In contrast, fish from the FS treatment 

rapidly mobilised visceral lipid (2.45-6.00mg.e.d -1) to a level of 
approximately 75-100mg.g -1 ,similar to the recovering SF treatment fish (Tables 
2 and 3). Fish that were continuously fed (FED treatment) continued to deposit 
lipid in the viscera reaching approximately 350mg.g -1  at the end of both trials. 

The difference between Trials may be due to the maturation of gonads in Trial 

B, requiring the partitioning of lipid reserves to gonad production. There 

appears to be little starvation resistance in visceral lipid stores suggesting that 

visceral lipid is able to be rapidly mobilised when required. 

The level of carbohydrate in the viscera was up to 3-4 times that recorded in 

the carcass suggesting that carbohydrate may be stored in the viscera. FED and 

FS treatment fish deposited carbohydrate in the viscera at 0.30-2.57mg.e.e, 

and displayed overshoots in the level of viscera carbohydrate of up to 100% 
(Figure 6.13). Carbohydrate levels of fish from the FS and FED treatments 

were significantly higher than fish from the SF treatment (Tables 2 and 3). 
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Fish from the SF treatment rapidly mobilised visceral carbohydrate to a level 

of approximately 5.0mg.g -1  within 10-16d at a rate of 0.30-2.00mg.e.d -i . On 

feeding, fish from the SF treatment rapidly deposited carbohydrate within the 
viscera reaching a similar level to fish from the FED treatment, significantly 
higher than the level displayed by the starving FS treatment fish (Tables 2 and 
3). This suggest that full recovery of visceral carbohydrate stores is possible 
after 33-37d of feeding. Fish from a history of feeding (FS treatment) rapidly 
mobilised visceral carbohydrate during starvation at a rate similar to fish that 
were initially starved (SF treatment), suggesting no resistance to starvation in 
regard to visceral carbohydrate stores. 

D. Liver Results. 
Water content data for the liver are similar to the results for the water contents 
of carcass and viscera, increasing during starvation and decreasing on feeding. 
However, as the liver is generally between 0.5-2.5% of body weight, the 
changes are of a greater magnitude. Liver water content appears lower than the 
water content of carcass or viscera (Figure 6.15). Overall, the water content of 
the liver during feeding reduced to a level of approximately 600mg.g -1 . Fish 
that were initially starved (SF treatment) rapidly increased liver water content 
up to 700-750mg.g' (at a rate between 12.2-16.7mg.g-l.d -1 ), significantly 
higher than the liver water content of fish from the other treatments (Tables 2 
and 3). On feeding, fish from the SF treatment reduced the water content of 
the liver (2.02-3.60mg.g-1 .(1-1 ) but did not reach the low level displayed by fish 
from the.  FED treatment (Tables 2 and 3). The liver water content of fish from 
the SF treatment increased towards the end of Trial B and may be related to 

maturation. Fish from a history of good feeding that were starved (FS 
treatment) displayed a rapid increase in liver water content (3.75 to 
5.30mg.g-1 4-1 ) to exceed the liver water content of fish from a history of 
starvation. However, the water content of the liver in fish from the SF and FS 

treatments was not significantly different at the end of the experiment 
suggesting that full recovery is not possible, suggesting that there is no 
starvation resistance in terms of liver water content. 
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Protein levels of the liver were not significantly different among fish from any 
treatment throughout Trial B (Figure 6.16) (Tables 2 and 3). However, SF 
treatment fish displayed a higher liver protein content than fish from the other 
treatments during starvation (Tables 2 and 3). At the end of the experiment fish 
from the FED treatment had significantly higher liver protein content than fish 
from the other treatments. The high liver protein levels may be due to FED 
treatment fish depositing protein in the liver as the liver increases in size, while 
starving fish mobilise lipid and carbohydrate preferentially over liver protein, 
resulting in an inflated protein content. 

After 41d of starvation fish from the SF treatment (Trial A) had a significantly 
lower liver lipid content than fish from the other treatments (Figure 6.17) 
(Tables 2 and 3), down to levels of approximately 50-75mg.g'. Feeding fish 
appear to deposit lipid in the liver at rates between 1.46-3.92mg.g -1 4-1 , up to a 
level of approximately 200mg.g'. On starvation, fish from a history of feeding 
may mobilise liver lipids rapidly to levels similar to starving fish. On feeding 
fish from the SF treatment deposited lipid in the liver to a minimal extent, 
suggesting that lipid is preferentially deposited at other sites first (eg. carcass, 
viscera). The non-significant results in Trial B and the second half of Trial A 
may be due to lipid being directed away from storage and into developing 
gonads. 

The level of liver carbohydrate is up to 50 times the level recorded in the 
carcass suggesting that liver is the preferred site of carbohydrate deposition 
(Figure 6.18). During starvation, carbohydrate is rapidly mobilised at rates up 
to 11.00mg.g-l .d-1  (SF treatment). On feeding, the deposition of carbohydrate 
is also rapid (12.70-17.0mg.e.d -1 ) to a level similar to fish that were 
constantly fed (Trial A) or starving fish from a history of good feeding (Trial 
B) (Tables 2 and 3). Fish from a history of feeding that are starved (FS 
treatment) mobilise carbohydrate at similar levels to fish without a history of 
feeding (10.00-12.72mg.e.d -1 ). It appears that regardless of history, 
carbohydrate levels in the livers of fish do not decline below approximately 
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10.00mg.e. At the end of Trial A no significant difference was recorded in 
the liver carbohydrate levels in fish from any treatment. 

HISTOLOGY. 
A. Muscle Fibre Results. 
Significant differences due to treatment, time and the interaction among time 
and treatment were recorded from the analysis of the muscle fibre data (Table 
6). Differences among fish from all treatments appeared to involve the larger 
muscle fibres (> 100µm). In both trials fish from the FED treatment appeared 
to maintain muscle fibre distribution (Figure 6.19 and 6.20) with evidence of 
growth of fibres in fish from Trial B. Maintenance of muscle fibre distribution 
was recorded in fish from the FS treatment to day 42 (Figures 6.19b and 
6.20b). On starvation fish from the FS treatment in Trial A recorded a reduced 
abundance of larger fibres. A higher abundance of fibres of less than 20Am in 
diameter were recorded by day 78 in fish from the FS treatment. A similar 
pattern was recorded in Trial B, although the pattern was not as clearly 
defined. However, at day 74 in Trial B fish from the FS treatment had very 
few muscle fibres exceeding 100Am. 

During starvation fish from the SF treatment also displayed a reduction in the 
abundance of large fibres to an extent that after 22d no fibres over 100p,m 
were recorded in either trial (Figure 6.19c and 6.19c). On feeding, fish from 
the SF treatment displayed growth in muscle fibre diameter. However, even 
after 33-37d of feeding the muscle fibre distribution did not resemble the 
distribution in fish from the FED treatment, suggesting that full recovery was 
not attained. 

The results suggest that the constituents from the larger fibres are preferentially 

mobilised in periods of starvation. Due to the large proportion of muscle in the 
body of fish the results suggest that prolonged starvation can be maintained 
without the death of the fish. However, muscle fibres do not appear to totally 
recover within the time frame of the present experiment. 
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The range of muscle fibre ,diameter tended to be larger in FIELD fish than in 
laboratory fish (Figures 6.19d and 6.19d) although there was not treatment 
effect between FED and FIELD fish from Trial A (Table 7). Time and the 
interaction between time and treatment were highly significant in describing the 

differences between the muscle fibre size distributions of FIELD and FED fish. 
Differences between FIELD and FED fish may be due to the experimental fish 
being confined in a small space whereas fish from the field can swim over 
greater distances, limiting the development of muscle fibres resulting in a 
reduced fibre distribution. Therefore, although the muscle fibre diameters 
appear sensitive to the different treatments caution must be used when 
interpreting muscle fibre diameters in fish from natural populations. 

B. Liver Vacuoles. 
The measurement of vacuole abundance within the hepatocytes produced 
marked differences among treatments (Figures 6.21, 6.22 and 6.23). Fish that 
were feeding had a high proportion of the liver composed of storage vacuoles 
(up to 95%). On starvation, fish from the FS treatment displayed a rapid 
reduction in vacuole abundance to low levels (1.93-4.17%.d 4). A rapid 

increase in vacuole abundance was recorded in the livers of fish from the SF 

treatment on feeding (4.54-5.91%4 4) to be at a similar level to fish from the 
FED treatment (Tables 3 and 8). This suggests that the liver is a very flexible 

organ in terms of storage capacity and can mobilise and deposit lipid stores 

rapidly. 

The abundance of liver vacuoles varied over time in FIELD fish (Figures 6.21 
and 6.22). However, the highest abundance of vacuoles recorded in FIELD 
fish (65%) was significantly lower than the highest abundance recorded for fish 
from the FED treatment (95%) (Table 4). The results suggest that there are 

higher energetic costs associated with fish in natural conditions. assuming that a single 
population was being sampled throughout the experimental period. 

OTOLITH RESULTS. 
A. Sagitta Weight. 
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The Sagitta Somatic Index (SSI) of fish varied among treatments, being higher 

in feeding fish and lower in starving fish (Figure 6.24). Variation in SSI is a 

result of fish wet weight increasing during feeding at a relatively higher rate 

than the increase in weight of the sagitta. The inverse occurs when a fish is 

starving as the sagitta cannot lose weight. 

The SSI appeared to be a sensitive measure of condition in both Trials. Fish 

from the FED treatment of both Trials did not decrease the SSI below 3.50 and 

had a significantly higher SSI at the end of the experiment than fish from the 

other treatments (Tables 2 and 3). Fish that were initially starved (SF 
treatment) displayed a rapidly decreasing SSI to levels of 2.50 in Trail A and 

3.00 in Trial B, significantly lower than the SSI for SF and FS fish (Tables 2 

and 3). Fish from a history of feeding that were then starved (FS treatment 

fish) also displayed a decreasing SSI value but not to the same extent of fish 

from the SF treatment, displaying a similar level to recovering fish at the end 

of the experiment (Tables 2 and 3). This may indicate starvation resistance as 

displayed by SSI values as a result of maintaining fish wet weight. 

In Trial B recovery of the SSI value was recorded up to day 53 before falling 

again. The fall in SSI in feeding fish may be due to the maturation of the 

gonads in fish from Trail B not permitting the deposition of body stores. This 

in turn would keep the weight of the sagitta relatively high when compared to 

fish from other treatments. The level of SSI in fish from the SF treatment on 

day 74 is relatively low and may be due to only one fish remaining in this 

treatment aquaria. However, in terms of SSI, starved fish did not completely 

recover. 

No significant difference in SSI was recorded between FED and FIELD fish 

throughout the experiment (Table 4). 

B. Otolith Increment Widths. 

Increment width from the otoliths of fish from Trial A commenced at 
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approximately 2.5/.4m (Figure 6.25). Fish from the FED treatment initially 

displayed an increase in increment width that stabilised at 2.5gm for most of 

the experiment, with fluctuations from day 55 onwards. However, the width 

did not decline below 2.25p.m. A similar pattern was recorded for fish from 

the FED treatment in Trial B (Figure 6.26) except that the starting increment 

widths was approximately 2.00/4m and fluctuated around a width of 2.25pm. 

Increment widths from otoliths of fish from the FS treatment initially displayed 

a similar pattern to the otolith increment widths of fish from the FED treatment 

with no significant difference recorded in Trial B (Tables 9 and 10). FS 

treatment fish deposited a significantly narrower increment than FED fish in 

Trial A between days 0-41. When fish from the FS treatment were starved 

(day 42 onwards) the width of otolith increments declined to a level of 

approximately 1.8gm in fish from both Trials, significantly lower than 

increments recorded in the FED fish (Table 10). An opposite pattern was 

displayed in the otolith increment width data of fish from the SF treatment with 

a significant reduction in increment width to approximately 1.50-1.75Am 

during starvation that increased to 2.00-2.25tn on feeding. An overshoot in 

otolith increment widths was recorded in fish from the SF treatment with a 

peak of 2.70gm and 2.50t4m recorded in fish from Trial A and B respectively, 

before declining to a level similar to the starving FS treatment fish (Trial A) or 

the FED treatment fish (Trial B)(Tables 9 and 10). The difference in the 

increment widths of the SF treatment fish at the end of each Trial may be due 

to the fish in Trial B having a smaller increment widths than fish in Trial A. 

This suggests that a smaller increase in increment width would be required in 

SF fish from Trial B to reach the levels recorded in the FED fish. 

A repeated measures analysis comparing the decline of increment widths during 

starvation between the SF and FS fish suggested that time has a greater 

influence than treatment in (Table 11). In Trial B the decline in increment 

width was not affected by feeding history. The non-significant result shows 

that during starvation the decline of increment widths occurs at a similar rate 
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regardless of the feeding history the fish has experienced. 

During Trial A the width of daily otolith increments varied considerably in 

FIELD fish around a level of approximately 2.20p.m. Less variation in otolith 

increment width was recorded in FIELD fish from Trial B, fluctuating around 

a width of 2.00Am. Although the fluctuation in increment widths was higher in 

FIELD fish as compared to laboratory fish the increment widths no significant 

difference was recorded in the increment widths between fish from the FIELD 

and FED treatment. The smaller increment widths in FIELD fish from Trial B 

fish is likely to be due to fish from Trial B being older than fish from Trial A. 

As fish increase in age the width of daily increments in the otoliths declines 

from a peak of approximately 7.00-8.00Am to approximately 1.50Am. 

Therefore, although the absolute results between the two trials are different, the 

patterns of change in otolith increment width among fish from different 

treatments appears similar. 

Discussion. 

Fluctuations in food availability and feeding are considered by many authors as 

the most important constraint to fish growth (Pierce et al., 1980; Weatherly 

and Gill, 1987; Zhang and Runham, 1992b). In many fish populations periods 

of low food availability (Bastrop et al., 1991) or starvation are common 

(Wilkins, 1967; Laarson and Lewander, 1973; Black and Love, 1986; Lim and 

Ip, 1989). Other species may be deprived food for relatively short periods of 

time (Love, 1970). The reasons vary from reduced feeding during maturation 

(Love, 1980), variability in food availability (Campton and Gall, 1988; 

Biosclair and Leggett, 1989a; Bastrop et al., 1991) to a complete absence of 

food. In tropical estuaries, fluctuations in salinity and temperature may affect 

the abundance of food species. Jackson (1991) recorded changes in the 

abundance of Acetes sibogae australis, a sergestid crustacean, at a -  similarsite 

to the site used in the present study. A.sibogae australis is a major food source 
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for Ambassis (Goldsworthy, 1985) and changes in abundance may affect the 
growth and condition of A. vachelli. 

As a result of variable food availability there have been many studies of 
starvation in fish (see Love, 1980 and Weatherly and Gill, 1987, for reviews). 
During starvation, growth rate is reduced and may eventually cease or become 
negative as body stores are mobilised to maintain the fish. Usually, liver lipids 
are mobilised first, however many authors do not quantify carbohydrate 
contents (Caulton and Bursell, 1977; Craig, 1977; Deegan, 1986; Tabachek, 
1986; Hails, 1983; Barrows et al., 1988; Conrad et al., 1988; Gamperl et al., 
1988; Hay et al., 1988) or have found carbohydrate in "insignificant amounts" 
(less than 0.5% wet weight (5.0mg.g-1 ) (Brett et al., 1969; Hails, 1983)). It 
has also been found that fish starved for relatively long periods of time (up to 
3-4 years (Love, 1970)) can survive and may recover with feeding. These 
types of studies suggest mechanisms of starvation management (Bastrop, et al., 
1991) over a wide range of species. 	Most studies involve the 
utilisation of species that live for several years. A. vachelli lives for a maximum 
of 370d and differences in the responses to starvation are expected. 

In A. vachelli the deprivation of food for 41d resulted in differences in body 
composition from the sites examined (carcass, viscera, liver). A. vachelli 
preferentially stores the three major energy stores (protein, lipid and 
carbohydrate) in different locations throughout the body. The locations of the 
principle storage site for each constituent is related to the order of mobilisation 
during starvation. 

The liver is relatively flexible in relation to size and weight (Jensen, 1979; 

Weatherly and Gill, 1983a; Tveranger, 1985) and is sensitive to changes in diet 
due to liver function of blood homeostasis in regard to lipid and carbohydrate 
levels (Stryer, 1981). If lipid and carbohydrate levels in the blood are high, the 
liver absorbs excess lipids and carbohydrates and deposits these in the liver. If 
the liver is saturated, storage of lipid and carbohydrate is directed to other sites 
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(eg. viscera). If the blood is low in lipid and carbohydrate (eg. starvation) the 
liver mobilises lipids and carbohydrates from the hepatocytes to maintain 
homeostasis. When the liver reserves are exhausted the mobilisation of reserves 
from other sites occurs. Therefore, any changes to fish metabolism will be 
recorded in the liver first. This is supported by the rapid mobilisation and 

exhaustion of liver stores on starvation and the rapid deposition of stores in the 
liver on feeding. 

In the present study it was found that the liver is a major site of carbohydrate 
storage. This is consistent with previous studies (Weatherly and Gill, 1987; 
Lim and Ip, 1989). The liver carbohydrate level in a well fed A. vachelli may 
be up to 300mg.g-I , 20-50 times the carbohydrate level in other parts of the 
body. Similar levels are reported for horsemackerel (238mg.g -1) and 
scorpionfish (316mg.g-1 ) (Shul'man, 1974). The liver also stores lipid 
(Medford and Mackay, 1978; Jensen, 1979; Tveranger, 1985; Montecchia et 
al., 1990) within vacuoles (Hibiya, 1982) and lipid levels may be as high as 
53% (530mg.g')of liver wet weight (Takama et al., 1985), many times the 
level in the carcass. Often the levels are highest in fish that do not store lipid 
within the carcass, (ie. non-fatty fish). In clupeoids and other fatty fish more 
lipid may be stored within the carcass (Takama et al., 1985). 

On starvation, carbohydrate stores are mobilised immediately and are rapidly 
exhausted (within 10d). The lipid is also mobilised rapidly but depletion of 

liver lipid stores takes a longer period (15d). On recovery feeding, the 
carbohydrate is deposited rapidly, within 10d, to reach levels similar to fish 
that have not experienced starvation. Liver lipid is deposited slowly and 
recovery takes more than 30d. It is therefore hypothesised that liver 
carbohydrate is the primary energy source that is rapidly mobilised to maintain 
the fish. Other species may utilise liver lipid preferentially over liver 
carbohydrate (Christiansen and Klungsgayr, 1987; Lim and Ip, 1989). In 
A. vachelli liver lipid is also rapidly mobilised for maintenance and increases in 
importance as carbohydrate stores are utilised. 
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The rapid mobilisation of liver lipid is supported by the liver histology data. 	/ 
Within 9d the proportion of vacuoles within the liver has fallen and by 22d of 
starvation the level is approximately 20%. The vacuoles in the liver are 
primarily sites of lipid storage with carbohydrate limited to the cytoplasm 
around the vacuole (Hibiya, 1982). The rapid mobilisation of liver lipid has 
been recorded in other species (Takama et al., 1985; Christiansen and 
Klungseyr, 1987; Lim and Ip, 1989). The mobilisation of liver stores is further 
recorded in the lowering of the LSI as the abundance of liver carbohydrate and 
lipid stores decreases. As A. vachelli has extensive visceral fat bodies, changes 
in LSI due to mobilisation of stores appear conservative when compared to 
biochemical and histological data. 

Prior to the total exhaustion of the liver stores, energy stores from other parts 
of the body must be mobilised to maintain the fish. Visceral fat deposits may 
be extensive, contributing up to 400mg.g' of the viscera weight. The viscera 
fat body is rapidly mobilised and reaches low levels (30-50mg.g -I ) within 20-
40d. The residual level of fat that is not mobilised during starvation (30- 
50mg.g-I ) may be required as a storage of energy for gonad development as 
evidenced by the close association of the visceral fat body to the gonads 
(Figure 6.27), and is therefore not expendable in fish maintenance. Other 
species utilise visceral fat stores for gonad development (Tansichuk and 
Mackay, 1989; Rowe et al., 1991), and may cease lipid mobilisation prior to 
lipid exhaustion (Denton and Yousef, 1976). A minimum level of visceral lipid 
may be a survival strategy of the species as regardless of the conditions an 
individual A. vachelli is exposed to, the individual may be able to spawn at some 
stage through the year. Rowe et al. (1991) provides indirect evidence to 
support this theory as male Salmo salar did not reproduce if the viscera fat 
content was below an "undefined level" (p405). 

Visceral carbohydrate deposits are also rapidly mobilised and depleted during 
starvation. Depletion to base levels (5-10mg.g -I ) occurs within 10-20d of the 
onset of starvation. Recovery occurs within a similar time period. Although the 
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level of carbohydrate in the viscera is much lower than the liver, the 	/ 
contribution of viscera carbohydrate to the maintenance of the fish may be 
similar as the viscera is up to 10 times the weight of the liver. No information 
on viscera carbohydrate levels is available from previous studies. 

In both the liver and viscera the mobilisation of protein appears to be minimal. 
In starving fish liver protein may be mobilised for maintenance resulting in a 
decline in abundance. In feeding fish, protein level of liver and viscera may 
remain unaffected or even increase, but the deposition and abundance of other 
constituents may be high, giving the appearance of a falling or stable protein 

content. Starvation for 15d did not alter the protein synthesis rates in the liver 
of Salmo gairdneri supporting the minimal effect of starvation on the protein 

content of the liver (Smith, 1981). Protein sparing, at the expense lipid stores 

has been previously recorded (Watanabe, 1982; Tabachek, 1986). It may be 

possible that any mobilisation of protein from these sites may occur at a latter 

stage of starvation, as a result of cell lysis (Love, 1980; Klinger et al., 1988). 

The mobilisation of liver and visceral lipid and carbohydrate stores may be 

able to sustain the fish for up to 20d of starvation. After 20d, the levels of 

carbohydrate and lipid in these two sites are exhausted. Between 0-10d after 

the onset of starvation, carcass carbohydrate is mobilised but takes at least 41d 

to become exhausted. The level of carbohydrate in the carcass may be as low 

as 2.7mg.e. 

In many studies, carbohydrate levels in fish have been neglected or found to be 
relatively low (Brett et al., 1969; Medford and Mackay, 1978). However, the 
present study and several previous studies have indicated that carbohydrate can 

be rapidly mobilised (Black and Love, 1986, 1988; McCormick and Molony, 

1992a) for supplying energy to the fish in times of limited feeding and stress. 

At approximately 20d after the onset of starvation carcass lipid is mobilised. 

The carcass may mobilise nearly 50% of lipid reserves, reaching a level of 
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15mg.g-I . In other species the loss of carcass lipid during starvation may be in 
the range of 33-75% of the initial level (Idler and Bitners, 1959). A level of 
15mg.g-I  may not be the minimum level for A.vachelli as a pilot experiment 
recorded a level of 12.8mg.g-I  for A.vachelli that was starved for 66d 
(Appendix 1). Due to the weight of the carcass as compared to the total weight 
of the fish, the carcass may be a major site of lipid storage especially in the 
fatty fishes (Takama et al. , 1985). Therefore lipid may be mobilised without 
affecting the carcass protein content (Watanabe, 1982; Tabachek, 1986). 
However, protein must be degraded to utilise lipid stores efficiently (Groves, 
1970) and may also be a precursor in lipid metabolism (Christiansen and 
Klungseyr, 1987). As A. vachelli is a non-fatty fish and has relatively low 
levels of carcass lipid, mobilisation may signify an extreme degree of 
starvation. 	 eLT c c 2  

Carcass protein may also start to be mobilised after 20d of starvation. 
However, the rate of mobilisation of carcass protein is relatively low compared 
to constituents from other parts of the body. Carcass protein is usually the last 
store to be utilised (Christiansen and Klungsoyr, 1987) and may be mobilised 
at a low rate (Lim and Ip, 1989), if at all (Idler and Bitners, 1959; Denton and 
Yousef, 1976). In A. vachelli after 41d of starvation the carcass protein levels 
reduced to approximately 40mg.g-I , a 20-30% decrease in levels prior to 
starvation. Compared to the mobilisation of other constituents from other sites 
within the body, a reduction of 20-30% is relatively low. However, 

mobilisation of carcass protein may have serious repercussions. As most 
protein in the carcass is associated with muscle fibres (Weatherly and Gill, 
1987) and any decrease may reduce swimming ability (Lowery and Somero, 

1990), reducing the efficiency of food capture and predator avoidance. The 
preservation of protein levels in the carcass can be regarded as a strategy for 
survival during starvation, maintaining swimming ability, at the expense of 
other body stores. 
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Further evidence is provided by the muscle histology data. In starvation it 

appears that fibres greater than 100Am in diameter are affected during 
starvation. The fibre is not mobilised but the protein within the fibre is, 
resulting in smaller fibres. After 41d of starvation very few fibres over 100/2m 
were recorded. A small proportion of fibres below 20tim were present 
suggesting that although protein appears to be preferentially mobilised from 
larger fibres, all fibres have a reduction in size and therefore protein content. 

On recovery feeding, fish that were starved for 41d deposited energy stores in 
a similar order to the mobilisation. Liver carbohydrate levels were restored 
within 10d and evidence of overshoot was recorded. Carbohydrate levels in the 
viscera and carcass were also restored within 10d, except in the viscera of fish 
in Trial B. The slow recovery of the viscera may be due to differential 
partitioning of energy to reproduction as fish in the FED treatment also 
displayed a decline in carbohydrate levels. However, fish from the SF 
treatment in Trial B did eventually reach the same level of visceral 
carbohydrate as the fish from the FED treatments. 

Lipid content of the carcass, viscera and liver slowly increased over 33-37d of 
feeding but did not reach the levels of fish from the FED treatment. The 
results suggest that the restoration of carbohydrate is more important than the 
restoration of lipid, due to the rapid mobilisation and deposition of 
carbohydrate. However, when carbohydrate stores are saturated excess 
carbohydrate may be converted to lipid (Lehninger, 1973). 

Overshoots in the levels of carbohydrate from the liver, viscera and carcass in 
Trial A were recorded. An overshoot refers to the increase in a body 
constituent above the levels for a fish in good condition (ie. well fed). The 
level eventually reduces to levels found in fish of good condition. The process 

behind overshoots is poorly known but has been recorded in other species 
during recovery feeding and is considered an over-compensation for periods of 
starvation (Love, 1980). It appears that carbohydrate overshoot is related to the 
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over production of insulin in the pancreas, triggered by feeding (on proteins) 
after periods of starvation (Christiansen and Klungsoyr, 1987). Recovery 
feeding also initiates the production of glucose (via gluconeogenesis) in the 
liver. These two factors may be responsible for the overshoot in carbohydrate 
content. In previous studies carbohydrate overshoots are recorded in liver 
(Creac'h, 1972 in Love, 1980) and carcass (Ince and Thorpe, 1976) of fishes 
but no study has examined viscera carbohydrate levels. 

Protein is deposited in the carcass after 10d of feeding and the content rises at 
a rate similar to mobilisation. The increase in carcass protein is also recorded 
in the muscle histology. Large fibres are recorded in fish from the SF 
treatment after 10d of recovery feeding. However, after 33-37d of feeding 
carcass protein content has not reached the levels found in fish from the FED 
treatment, indicating that further feeding is required for total recovery. 
However, partial recovery of carcass protein before the complete recovery of 
lipid stores in the carcass and viscera support the importance of protein in fish 
survival. 

Throughout starvation and recovery, the water content in all three sites 
displayed an inverse relationship to the level of body constituents. During 
starvation, water content increased, decreasing during feeding. The change in 
water content with starvation is due to an increase in water content maintaining 
the weight and volume of the site during the initial stages of starvation, 
replacing the constituent being mobilised (Lim and Ip, 1989). On feeding water 
is displaced to allow the deposition of body constitutes. Variations in water 
content with starvation and feeding have been previously recorded (Brett et al., 
1969; Johnston and Goldspink, 1973; Hay et al., 1988). Although water 

content does allow the estimation of condition, the stage of starvation and the 
constituents being mobilised can only be identified by determination of the 

individual constituents. The concurrent determination of several different 
constituents are recommended to provide a precise description of the processes 
involved (Black and Love 1986). 
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Monitoring of fish from the natural habitat throughout the experiment (FIELD 
fish) allowed the comparison of the experimental feeding regime natural 
conditions. Fish from the laboratory control (FED treatment) not only 
displayed similar levels of constituents but also the fluctuations recorded were 
of a similar magnitude to the FIELD fish. However, fish from the FED 

treatment had a lower carcass water and higher carcass lipid content than 
FIELD fish, although carcass protein levels were similar. Throughout the 
experiment the FIELD fish appeared to be depositing stores, particularly lipid 
and carbohydrate stores in the viscera and liver. However, during Trial B, 
mobilisation of lipids from carcass, viscera and liver were recorded. Liver 
carbohydrate may have also been mobilised. The reason is likely to be due to 
gonad development as gonad maturation occurs between August and November 
in A. vachelli. Therefore, mobilisation of stores and an alteration in partitioning 
into the development of gonads is likely. It is important to note that although 
lipid and carbohydrate stores have been mobilised, relatively little change in 
carcass protein abundance is recorded, supporting the importance of carcass 
protein to the survival of A. vachelli. This suggests that the experimental 
feeding regimes were comparable to field regimes especially as fish increased 
in age and commenced gonad development (Trial B). 

The pattern of mobilisation and deposition of body stores during starvation and 

feeding is summarised in Figure 6.28 and Tables 6, 7 and 8. The data suggest 
that the carbohydrate stores are rapidly depleted in starvation. Lipid is then 
mobilised and exhausted in the liver. However, viscera lipid levels remain high 
as a possible insurance for reproduction. Finally carcass protein is mobilised. 
The protein content of the liver and viscera may remain in a constant 
proportion within these organs and systems due to the function of protein in 
these sites, structurally and in enzyme systems and production (Lehninger, 
1973; Stryer, 1981). Therefore, the digestive system may not mobilise the 

proteins as it may interfere with digestive functions, and therefore recovery, if 

food is encountered. The stability of the visceral protein levels suggests the 
maintenance of the integrity of the digestive system during prolonged 
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starvation. In other species the digestive system may be the first to be affected 
by starvation although the constitutes mobilised are unknown (Thielacker, 
1978; Weatherly and Gill, 1981a). Recovery on feeding is rapid in regard to 
carbohydrate levels, with carcass and viscera lipid never fully recovering. 

Black and Love (1986) in a study of starvation and recovery in Gadus morhua 

found that liver lipid and glycogen and white muscle glycogen (carbohydrate) 
were mobilised initially and exhausted after 10-12 weeks. After 8 weeks of 
starvation muscle (carcass) protein was mobilised and continued to be 
mobilised throughout starvation. Carcass lipid was not examined. On recovery 
feeding, overshoots were recorded in glycogen (carbohydrate) contents of liver 
and muscle (carcass) before returning to 'normal' levels. The liver lipid levels 
did not rise immediately on feeding but slowly increased to 'normal' levels. 
The pattern described by Black and Love (1986) for G.morhua is similar to 
that described here for A. vachelli except that the time scale is larger in 
G.morhua. This is due to G.morhua living for several years while A. vachelli 
lives for less than 370d. 

If fish are exposed to a history of feeding (ie. the FS treatment) the pattern of 
constituent mobilisation is similar, however the time to exhaust the reserves is 
much longer as these fish more extensive body stores. The mobilisation of 
carbohydrate from the liver, viscera and carcass takes a similar amount of time 
regardless of the feeding history of the fish, supporting the conclusion that 

carbohydrates are the immediate energy reserves of fish. However, the 
mobilisation of liver and viscera lipid takes longer and fish from the FS 
treatment do not reach the low levels of fish from the SF treatment for 33-37d. 

The mobilisation of carcass lipid initially occurs at a lower rate in fish from a 

history of feeding when compared to fish without a history of feeding, 
increasing as starvation proceeded. The difference in rates may be due to the 

high level of lipid stored throughout the fish during a history of feeding, 
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therefore resulting in more lipid able to be mobilised. After 33-37d of 

starvation the level of carcass lipid reached similar levels in fish with and 
without a history of feeding. 

The conservation of carcass protein is again supported by the ability of fish 
from a history of feeding to maintain the level for 20d of starvation. This may 
be a result of the greater energy reserves in other parts of the body (eg. liver 
and viscera) sparing protein levels. The preferential use of constituents other 
than carcass protein results in the maintenance of muscular integrity during 
early starvation, maintaining the ability to avoid predators and to hunt for food. 

The sagitta otoliths recorded the changes in condition of fish from the different 
treatments. As body constitutes were mobilised the width of the daily 
increments deposited in the sagitta decreased (Figure 26, Table 9). The change 
in sagitta increment widths with variations in diet has been previously 
hypothesised and recorded from other species (Brothers, 1981; Brothers and 
McFarland, 1981; Campana, 1984b; Campana and Neilson, 1985; Volk et al., 
1984). On feeding, the width of sagittal increments in fish that had been 
starved increased to a level higher than in fish from the FED treatment, 
possibly recording the overshoot of lipid and carbohydrate levels in the liver 
and viscera. A significant difference due to treatment was recorded in starving 
fish from different feeding histories. 	 It appears that fish from a 
history of feeding may reduce increment widths slower than fish without a 

history of feeding. The maintenance of increment widths may be related to the 
more extensive body reserves as a result of feeding. However, further research 
is required. 

The difference between the Trials in regard to the effect of treatment may 
again be a result of energy partitioning for reproduction in Trial B fish. Excess 
energy would be directed to the developing gonads, reducing somatic rate 
regardless of the feeding history or present feeding regime of the fish. In 
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Trial A developing gonads were not recorded and therefore energy would be 

involved only in the maintenance and recovery of the fish. 

When compared to the K-values, the SSI produced similar results and both may 

be useful in estimating fish condition. As sagitta weight is relatively small in 

relation to fish weight, the index is more sensitive to changes in fish weight 

than the K-factor. Variation in sagitta size and weight between fish growing at 

different rates has often been termed uncoupling (Wright, et al., 1990). 

However, only fish length and weight have been considered. When viewed 

with biochemical and histological data the uncoupling of sagitta weight is due 

to biochemical changes resulting in alterations in fish growth and condition. 

However, variation in increment width during different feeding regimes 

suggests that the otolith growth rate is variable, not truly uncoupling, when 

compared to fish growth rate. 

The SSI has advantages over biochemistry as results are rapidly and easily 

collected without the use of specialised equipment. Alternatively, the 

quantification of a single body constituent, (eg. liver carbohydrate, liver lipid, 

viscera lipid) may be enough to estimate fish condition. However, baseline 

studies examining all constituents and the use of histology and otolith 

microstructure are a prerequisite to using a single technique. 

It appears that A. vachelli is sensitive to alterations in food availability and may 

be exposed to limiting food supplies under field conditions (Robertson and 

Duke, 1987, 1990; Jackson, 1991). By mobilising body stores from different 

parts of the body A.vachelli can maintain survival for at least 41d. Survival 

may be extended if the individual fish has been exposed to a history of feeding. 

The mobilisation of constituents is ordered and probably controlled by the 

liver. If starved fish are able to feed, recovery of the body stores, commencing 

with liver stores, occurs. However, total recovery may not be possible. 

Conclusion. 

The use of the 18 measures of condition have resulted in a better understanding 
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of the processes of mobilisation, deposition and condition in A.vachelli. It 
appears that the traditional indicators of condition (Fulton's K and LSI) are 
relatively conservative. The most sensitive measures are lipid and carbohydrate 

levels of liver and viscera and, to a lesser extent, carcass. Liver and viscera 
protein contents did not appear to fluctuate in a predictable way. It appeared 
that the carcass protein content was a good indicator of prolonged starvation as 
mobilisation only occurred after approximately 20d at a slow rate. The 
deposition also occurred slowly and complete recovery of the carcass protein to 
pre-starvation levels was not recorded. 

Liver vacuoles follow a similar pattern to the mobilisation and deposition of 
liver lipid and carbohydrate and resulted in a sensitive and rapid technique to 
identify starvation. The sagitta increment widths also displayed clear trends. It 
appears that the decline in width occurs after liver lipid and carbohydrate stores 
have been exhausted (approximately 10-15d). The link between liver stores and 
the otolith increment deposition is further supported by the increase in width on 
feeding, and the recording of an ' overshoot' in increment width in fish from 
the SF treatment in both Trials. However, interpretation of increment widths in 
fish from an unknown feeding history (FIELD fish) appear less precise. The 
imprecision may be due to variable daily feeding regimes in the field as 
compared to the stable feeding conditions in the laboratory. However, the 
increment width data from the FIELD fish does suggests that short term 
periods of food limitation, and subsequent mobilisation and deposition of stores "\ "1  
may occur naturally, suggesting that the experiment was simulating expected 
conditions. 

Several survival strategies for starvation were recorded in A. vachelli. The 
protein content of the digestive system (ie. liver and viscera) is maintained. 
Without the structure of the digestive system and the production of enzymes 

and specialised proteins,recovery would not be possible. Secondly, the carcass 
protein is not mobilised until 20d of starvation. As carcass protein is confined 
to the muscle fibres of the fish, a reduction in protein levels is expected to 
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reduce the ability to swim, leading to greater predation rate or lower prey 
capture, both having consequencesfr fish survival. However, if feeding does 
not occur reproduction may still be possible, as suggested by the close 
association of the visceral fat body to the gonads and the retention of a 
minimum fat reserve in the viscera (50-100mg.g -1 ). The proximity of the 
gonads to the visceral fat body is a reproductive strategy that may be exclusive 
to annual species of fish that must reproduce at least once within the year. 



163 

Table 2. Summary of alterations to biochemical levels during starvation and recovery. (Note: 
During starvation the level of all constitutes, except water decreases. Water content increases. 
The opposite occurs during recovery; Maximum change (%) is based on the levels at the start 
of the experiment for starvation calculations and at the start of recovery for the recovery 
calculations; Protein was concluded not to vary in a predictable way in viscera and lipid, 
therefore no references are provided in these tables). 

A. Starvation. 
Carcass Constituents. 

Water Protein Lipid Carbohydrate 

Window 20d-• 20d-. Od-. 

Rate 
(mg.g -1 .d-1 ) 0.30-0.61 0.24-0.48 0.37 0.02-0.07 

Maximum 
Change (%) 3.3 34.5 46.8 66.7 

Viscera Constituents. 

Water Protein Lipid Carbohydrate 

Window Od-. - 0-30d 0-15d 

Rate 
(mg.g- l.d-1 ) 1.71-2.38 - 1.22-1.59 0.30-2.00 

Maximum 
Change (%) 15.0 - 54.5 64.0 

Liver Constituents. 

Water Protein Lipid Carbohydrate 

Window 0-15d - 0-10d 0-15d 

Rate 
(mg.g- l.d-1 ) 12.2-16.7 - 1.59-3.00 11.00-12.72 

Maximum 
Change (%) 18.3 - 35.0 89.0 
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Table 2. Continued. 
B. Recovery. 

Carcass Constituents. 

Water Protein Lipid Carbohydrate 

Window 0-21d 11d--• Od-. 0-11d 

Rate 
(mg.f 1 .d-1 ) 1.43-1.58 0.35 0.37 0.20-0.35 

Maximum 
Change (%) 4.6 18.4 86.7 250.0 

Viscera Constituents. 

Water Protein Lipid Carbohydrate 

Window Od-. - Od-► 0-11d 

Rate 
(mg.g-1 .(1-1 ) 1.52-2.16 - 1.22-1.59 0.30-2.57 

Maximum 
Change (%) 11.0 - 200.0 250.0 

Liver Constituents. 

Water Protein Lipid Carbohydrate 

Window 0-38d - 0-38d 0-11d 

Rate 
(mg.g-I.d-1) 2.02-3.60 - 0.78-3.75 12.70-17.00 

Maximum 
Change (%) 10.4 - 100.0 1900.0 
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Table 3. Results of ANOVAs comparing the levels of measured variables in adult Ambassis 
vachelli within the treatments. If significant at a=0.05 then a comparison between treatment 
means was performed (MC). 
(d.f. = degrees of freedom; A = Trial A; B = Trial B; Carb. = carbohydrate; FED-FS = 
comparison between means of fish from FED and FS treatments; SF-Rest = comparison 
between means of fish from the SF treatment with fish from the FED and FS treatments if no 
significant difference existed between FED and FS fish; FED-SF = comparison between 
means of fish from FED and SF treatments; FS-Rest = comparison between means of fish 
from the FS treatment with fish from the FED and SF treatments if no significant difference 
existed between FED and SF fish). 
(n.s. = not significant at 5% level of testing, * = significant at 5% level of testing, ** = 
significant at 1% level of testing, *** = significant at less than 1% level of testing). 

i). Results of ANOVAs between days 0-41 of the experiment. 
a). Somatic index and liver histology results. 

Variable d.f. F-statistic MC F-statistic 

K - A 2,67 5.65**  FED-FS 5.35" .  
SF-Rest 9 . 31 ***  

- B 2,45 7.61 ***  FED-FS 2.31" .  
SF-Rest 14.89***  

LSI - A 2,52 17.65  0.01n' 
SF-Rest 35.28***  

- B 2,43 18.55***  FED-FS 5.49n .8.  
SF-Rest 23.11 ***  

SSI - A 2,63 6.42***  FED-FS o.oe•s. 
SF-Rest 12.8e" 

- B 2,46 6.78***  FED-FS 0.07n .8.  
SF-Rest 13.49***  

Liver 	- A 2,30 29.44*  FED-FS 3.12" .  
Vacuoles SF-Rest 55.77***  

- B 2,20 49.43***  FED-FS 0.74" .  
SF-Rest 98.13*** 



Table 3. Continued. 
Carcass constituent results 

Variable d.f. 	F-statistic MC F-statistic 

Water - A 2,32 	9.34***  FED-FS 0.25' 
SF-Rest 18.43***  

- B 2,31 	216.49***  FED-FS 0.99".  
SF-Rest 452.00***  

Protein - A 2,32 	14.12***  FED-FS 
SF-Rest 28.21 ***  

- B 2,31 	9.36***  FED-FS 0.26" .  
SF-Rest 18.45***  

Lipid - A 2,32 	9.61 ." FED-FS 1.82" .  
SF-Rest 17.39***  

- B 2,31 	10.48." FED-FS 3.10a•8 • 
SF-Rest 17.8e" 

Carb. - A 2,32 	47.46***  FED-FS 0.75• .  
SF-Rest 94.17***  

- B 2,31 	14.59." FED-FS 0.34•• 
SF-Rest 28.84***  

Viscera constituent results 

Variable d.f. 	F-statistic MC F-statistic 

Water - A 2,33 	17.31 ***  FED-FS 0.57•• 
SF-Rest 34.05***  

- B 2,30 	12.41 ***  FED-FS 0.03'.8.  
SF-Rest 24.86***  

Protein - A 2,33 	o.oe•. • 
- B 2,31 	0.62• .  

Lipid - A 2,33 	12.06***  FED-FS 0.03•• 
SF-Rest 24.09***  

- B 2,30 	19.19***  FED-FS 1.81• 
SF-Rest 36.58***  

Carb. - A 2,33 	9.90***  FED-FS 0.05•• 
SF-Rest 19.7e" 

- B 2,30 	19.27***  FED-FS 0.19" .  
SF-Rest 38.37*** 
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Table 3. Continued. 

d). Liver constituent results 

Variable d.f. F-statistic MC F-statistic 
--------------------- 

Water - A 2,29 9.69***  FED-FS 1.50•• 
SF-Rest 17.88***  

- B 2,27 6.52***  FED-FS 0.00".  
SF-Rest 13.04***  

Protein - A 2,29 8.57***  FED-FS 1.32n... 
SF-Rest 15.83***  

- B 2,28 0.53' 

Lipid - A 2,29 7.91 ***  FED-FS 0.10•• 
SF-Rest 15.72—  

- B 2,26 3.19n .8.  

Carb. - A 2,29 48.81 ***  FED-FS 0.33' 
SF-Rest 92.90***  

- B 2,26 28.33***  FED-FS 0.93• .  
SF-Rest 56.23***  

ii). Results of ANOVAs between days 42-78 of Trial A and days 42-74 of Trial B. 
a). Somatic index and liver histology results. 

Variable d.f. F-statistic MC F-statistic 

K - A 2,37 11.50***  SF-FS 1.93n.s. 
FED-SF 21.36 .  

- B 2,18 8.88***  FS-SF 2.89" . s .  
FED-Rest 14.86***  

LSI - A 2,36 14.37***  FED-SF 1.54" .  
FS-Rest 27.19***  

- B 2,18 6.07**  SF-FS 1.22"" 
FED-Rest 10.92- 

SSI - A 2,37 4.93 **  SF-FS 1.54"• 8.  
FED-Rest 8.31 ***  

- B 2,17 3.68*  SF-FS 1.19n.s. 
FED-Rest 6.18***  

Liver 	- A 2,16 11.31 ***  FED-SF 0.07"•s• 
Vacuoles FS-Rest 22.55***  

- B 2,19 12.93***  FED-SF 5.54"•s• 
FS-Rest 20.31*** 
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Table 3. Continued. 

Carcass constituent results 

Variable d.f. 	F-statistic MC F-statistic 

Water - A 2,21 	6.39*  SF-FS 1. 9 1 n•s. 
FED-Rest 10.86***  

-B 2,18 	1.17" .  

Protein - A 2,21 	1.06"•s• 
- B 2,18 	3.14n.8- 

Lipid - A 2,18 	4.14*  SF-FS 1.29" .8.  
FED-Rest 7.00.... 

- B 2,18 	6.09" SF-FS 1.18n•8. 
FED-Rest 11.00w  

Carb. - A 2,21 	3.82*  FED-SF 0.15"• 8 • 
FS-Rest 27.83***  

- B 2,18 	3.95 *  FED-SF 0.80• .  
FS-Rest 7.10*  

Viscera constituent results 

Variable d.f. 	F-statistic MC F-statistic 

Water - A 2,24 	8.72***  SF-FS 0.02•• 
FED-Rest 17.4e" 

- B 2,18 	14.01 ***  SF-FS 1.90•• 
FED-Rest 26.13***  

Protein - A 2,21 	0.24• .  
- B 2,18 	0.82• .  

Lipid - A 2,21 	6.0e. SF-FS 0.05• .  
FED-Rest 12.07***  

- B 2,18 	19.57***  SF-FS 0.01• .  
FED-Rest 39.13 ***  

Carb. - A 2,21 	1.66" .  
- B 2,18 	4.41 *  SF-FS 2.38•• 

FED-Rest 6.45* 
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Table 3. Continued. 
d). Liver constituent results 

Variable d.f. F-statistic MC F-statistic 

Water - A 2,22 11.01 ***  SF-FS 2.7911•8. 
FED-Rest 19.23***  

- B 2,17 4.27*  SF-FS 0.84•• 
FED-Rest 7.71" 

Protein -A 2,20 4.77*  SF-FS 7.07*  
FED-SF 7.34*  

- B 2,18 0.34• .  

Lipid - A 2,19 3.41"• 8.  
- B 2,18 0.10• .  

Carb. - A 2,18 10.71 ." FED-SF 0.64" .s .  
FS-Rest 20.78***  

- B 2,18 14.44—  FED-SF 0.25• .  
FS-Rest 28.63*** 
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Table 4. Comparisons between the FIELD and FED populations of Ambassis vachelli 
displaying the range of rates of increase for each biochemical variable. 

Carcass. 

Variable FIELD Fish FED Fish 

Water (mg.g-1 .(1-1 ) 0.42-0.59 0.38-1.00 

Protein(mg.g-1 .(1-1 ) 0.15-0.20 0.10-0.20 

Lipid (mg.g-1 .(1-1 ) -0.16-0.00 0.10-0.18 

Carbohydrate 
(mg.g-1 .d-1 ) Stable 0.02-0.33 

Viscera. 

Variable FIELD Fish FED Fish 

Water (mg.g-1 .(1-1 ) -1.29-1.12 -3.39-6.82 

Protein(mg.g -1 .(1-1 ) -1.12-1.36 Fluctuations 

Lipid (mg.g-1 .d-1 ) 0.00-3.33 2.33-13.24 

Carbohydrate 
(mg.g-1 .(1-1 ) Stable 0.30-2.78 

Liver. 

Variable FIELD Fish FED Fish 

Water (mg.g-l .d-1 ) 1.61-6.85 0.00-0.94 

Protein(mg.g- l.d-1 ) 0.00-0.85 Fluctuations 

Lipid (mg.g-l .d-1 ) 1.07-3.57 1.03-2.29 

Carbohydrate 
(mg.  g.  I . d-i) 0.27-15.74 4.44-14.44 
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Table 5. Results of ANOVAs on levels of measured variables between adult Ambassis vachelli 
in the FED treatment and the FIELD fish. 
(d.f. = degrees of freedom; A = Trial A; B = Trial B; Carb. = carbohydrate). 
(n.s. = not significant at 5% level of testing, * = significant at 5% level of testing, ** = 
significant at 1% level of testing, *** = significant at less than 1% level of testing). 
i). Results of ANOVAs between days 0-41 of the experiment. 

a). Somatic index and liver histology results. 

Variable d.f. F-statistic 

K - A 1,59 14.41 ***  
- B 1,38 3.28" .  

LSI - A 1,53 29.77." 
- B 1,37 27.62***  

SSI - A 1,55 1.10•• 
- B 1,37 0.32•• 

Liver 	- A 1,21 31.21 ***  
Vacuoles - B 1,20 48.21 ***  

Carcass constituent results 

Variable d.f. F-statistic 
----- 	----------- ------- 

Water 	- A 1,21 1.11•• 
- B 1,22 5.02• .  

Protein - A 1,21 5.01" .8.  
- B 1,22 0.11•• 

Lipid - A 1,21 0.97• .  
- B 1,22 4.08". 

Carb. - A 1,21 42.50***  
- B 1,22 5.74' 

Viscera constituent results 

Variable d. f. F-statistic 

Water 	- A 1,22 11.31 **  
- B 1,21 3381.72 ***  

Protein - A 1,22 come•.. 
- B 1,21 0.65" .  

Lipid - A 1,22 6.49*  
- B 1,21 6.04*  

Carb. - A 1,22 8.54*  
- B 1,21 8.09* 
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Table 5. Continued. 
d). Liver constituent results 

d.f. F-statistic Variable 

Water 	- A 1,21 4.53" .  
- B 1,28 32.01 m  

Protein - A 1,21 9.03*  
- B 1,20 33.20." 

Lipid - A 1,21 2.22•• 
- B 1,21 11.86*  

Carb. - A 1,21 56.02...  
- B 1,19 45.80m  

-------- 	 ----------------- 

ii). Results of ANOVAs between 
Somatic index and liver 

Variable 

days 42-78 of Trial A and days 42-74 of Trial B. 
histology results. 

d.f. 	F-statistic 

K - A 1,33 22.00." 
-B 1,14 1.71" .  

LSI - A 1,30 2.96•• 
- B 1,14 0.10•• 

SSI - A 1,32 0.51•• 
- B 1,13 0.46•• 

Liver 	- A 1,14 6.94*  
Vacuoles - B 1,12 133.09...  

Carcass constituent results 

Variable d.f. F-statistic 

Water 	- A 1,12 0.71" .  
- B 1,14 25.13m  

Protein - A 1,13 0.12•' 
- B 1,14 0.30•• 

Lipid - A 1,13 5.70n • 
- B 1,14 81.96...  

Carb. - A 1,13 61.30m  
-R 1 	1') 16 (17." 
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Table 5. Continued. 

Viscera constituent results 

Variable d.f. F-statistic 

Water 	- A 1,13 17.10***  
- B 1,12 61.91 ***  

Protein - A 1,12 2.65n.8.  
- B 1,12 3.35" .8.  

Lipid - A 1,13 11.81 *  
- B 1,12 40.76***  

Carb. - A 1,12 16.80". 
- B 1,12 5.54• .  

Liver constituent results 

Variable d.f. F-statistic 

Water 	- A 1,10 2.79"•8.  
- B 1,14 62.25***  

Protein - A 1,10 0.00•• 
- B 1,14 22.85***  

Lipid - A 1,10 0.21".  
- B 1,14 3.21"•8 • 

Cart). - A 1,10 9.00*  
- B 1,14 64.20*** 



Window 0-41d 0-11d 

Starvation Recovery 

Rate (%.(1 -1 ) 1.14-1.95 5.45-5.91 

Maximum 
Change (%) 94.4 1300.0 

174 

Table 6. Summary of maximum likelihood analysis of variance comparing the distribution of 
muscle fibre diameters between adult Ambassis vachelli within the three laboratory treatments. 
(*** = significant at less than 1% level). 

i). Trial A results. 

Source d.f. 

Treatment 15 
Time 30 
Time x Treatment 85 

2-statistic 

91.020**  
83.30***  
214.4e**  

ii). Trial B results. 

Source d.f. 

Treatment 15 
Time 30 
Time x Treatment 90 

X2-statistic 

110.38***  
74.82***  
263.51 ." 

Table 7. Summary of maximum likelihood analysis of variance comparing the distribution of 
muscle fibre diameters between FIELD and FED treatment adult Ambassis vachelli. 
(n.s. = not significant at the 5% level, *** = significant at less than 1% level). 

i). Trial A results. 

Source 	 d. f. 	X2-statistic 

Treatment 
Time 
Time x Treatment 

5 
25 
25 

5.55n.e. 
67.35***  
45.1e- 

ii). Trial B results. 

Source d.f. x2-statistic 

Treatment 5 15.12- 
Time 30 79.91 ***  
Time x Treatment 30 96.98***  

Table 8. Rates of change recorded in the liver histology data. (Note: Maximum change (%) is 
based on the levels at the start of the experiment for starvation calculations and at the start of 
recovery for the recovery calculations). 
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Table 9. Rates of change recorded in otolith increment width data. (Note: Maximum change 
(%) is based on the levels at the start of the experiment for starvation calculations and at the 
start of recovery for the recovery calculations; Rate refers to the rate of decrease or increase in 
the width of increments deposited). 

Starvation Recovery 

Window 0-35d 0-25d 

Rate (tim.d4 ) 0.021-0.030 0.036-0.038 

Maximum 
Change (%) 33.3 60.0 

Table 10. Results of ANOVAs comparing the widths of sagittal increments in adult Ambassis 
vachelli within the treatments. If significant at a=0.05 then a comparison between treatment 
means was performed (MC). 
(d.f. = degrees of freedom; A = Trial A; B = Trial B; Carb. = carbohydrate; FED-FS = 
comparison between means of fish from FED and FS treatments; SF-Rest = comparison 
between means of fish from the SF treatment with fish from the FED and FS treatments if no 
significant difference existed between FED and FS fish; FED-SF = comparison between 
means of fish from FED and SF treatments; FS-Rest = comparison between results of fish 
from the FS treatment with fish from the FED and SF treatments if no significant difference 
existed between FED and SF fish). 
(n.s. = not significant at 5% level of testing, * = significant at 5% level of testing, ** = 
significant at 1% level of testing, *** = significant at less than 1% level of testing). 

Results of ANOVAs between days 0-41 of the experiment. 

Variable d.f. F-statistic MC 	F-statistic 

Trial A. 2,2055 172.24***  FED-FS 29.62...  
SF-FS 170.61 ..' 

Trial B. 2,1570 81.02—  FED-FS 0.52•• 
SF-Rest 161.54***  

Results of ANOVAs between days 42-78 (Trial A) or days 42-74 (Trial B). 

Variable d.f. F-statistic MC 	F-statistic 

Trial A. 

Trial B. 

2,760 

2,409 

58.58".  

33.0e**  

SF-FS 
FED-Rest 

SF-FS 
FED-SF 

0.00n -s - 
117.15 ***  

43.02***  
1.60•. 
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Table 11. Results of repeated measures ANOVA for sagittal increment widths of adult 
Ambassis vachelli. Testing for difference in the reduction of increment widths during 
starvation, comparing otolith increment widths of SF treatment fish between days 0-41, otolith 
increment widths of FS treatment fish between days 42-78 (Trial A) or days 42-74 (Trial B). 
Test was to determine if feeding history affected the reduction of increment widths during 
starvation. 
(n.s. = not significant at 5% level of testing, * = significant at 5% level of testing, ** = 
significant at 1% level of testing, *** = significant at less than 1% level of testing). 

Trial A results. 

Source d. f. F-statistic 

Feeding Treatment 1 4.75*  
Time 7 5.55***  
Time x Treatment 7 1.00• 

Trial B results. 

Source d. f. F-statistic 

Feeding Treatment 1 3.57• .  
Time 6 2.33' 
Time x Treatment 6 2.33. 



177 

Figure 6.1 
Design of the experiment involving adult Ambassis vachelli. Fish were 
acclimated for 28d. In Trial A laboratory fish were sampled on 8 occasions 
(days 9, 15, 22, 41, 42, 49, 63 and 78). A total of 7 FIELD samples were 
collected (days 7, 16, 23, 44, 50, 61 and 77). An acclimation sample (day 0) 
was also collected from the laboratory population. In Trial B the sampling days 
were different due to logistical constraints. Laboratory populations were 
sampled 8 times (days 9, 15, 22, 41, 42, 51, 59 and 74) and the FIELD 
population was sample on 7 occasions (days 9, 15, 23, 44, 50, 61 and 74). 
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Figure 6.2 
Variation in the condition factor (Fulton's K) in adult Ambassis vachelli under 
different feeding regimes. 

Trial A. 
Trial B. 

v= Fish fed continuously throughout the experiment (FED treatment). 
•= Fish that were fed for 9 days and then starved for 15 days 

(FS treatment). 
❑= Fish that were starved for 9 days and then fed for 15 days 

(SF treatment). 
■ = Fish sampled from a field population over the course of the 

experiment (FIELD fish). 
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Figure 6.3 
Changes in the Liver-Somatic Index (LSI) of adult Ambassis vachelli under 
different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.4 
Variations in the carcass constituents of adult Ambassis vachelli sampled from 
the field during the experiment (FIELD population). 

Carcass water content, Trial A. 
Protein, liver and carbohydrate content of the carcass, Trial A. 
Carcass water content, Trial B. 
Protein, liver and carbohydrate content of the carcass, Trial B. 

P = Carcass protein content. 
L = Carcass lipid content. 
C = Carcass carbohydrate content. 
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Figure 6.5 
Changes in the carcass water content in adult Ambassis vachelli exposed to 
different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.6 
Variations in the protein content of the carcass of adult Ambassis vachelli under 
different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.7 
Alterations to the carcass lipid content of adult Ambassis vachelli exposed to 
different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.8 
Differences in the carcass carbohydrate content of adult Ambassis vachelli 
subjected to different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.9 
The changes in abundance of viscera water content in adult Ambassis vachelli 
exposed to different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.10 
Fluctuations in the abundance of viscera constituents in adult Ambassis vachelli 
collected in the field during the experiment (FIELD samples). 

Viscera water content, Trial A. 
Protein, liver and carbohydrate content of the viscera, Trial A. 
Viscera water content, Trial B. 
Protein, liver and carbohydrate content of the viscera, Trial B. 

P = Viscera protein content. 
L = Viscera lipid content. 
C = Viscera carbohydrate content. 
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Figure 6.11 
Variations in the protein content of the viscera of adult Ambassis vachelli under 
different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.12 
Changes in the abundance of viscera lipid of adult Anibassis vachelli exposed 
to different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.13 
Changes in the viscera carbohydrate content in adult Ambassis vachelli 
throughout the experiment. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.14 
Variation in the levels of liver constituents in adult Ambassis vachelli sampled 
from the field (FIELD population) throughout the course of the experiment. 

Liver water content, Trial A. 
Protein, liver and carbohydrate content of the liver, Trial A. 
Liver water content, Trial B. 
Protein, liver and carbohydrate content of the liver, Trial B. 

P = Liver protein content. 
L = Liver lipid content. 
C = Liver carbohydrate content. 
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Figure 6.15 
Variations in the water content of the liver in adult Ambassis vachelli exposed 
to different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.16 
Changes in protein content of the liver in adult Ambassis vachelli exposed to 
different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.17 
Variations in the liver lipid content in adult Ambassis vachelli exposed to 
different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.18 
Differences in the abundance of liver carbohydrate in adult Ambassis vachelli 
exposed to different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.19 
Variations in the distribution of muscle fibre diameters of the Musculus 
carinatus dorsalis muscle in adult Ambassis vachelli from Trial A. See figure 
6.20 for the results from Trial B. 

a). Fish from the FED treatment. 
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Figure 6.19 continued. 
b). Fish from the FS treatment. 
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Figure 6.19 continued. 
c). Fish from the SF treatment. 
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Figure 6.19 concluded. 
d). Fish from the FIELD population. 
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Figure 6.20 
Variations in the distribution of muscle fibre diameters of the Musculus 
carinatus dorsalis muscle in adult Ambassis vachelli from Trial B. See figure 
6.19 for results from Trial A. 

a). Fish from the FED treatment. 
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• 

Figure 6.20 continued. 
b). Fish from the FS treatment. 
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Figure 6.20 continued. 
c). Fish from the SF treatment. 
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Figure 6.20 concluded. 
d). Fish from the FIELD population. 
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Figure 6.21 
Changes in the abundance of lipid vacuoles in the livers of adult Ambassis 
vachelli exposed to different feeding regimes during Trial A. 

Fish from the FED treatment. 
Fish from the FS treatment. 
Fish from the SF treatment. 
Fish from the FIELD population. 

See figure 6.22 for the results from Trial B. 
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Figure 6.22 
Changes in the abundance of lipid vacuoles in the livers of adult Ambassis 
vachelli exposed to different feeding regimes during Trial B. 

Fish from the FED treatment. 
Fish from the FS treatment. 
Fish from the SF treatment. 
Fish from the FIELD population. 

See figure 6.21 for results from Trial A. 
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Figure 6.23 
Photomicrographs of the histology of the liver in adult Ambassis vachelli. 

a). Liver from a 48.5mm SL fish from the FED treatment after 41d of 
feeding. Scale bar = 50ym. 

b). Example of a liver from 34.3mm SL fish from the SF treatment 
after 22d of starvation. Scale bar = 50ym. 

Note the vacuoles (arrowed) in a) that contribute a high proportion of the 
volume of the liver. In b) the vacuoles are still present but are reduced and are 
not visible in all hepatocytes. 
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Figure 6.24 
Variations in the Sagitta-Somatic Index (SSI) in adult Ambassis vachelli 
exposed to different feeding regimes. Symbols as for Figure 6.2. 

Trial A. 
Trial B. 
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Figure 6.25 
Changes in the width of daily otolith increments in the sagitta of adult 
Ambassis vachelli deposited during Trial A. 

Fish from the FED treatment. 
Fish from the FS treatment. 
Fish from the SF treatment. 
Fish from the FIELD population 

See figure 6.27 for Trial B results. 
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Figure 6.26 
Changes in the width of daily otolith increments in the sagitta of adult 
Ambassis vachelli deposited during Trial B. 

Fish from the FED treatment. 
Fish from the FS treatment. 
Fish from the SF treatment. 
Fish from the FIELD population. 

See figure 6.26 for Trial A results. 
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Figure 6.27 
Photomicrograph of a section of testes from a 34.0mm SL male Ambassis 
vachelli. Note the close association of fat cells of the visceral fat body 
(arrowed), suggesting a direct link between the fat body and the gonads. Scale 
bar = 100Am. 
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Figure 6.28 
Diagrammatic summary of the order of mobilisation and deposition of body 
store in adult Ambassis vachelli. Carbohydrate appears to be the first store 
mobilised throughout the body. However, the liver carbohydrate reserves are 
exhausted prior to the carbohydrate reserves at other sites. Protein in the 
carcass appears to be mobilised slowly after 20d of starvation suggesting that 
the integrity of the muscular system is preserved. Restoration follows a similar 
order to mobilisation. 
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Chapter 7. 

HISTOLOGICAL AND BIOCHEMICAL ASPECTS OF GONAD 
DEVELOPMENT IN AMBASSIS VACHELLI. 

Summary. 

Histological and biochemical aspects of gonad development in Ambassis vachelli were 

examined. The development of male and female gonads is similar to that described for other 

species. The maturation of gonads in relatively small (and therefore young) fish, the GSI data 

and the presence of recruits throughout the year indicate that this Ambassis vachelli is capable 

of spawning throughout the year. However, a peak in spawning may occur between November 

and February. Changes in the constituents of both male and female gonads from immature to 

mature are related to the function of the gamete. Oocytes increase in protein and lipid to 

support development and growth of the larvae until the commencement of exogenous feeding. 

In contrast, the lipid content of the testes decreased with size as the energy is required solely 

for locomotion of the spermatozoa. Atretic follicles were present in all ovaries examined. 

Atresia may be a strategy for the regulation of oocyte production under fluctuating feeding 

conditions. Compared to other Ambassis species, the eggs of A. vachelli are relatively large, 

suggesting a longer non-feeding period and larger larvae at hatching. The largest females did 

not necessarily have the largest or most mature ovaries and this may be indicative of 

senescence, supporting other biological data suggesting that A.vachelli lives a maximum of 

370d. 

Introduction. 

The life history of a fish can be divided into many stages (see Chapter 3). As a 

fish increases in size and age it reaches a stage where energy is partitioned 

from other sites of the body to gonad development (Craig, 1977; Medford and 

Mackay, 1978). The amount of energy partitioned into reproduction increases 

as the gonads reach full maturity. Fertilisation is usually external and if 

successful, the next generation of fish is produced. Therefore, information on 

the reproductive biology of a species is important both to the understanding 

and survival of the species. 

Although many studies addressing the GSI and histological development of the 

gonads exist, few studies examine the chemical biology of gonad development. 

The GSI alone may be an inadequate indicator of maturity as the GSI is not 
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always correlated to reproductive condition (De Vlaming et al., 1978; See 

Chapter 4). Histology of gonads allows the classification of the gonads to 
developmental stages but does not provide any information on partitioning of 

body stores (protein, lipid and carbohydrate) required to support gonad 
development. Therefore, analysis of the constituents of the gonads may provide 
additional information on the reproductive biology of a species. 

The energy required to produce mature oocytes exceeds that to produce mature 

spermatozoa (Chellappa et al., 1989). However, as males are generally smaller 

than females (Weatherly and Gill, 1987), the energy required to produce 
mature testes is significant. Further, the reproductive behaviour of males often 

results in a high energetic cost (Chellappa et al., 1989). Therefore, analysis of 

gonads from both sexes is required to obtain a complete view of reproduction 

of a species. 

Information on the reproductive biology of a range of tropical fish species 
exists. However, few studies exist addressing aspects of the reproductive 

biology of fish from the genus Ambassis, (eg. Milton and Arthington, 1985; 

Semple, 1985; Coates, 1990) and no information exists for A. vachelli. It is the 

aim of this chapter to describe aspects of the maturing gonads in A. vachelli in 

terms of biochemical and histological changes. 

Material and Methods. 
During dissection gonads were removed and weighed. The GSI for each fish 
was calculated. One gonad from each fish was assigned to biochemistry or 

histology. However, immature gonads were too small and both were assigned 
to biochemistry or histology. All techniques are described in Chapter 2. 

The sex of the fish was checked by histology. Ovaries were viewed at 100x 

magnification and were assigned to one of five stages based on the most mature 

oocyte. The stages were based on those described by Ntiba and Jaccarini 
(1990), and West (1990). A summary of the characteristics used to define each 
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stage are detailed in Appendix 4 (p 257). 

Ovaries were scanned for the presence of post-ovulatory follicles, atretic 

follicles and any pathological conditions. Micrographs of type examples were 

produced. Several large ovaries were fixed for histology but were then 

examined for oocyte size distribution and fecundity. The ovaries were shaken 

vigorously to release the oocytes. Most vitellogenic oocytes were released by 

this technique and further oocytes were teased out with fine forceps. Some 

small pre-vitellogenic oocytes did remain within the stroma but these were able 

to be measured in situ. 

A sub-sample (0.5 ml) of released oocytes in F.A.A.C. were placed on a slide. 

The preparation was viewed at 40x and the maximum diameter of at least 170 

oocytes were measured. Fecundity was estimated by counting the number of 

oocytes in the sub-sample (0.5 ml) and correcting for the total volume of 

F.A.A.C. in which the ovary was shaken. 

Males were not staged as all testes examined contained all stages of 

spermatogenesis. However, examples of testicular tissue are provided. 

Results. 
Gonads were able to be macroscopically identified to sex in fish over 35mm 

SL. Generally females were larger than males and had larger gonads. 

However, the largest fish did not necessarily have the largest gonad (Figures 1 

and 2). 

The high variability in the GSI data throughout the sampling period suggests 

that A.vachelli has an extended breeding season (Chapter 4). The year round 

presence of early juveniles (less than lOmm SL)(Chapter 4) provides further 

evidence for an extended breeding season. However, it appears that A. vachelli 

has a peak in reproductive activity between November and February. 
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The fecundity of A. vachelli was estimated as 1700-3864 oocytes from the 

ovaries of three fish caught in October, 1991 (Figure 7.8). The sample size 

used (n=3) is not large enough to provide detail of size or age related 

fecundity but did provide data on the order of magnitude of total fecundity. 

Biochemistry. 

The constituent levels of ovaries and testes are similar in small gonads. 

However, during development the constituent levels of ovaries and testes 

diverge (Table 1). A high water content was recorded for stage one and two 

ovaries (775mg.g-I ), reducing to a level of approximately 600mg.g -1  in mature 

ovaries (stages 4 and 5) (Figure 3). The carbohydrate content also decreased 

with increasing gonad maturity and weight from 80mg.g -I  to 5mg.g 1 . As water 

and carbohydrate contents decreased, protein and lipid contents increased. The 

lipid content increased from approximately 50mg.g-1  to over 200mg.g-I  in 

mature ovaries (Figure 3) with a maximum of 330mg.g -I  of lipid in one ovary. 

The protein content increased from 50mg.g -1  in small ovaries to over 150mg.g- 
1 • in mature ovaries. 

Carbohydrate content of the testes followed a similar pattern as described for 

the ovaries, however the water content increased as the testes increased in size, 

exceeding 825mg.g-I  (Figure 4). As water content increased, lipid content 

reduced from approximately 70mg.g-1  in small testes to 25mg.g-I  in larger 

testes. Throughout the growth of the testes the protein level remained relatively 

stable. 

Table 1. Changes in the biochemical characteristics during development of ovaries and testes in 
Ambassis vachelli. 

Content 
mg.  g.i 

Small 
Testes 

Small 
Ovary 

Stage 1-2 

Large 
Testes 

Large 
Ovary 

Stage 4-5 

Water 775 775 825 600 

Protein 45 50 50 150 

Lipid 70 50 25 300 

Carbohydrate 15 20 5 5 
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Histology. 

Female Ambassis vachelli ranged in maturity stage from 1 to 5 based on the 

most mature oocyte (Figures 3 and 5). A majority of the ovaries examined 

were at stages 2 and 3, with only one stage 1 ovary recorded. However, the 
largest fish did not have the largest or most mature ovary. The lack of stage 1 

ovaries recorded may be indicative of a rapid development of oocytes in 

A. vachelli. 

Stage 5 oocytes did not section cleanly due to hydration of the follicle. The 

centre of these follicles had a collapsed appearance, easily identified from other 

follicles (Figure 5). Post-ovulatory follicles were identified by their large size 

and convoluted appearance. The follicle wall that surrounded the oocyte 

appeared to collapsed and became surrounded by phagocytic cells and 

compacted granulosa cells (Figure 6). Post-ovulatory follicles were generally 

situated close to the ovary wall. 

Atretic follicles were found in all ovaries although some ovaries had a higher 

proportion. Even stage 2 ovaries (pre-vitellogenic) had evidence of atretic 

follicles. In the early stages of atresia the follicle wall became thinner. As 

atresia progressed, the cytoplasm took on a vacuolated appearance and stained 

lighter than maturing oocytes of a similar size. The follicle then appeared to 

decrease in size (Figure 7). 

The histology results suggest that not all oocytes within the ovary mature at the 

same time. In the three ovaries examined for fecundity and oocyte size 

distribution it appears that two to four batches of eggs are present, suggesting 

that A. vachelli is a multiple spawner (Figure 8). The size of each batch may be 

approximately 150 eggs, as calculated utilising the proportion of eggs in the 

largest mode and the estimated fecundity. The estimate of batch size was 

supported by the relatively small numbers of hydrated oocytes (stage 5) present 

within mature ovaries. However, as the sample size is small (n = 3) this data 

should only be used as preliminary results until further data is collected. 



216 

In the testes, the development of spermatozoa was identified. Spermatogonia 

were arranged about the outside of lobules of the testes and were identified by 

the relatively large size and lighter staining of the cells (Figure 9). The 

spermatocytes were arranged on the inside of the spermatogonia and were 

smaller than the spermatogonia. Arranged inside the spermatocytes were the 

spermatids and mature spermatozoa, readily identified by the red staining tails 

used in propulsion. The presence of spermatozoa in the lumen and epididymis 

tissues was also recorded. 

Several gonads were found to have characteristics different to normally 

developing gonads. One ovary was found to have fibrous growths. The follicles 

within this area appeared to have ovulated and it may be a degenerating ovary. 

A single testes was noted to have an area of dark pigment that may be related 

to damage. However, most gonads appeared normal. 

Discussion. 
Reproduction is the ultimate goal for each fish. Species that live for several 

years may fail to reproduce during a particular year (eg. Pleuronectes platessa 
(Rijnsdorp, 1990); Salmo salar (Rowe et al., 1991)), without a large effect on 

lifetime reproductive output. For A. vachelli, that lives for a maximum of 370d, 

reproduction must occur at some stage during the year, regardless of 

environment or history. 

A. vachelli start to sexually mature at approximately 30-35mm SL. Full sexual 

maturity may be attained at any size greater then 35mm SL. A relatively small 

size at sexual maturity (25-35mm SL) has also been recorded in A.agrammus 
and A.macleayi (K. Bishop, unpubl. data, in Allen and Burgess (1990)). 

It appears that A. vachelli has an extended breeding season. This is based on the 

presence of early juveniles (6-10mm SL) throughout the year (Chapter 4), 

relatively high GSI values for most of the year and the presence of several 

batches of oocytes at different stages. Nearly all fish observed had ovaries 
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containing oocytes of stage 2 or higher, suggesting that all females will spawn 

at some stage throughout the season (Rijnsdorp, 1989). However, juvenile 

A. vachelli were most abundant between November and February, suggesting 

that there is a concentration of reproduction between these two months. 

Previous studies on the reproductive biology of Ambassis have also recorded 

extended reproductive seasons. The GSI for both males and females remained 

high with a low variability in A.interrupta (Coates, 1990). The peak GSI of 

male and female A.nigripinnis occurred between October and February, with a 

small peak in March (Milton and Arthington, 1985). In these three species of 

Ambassis, (A.vachelli, A.interrupta and A.nigripinnis) the spawning period 

coincides with the tropical summer. Therefore, these species spawn during the 

warmer period of the year where salinity is likely to be unstable (Chapter 4). 

Therefore, it is likely that increasing temperatures or fluctuations in salinity 
may trigger reproductive activity. However, GSI values for different fish may 

confound identification of spawning seasons as the GSI is not always correlated 

to reproductive condition (De Vlaming et al., 1978). Therefore, more sensitive 

measures of gonad condition are required. 

In the present study, biochemical analysis of the gonads provided information 

on gonad development. During development, gonads (and therefore gametes) 

displayed trends in biochemical constituents. In ovaries, the major changes 

were a decrease in water content with a subsequent rise in both lipid and 

protein content. The lipid content increased 4-6 fold while the protein increased 

2-3 fold when the chemical composition of ripe ovaries (stage 4 and 5), was 

compared to unripe ovaries (stage 1 and 2). 

A reduction in water content during development has been previously recorded 

in the oocytes of Clupea harengus pallasi where the water content prior to 

spawning is 66-76% (660-760mg.g -I ) (Gillis et al., 1990). A redirection of 

lipid from muscle to the ovary of maturing Oncorhynchus nerka resulted in a 

rapid rise in lipid content of the ovary (Idler and Bitners, 1960). The 
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redirection of energy from somatic tissue (particularly from the liver (Medford 

and Mackay, 1978; Crupkin et al., 1988; Montecchia et al., 1990)) to gonad 
tissue is a common phenomenon in other species (Craig, 1977; Millner et al., 
1991). In the developing ovary of A.vachelli, lipid content increased above the 

protein content and accounted for a high proportion of ovary weight after water 

(up to 300mg.g -1 ). A high lipid content (to 30%), with a lower protein content 

(approximately 11.5%), was also recorded in the ovaries of Trichogaster 
pectoralis, a tropical Anabantid (Hails, 1983). In other species it is protein, not 

lipid, that contributes most to ovary weight after water (eg. Pleuronectes 
platessa (Rijnsdorp and Ibelings, 1989), Esox lucius (Medford and Mackay, 

1978). The difference in constituent abundance may be due to the reproductive 

strategies displayed by different species. Pleuronectes platessa (350mm SL) 

produces approximately 90 000 eggs per season (Rijnsdorp et al., 1983, in 

Rijnsdorp and Ibelings, 1989), and may spawn for several years in the open 

ocean (Rijnsdorp, 1990). A. vachelli may produce up to 3864 oocytes per 

female in several batches and lives for a maximum of one year in tropical 

estuarine and coastal waters. 

The fecundity recorded for A. vachelli in the current study (3864) is similar to 

the fecundity of A. agrammus (2360) that attains a comparable size to A. vachelli 
(60mm SL (Semple, 1985; Allen and Burgess, 1990)). In general, fish from 

the genus Ambassis produce between 5-250 eggs per spawning, producing up 

to 750-2905 eggs per season (Milton and Arthington, 1985; Semple, 1985). 

However, larger marine species (eg. A.interrupta) may produce between 29 
000-310 000 eggs per season (Coates, 1990). A.interrupta obtains a maximum 
length in excess of 105mm SL and may be longer lived than A. vachelli. Fish 

from the genus Ambassis spawn in rivers (Milton and Arthington, 1985; 

K.Bishop unpubl. data in Allen and Burgess, 1990) or at the mouths of 

estuaries (Venkataramanujam, 1975). Although no running ripe A.vachelli were 

captured it is expected that A. vachelli will move to the mouths of rivers to 

spawn, similar to other species of Ambassis (Venkataramanujam, 1975). This 

hypothesis is supported by the lack of A. vachelli recruits from Ross River for 
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most of the year, while recruits were found at the Breakwater (less than 1 km 

from the river) throughout the year. 

The increase in lipid and protein is due to deposition of oil and yolk within the 

oocyte. As the oocyte matures the presence of oil droplets and yolk plates 

increases and is characteristic of the stage of development (Ntiba and Jaccarini, 
1990; West, 1990). As a result the egg increases in size from 22gm to 730p,m 

during development in A. vachelli. The size of the mature egg in A. vachelli 
(730/4m) is relatively large compared to the size of mature eggs in other 

Ambassis species (600-700Am (Nair, 1957 and Eng, 1969, in Leis and Trnski, 

1989); 600gm (Venkataramanujam, 1975); 500-560µm (Semple, 1985); 300gm 
(Bishop, unpubl. data, in Allen and Burgess, 1990); 220p.m (Coates, 1990). 

The large egg size suggests that A. vachelli may be a K-strategist, producing 

relatively few, large eggs (Kamler, 1992), as compared to other species of 

Ambassis (eg. itinterrupta (Coates, 1990)). 

The role of yolk and oil stores within the egg is to support the growth and 

development of the embryo and non-feeding larvae prior to first feeding 

(Tocher and Sargent, 1984). In fish from the genus Ambassis, a range of times 

between fertilisation and first feeding exists; (72 hours (A. commersoni 
(Venkataramanujam, 1975)); 96 hours (A. agrammus (Semple, 1985)); 120-168 
hours (A. nigripinnis (Milton and Arthington, 1985))). At first feeding the 

reserves in the yolk sack have been totally utilised (Semple, 1985; Kamler, 
1992). As A. vachelli produces relatively large eggs it is expected that the 

period of endogenous feeding may be longer than recorded for other Ambassis 
species. Size at hatching of A.vachelli was estimated at 2.8mm SL (Chapter 3), 

larger than the hatching size recorded for other Ambassis species; (0.9mm SL 

(A.commersoni (Venkataramanujam, 1975; Venkataramanujam and 

Ramamoorthi, 1981); 0.9-1.4mm (Leis and Trnski, 1989); 1.55mm SL (A. 
agrammus (Semple,1985); 2.0mm total length (Allen and Burgess, 1990); 

3.0mm SL (A.nigripinnis, Milton and Arthington, 1985)). The larger estimated 
size at hatching in A. vachelli supports the idea of a long embryonic period due 
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to a larger oocyte size. However, high temperatures in shallow tropical waters 

may increase metabolism (Netter, 1969; Kamler, 1992) resulting in exhaustion 

of yolk reserves over a relatively short period of time. Further research on the 

time between fertilisation and first feeding in A. vachelli is required. 

In contrast to oocytes, the spermatozoa produced in the testes of males do not 

contribute to the energy supply of the developing embryo or the non-feeding 

larvae (Kamler, 1992). As a result the levels of energy stores in the testes are 

lower than the ovaries, (eg. testes lipid content is 8-10% of the ovary lipid 

content). The low lipid level is required only to provide energy for the 

swimming spermatozoa. Protein content of the testes remains unchanged during 

maturation in A. vachelli. In contrast, a rise in protein content of the testes is 

common in many species (Tanasichuk and Mackay, 1989). The hydration 

recorded in the testes of A. vachelli may be due to the maturing spermatozoa 

requiring a medium while being stored in the epididymis, prior to spawning. 

An increasing water content with increasing testes size has been recorded for 

other species (Craig, 1977). Although the testes are generally smaller than the 

ovaries and are less energetic to produce, energy required by males during the 

reproductive season may be high due to reproductive behaviours (e.g. nest 

building, defence of territories) (Chellappa et al., 1989), leaving the male 

depleted at the end of the spawning season. It is suggested that depletion of 

body stores due to reproduction may be a major cause of mortality in 

reproductive male Gasterosteus aculeatus from annual populations (Chellappa 

et al. , 1989). In other species of Ambassis there is evidence of pairing and 

nesting (Semple, 1985). However, A.vachelli is always found schooling and is 

likely to spawn in schools. Although information on the reproductive behaviour 

of A. vachelli was not collected, it is expected that the behavioural costs to the 

males will be minimal. 

The low levels of carbohydrates recorded in both gonads may be a strategy for 

reproduction. Although carbohydrates are the immediate energy store (Stryer, 

1981), the energy value of carbohydrate is approximately 16.7kj.g -1  while the 
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energy value of lipid is approximately 37.71cj.g -1  (Lehninger, 1973). Therefore, 

for a similar amount of energy approximately twice the space would be 

required to store carbohydrate than lipid. This would increase egg size and 

may reduce fecundity. The preference of lipid to carbohydrate as an energy 

store in eggs is a general occurrence in many fish species (Kamler, 1992) 

Atretic follicles were present in all ovaries examined. The presence of atretic 

follicles suggests that the reabsorption of materials from the developing oocyte 

may occur at certain times (Hibiya, 1982). Atretic follicles have been recorded 

from other species but are usually limited to latter stage oocytes or a result of 

stress (N. Pankhurst, pers. comm.). In post-spawning Dicentrarchus labrax, 
atretic follicles account for approximately 4% of the total number of oocytes. 

However the remaining oocytes are almost all at stage 1 of development 

(Mayer et al., 1990). Nutritional and environmental factors may also contribute 

to atresia (Hibiya, 1982; N.Pankhurst, pers.comm.). Landesman et al. (1986), 

suggested that the presence of atretic follicles in the ovaries of maturing Coisa 
lalia was due to a lack of protein in the diet. However, Hay et al. (1988), 

recorded the presence of atretic follicles in all ovaries of Clupea harengus 
pallasi subjected to different feeding treatments, including fed fish. Although 

feeding did increase the rate of maturation in C. harengus pallasi, even starved 

fish produced mature oocytes and spawned.(Hay and Brett, 1988). 

The reason for the reabsorption of follicles may be twofold. Firstly, some 

oocytes may not be viable and if allowed to mature, would not be successfully 

fertilised (Kamler, 1992), resulting in an unnecessary loss of energy. Therefore 

the oocyte may be reabsorbed. Secondly, A. vachelli feeds throughout the 

reproductive period (pers. obs.) to sustain development. If food supply is 

limiting, especially protein (Landesman et al., 1986), the rate of production of 

oocytes may be reduced and oocyte quality may decline. Egg quality does not 

vary between fish from different feeding histories (Washburn et al. , 1990), 

suggesting there is a minimum egg quality required for successful fertilisation 

and growth of the non-feeding embryo and larvae. If energy derived from food 
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sources and body stores is not sufficient to supply all oocytes with the 

minimum amount of energy stores, then the fecundity of a female may be 
reduced to produce quality oocytes, (ie. oocytes able to be successfully 

fertilised and support the larvae to the feeding stage). Hay and Brett (1988, 
p404) concluded "that a mechanism to adjust the number of developing oocytes 

to available resources is essential" in teleosts. Although the exact mechanism is 
unclear it is likely to involve atresia (Hay and Brett, 1988). 

Evidence for regulating fecundity was collected for A. agrammus (Semple, 

1985). Semple (1985) found that larger female A.agrammus produced more 

eggs in a single spawning (200-250 eggs per batch for a 45mm SL female 
compared with 5-30 eggs per batch for a 25mm SL female) but could spawn 
over a wider time period (25-30mm SL female: one night; 40-50mm SL 
female: 4 nights). Larger fish generally have higher levels of energy stores 
than smaller fish as they have had more time to assimilate energy (Kamler, 

1992) and may have a higher fecundity. 

However, the largest A. vachelli did not necessarily have the largest, or most 
mature, ovary. This may be due to senescence processes as no individual was 
found to live beyond 370d (Chapter 3). Semple (1985), may have recorded the 
effects of senescence in female A. agrammus by observing that the largest 

females (50-55mm SL), spawned for one night and produced 50-100 eggs (as 

compared to a 40-45mm SL female which produced several batches of 200-250 
eggs over four nights). The reduction in fecundity in older and larger females 
has been recorded in other fish species (Nicholls, 1958, in Weatherly and Gill, 

1987; Nikolsky, 1969, in Semple, 1985; Kamler, 1992). The lack of oocytes 
beyond stage 3 in the ovary of the largest A. vachelli may be a result of 
senescence. However, further research is required. 

Although the current study provides insights in to the reproductive biology of 

A. vachelli, further information is required. The sample sizes used in the 
present study were relatively small due to the gonads being primarily required 
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for histology and biochemistry. Further study into the rate of oocyte 

development and fecundity are required. It is suggested that the examination of 

maturation and spawning would be best achieved by regular, short term 

sampling (hourly intervals), during the peak of the reproductive season. 

Information on behaviour, location of spawning sites, spawning triggers and 

optimal spawning conditions need further examination but are beyond the scope 
of the present study. 

In conclusion, the developing gonads of A. vachelli males and females follows a 

similar pattern to that described for other species. The lack of a distinct 

spawning period and the maturation of gonads in relatively small (and therefore 
young) fish suggest that A. vachelli is capable of spawning throughout the year, 
with a peak towards the end of the year during the tropical wet season. An 

individual may spawn several times. The chemical changes to the gonad from 

immature to mature tend to occur rapidly. Atretic follicles present at all stages 

of oocyte development may be a strategy for producing viable eggs under 

fluctuating feeding conditions. The lack of stage five oocytes in the ovaries 

from the largest females may be indicative of senescence, supporting the age 
data that suggests that A. vachelli lives a maximum of 370d. 
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Figure 7.1 
Relationship between gonad weight and wet weight of the fish in Ambassis 
vachelli. 

Females. 
Females (by gonad maturity stage). 
Males. 



6 5 4 0 	1 	2 	3 

5 

Female 
By Stage 
n = 64 

0 1 3 4 5 6 

0.20 	 

0.15 - 

0.10 - 

0.05 - 

4 3 0 	1 	2 

Body Weight (g) 

0.30 

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 

0.30 

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 G
on

ad
  W

ei
g
h

t 
(g

)  
0 

Female 
n = 90 

5 

5 

5
5 

c, 	5 
4 
122 

5 
5 

222  

44 
4 

54 
4 

.. 

5 
5 5  

4 	4
555 

4 1  

5 
5 

5 	5  
4 

5  
4 

324 

4 

2 

4 

3 

b 



225 

Figure 7.2 
Variations in GSI and the levels of ovarian constituents with increasing ovary 
size and maturity in Ambassis vachelli. 

Gonad Somatic . Index (GSI). 
Water content of the ovary. 
Protein content of the ovary. 
Lipid content of the ovary. 
Carbohydrate content of the ovary. 

Note that the lipid content is higher than the protein content in larger ovaries . 
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Figure 7.3 
Changes in the GSI and constituent levels in the testes of Ambassis vachelli 
with increasing testes size., 

Gonad Somatic Index (GSI). 
Water content of the testes. 
Protein content of the testes. 
Lipid content of the testes. 
Carbohydrate content of the testes. 

Note the low level of lipid in the larger testes. 
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Figure 7.4 
Photomicrograph of an ovary of Ambassis vachelli displaying oocytes at 
various stages of maturity. Note that several clutches of oocytes are visible. 

1 = stage 1 oocyte. 
2 = stage 2 oocyte. 
3 = stage 3 oocyte. 
4 = stage 4 oocyte. 
5 = stage 5 oocyte. 

Scale bar = 250p.m. 
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Figure 7.5 
Photomicrograph of a hydrated oocyte (stage 5) from the ovary of a 44.6mm 
SL Ambassis vachelli. The large size of stage 5 oocytes results in difficulties in 
sectioning. However, the collapsed appearance is characteristic of an oocyte of 
this stage. Scale bar = 50/4m. 

Figure 7.6 
Photomicrograph of post-ovulatory follicles from the ovary of a 44.6mm SL 
Ambassis vachelli. The membranes that surrounded the oocyte have collapsed. 
Recovery cells are visible at the margins of the follicles (arrowed). Scale bar 
= 50pm. 
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Figure 7.7 
Examples of atretic follicles at different stages of atresia in the ovary of a 
48.5mm SL Ambassis vachelli. Note that the atretic follicles (arrowed) stain 
lighter than maturing follicles of a similar size. The vacuolated appearance 
around the margin of atretic follicles is due to recovery phagocytic cells. a) 
Scale bar = 50/2m. b) Scale bar = 100iim. 
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Figure 7.8 
Size frequency distributions of oocyte diameter from the ovaries of three 
Ambassis vachelli. Note the presence of several modes suggesting that female 
A.vachelli are multiple spawners. The arrows indicate modal size classes of 
oocytes within a single ovary. 
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Figure 7.9 
Photomicrographs of testes from a 43.7mm SL male Ambassis vachelli. 

Whole testes. Note the lobate structure. Scale bar = 250pm. 
High-power photomicrograph of a section of testes containing 

spermatocytes (c), spermatogonia (g) and spermatozoa (z). Scale bar = 50/1m. 
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Chapter 8. 
General Discussion. 

Tropical Estuarine Fish and Growth: 
Implications for Other Species. 

Ambassis vachelli is an ideal fish to use in a growth study which deals with a 

large number of indices and parameters. A. vachelli is abundant in local 

estuaries, forming schools of several hundred fish and is easily collected by 

seine net. The species is robust to handling and can be sustained in the 

laboratory for extended periods of time without high mortality. As it has a 

maximum size of approximately 62mm SL, aquarium facilities do not need to 

be extensive and the whole fish can be analysed with biochemical techniques. 

A maximum life span of one year allows the analysis of age, size and 

ontogenetic effects to be adequately assessed at all life history stages. In 

addition, several species of the genus Ambassis are of commercial importance 

in India (Vijayakamanujan, 1981a) making a growth study of the Ambassis 
important for aquaculture and management . 

An individual fish should be considered as a physiological unit composed of 

many systems (eg. digestive, reproductive, muscular). All systems are 

interrelated and as a consequence, an alteration to one system may affect all 

other systems to varying degrees. Fish growth is of major importance not only 

biologically, but to fisheries, as growth rate will have major implications for 

catch size and management. However, many studies on fish growth have 

estimated relatively few parameters from a single system (eg. length and wet 

weight, Weatherly and Gill, 1983a; Weatherly and Gill, 1987 and Kamler, 

1992 for reviews) even though it has been recommended that multiple indices 

from several systems should be used (Black and Love, 1986). 

Fish growth may be negative or positive, especially the growth of individual 

organs and systems (Weatherly and Gill, 1987; Molony and Choat, 1990). For 

example, Talbot and Doyle (1992) recorded no change in weight for several 

fish within their starvation treatment, but did not calculate the water content of 
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fish. Weatherly and Gill (1987) have shown that the water content of tissues 

increases during starvation which may maintain the weight of the tissue or fish 

in the early stages of starvation. The implication here is that the effects of 

starvation on the growth and condition of experimental fish may have been 

more noticeable in the study of Talbot and Doyle (1992) had they calculated 

water content. 

As a result, an increasing number of studies use multiple techniques to estimate 

fish growth and condition. Suthers et al., (1992) utilised lipid, otolith and 

morphometric indices to examine the growth of juvenile Gadus morhua and 

found low correlations between indices. McCormick and Molony (in press) 

found similar results in an examination of condition in the goatfish, Upeneus 

tragula. In the present study low correlations between variables were also 

found. Low correlations between indices suggest that some of these indices 

may be limited in their ability to estimate growth and condition. Conversely, it 

may be that the interrelationships between different systems within a fish are 

more complex than expected. It is therefore obvious that the more systems that 

are monitored in a study, the better the degree of resolution of fish growth and 

condition. 

It appears that the most widespread of the condition indices, Fulton's K and 

derivatives (LeCren, 1951; Cone, 1989; Springer et al., 1990), are the least 

sensitive to changes in fish condition. At Site 3 (Chapter 4), all biochemical 

attributes and Fulton's K varied significantly through time. However, a 

posteriori tests could not identify where the differences were in the analyses of 

Fulton's K. Differences between sample times were identified in the levels of 

biochemical constituents using similar techniques (Tukey's (HSD) and SNK 

(Student-Newman-Keuls multiple range test)(SAS, 1989)). The widespread use 

of Fulton's K must be due in part to the ease of calculation. However, it is a 

relatively good indicator of long term alterations if size is partitioned out (eg. 

Theilacker, 1986)(see Chapters 5 and 6). Similar comments on the limited 

nature of K-values have been concluded in previous studies (Weatherly and 
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Gill, 1987). 

Surprisingly, the most sensitive of the indices, liver and viscera carbohydrate 

and lipid abundances, and liver vacuole abundance, are the least commonly 

applied of the techniques used in the present study. This may be due in part to 

the specialised equipment required to quantify lipid and carbohydrate content. 

However, carbohydrate content is generally not quantified in fish due to the 

assumed low abundance (Hay et al., 1988). In A.vachelli the abundance of 

carbohydrate in the liver and viscera may be up to 50 times that found in the 

carcass and can be higher in other species (Shur man, 1974). Liver vacuole 

abundance is a novel measure that estimates lipid abundance in the liver and 

may be easily applied to all species if histological techniques are available. 

However, the drawbacks of these range of indices is that they are sensitive to 

short term changes in body constitution and growth. Therefore, the 

identification of recovering fish and fish in the early stages of starvation may 

be confused. As a result, the application of other indices (eg. carcass lipid and 

protein) may be required to discriminate between recovering and starving fish. 

The application and usefulness of the indices used in the present study are 

summarised in Table 1. 

It was found that all indices varied with size throughout life in field populations 

of A. vachelli. However, the use of multiple indices allowed the division of 

A. vachelli into four life phases from early juvenile to large adult, based on 

biochemical (deposition or mobilisation of stores), histological (hypertrophic 

and/or hyperplastic growth of muscle fibres) and otolith characteristics (age, 

size and growth rate). The results were used in conjunction with the SL and 

wet weight data to build up a model of fish growth throughout the size range 

of the species. It was found that rapid increases in SL occurred in the early 

juvenile phase. At the end of the juvenile phase the recruitment of muscle 

fibres had ceased, imposing a maximum length on the fish. Based on 

biochemistry, early juvenile A. vachelli store little energy as most is partitioned 

into somatic growth. 
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In the late juvenile phase, body stores (lipids, carbohydrates and proteins) are 

deposited throughout the body, particularly about the viscera. Growth in SL is 

reduced but growth in wet weight increases as a result of increasing body 

stores. In the adult phase, energy stored about the viscera is mobilised and 

partitioned into gonad growth and development. Somatic growth in SL is 

further reduced but increases in wet weight are still rapid. Spawning may occur 

during the adult phase. Relatively few fish grow into the large adult phase 

where mature gonads are maintained and excess energy is partitioned into the 

visceral and liver stores. 

Previous studies have identified various stages of growth and life history but 

these are generally based on fish length, morphometrics and anatomical 

characteristics of the fish (van Utriecht, 1982; Kingsford and Milicich, 1987; 

Moksness et al., 1987; Thorrold and Williams, 1989; Schultz, 1990). 

However, evidence from the present study and previous studies (eg. 

McCormick, 1993) indicate that length may not always be indicative of age or 

stage of development. The use of a suite of techniques allows further definition 

of the differences in growth throughout life, resulting in a far better 

understanding of fish growth. 

Monitoring biochemical constituents of three populations of A. vachelli suggests 

that the juveniles are susceptible to changes in temperature and salinity and an 

annual cycle in the condition of recruits may be evident. Adult A. vachelli 
appear to be tolerant to a wide range of salinities and temperatures. However, 

the correlation data indicates that only weak relationships exist be tween the 

biochemical and physical variables and therefore other factors (such as food 

availability) exist. For example, temporal variations in liver and viscera energy 

stores may be due to energy partitioning into reproduction. 

Temporal studies suggest that recruitment of A. vachelli occurs between 

November and February, as identified by the conventional technique of modal 

progression via examination of length-frequency data. The three populations 
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examined in the present study were different in the size and age of individuals. 

The results from Site 1 (Pallarenda) suggest that shallow coastal waters are 

dominated by relatively large adults for most of the year. Transient adult 

populations have previously been recorded for A. interrupta from New Guinea 

(Coates, 1990) and may be a consequence of the low availability of refuges in 

tropical coastal waters (Blaber, 1980), favouring the survival of larger fish. 

Site 2, (mangrove lined tributaries Of Ross River), consisted of a permanent 

population. Recruitment into Site 2 occurred between November and February 

and the growth of the Ross River population could be monitored between 

sampling times. It appears that the fish remain in the tributaries throughout the 

year but leave to spawn since no ripe or large adults were recorded. Molony 

(1988) applied Von Bertalanffy equations to the population and produced 

parameters that overestimated the age of the fish by a factor of two, 

subsequently underestimating the growth rate by a similar factor. Erroneous 

estimates of growth parameters suggests that conventional growth models may 

have a limited application to short-lived fish, (and squid, Jackson, 1991), 

species. 

The data from Pallarenda and Ross River indicate the existence of an extended 

spawning period for A.vachelli between November and February, 

characteristically the onset and peak of the wet season, when reduced salinity 

and falling temperatures may act as triggers for maturation and subsequent 

spawning. The Breakwater (Site 3) was identified as a nursery area for early 

juvenile A. vachelli, with fish less than 60 days old present throughout the year. 

However, peak abundances were observed between November and April. Data 

from the Breakwater suggests that although a spawning period of several 

months does exist, A. vachelli spawns throughout the year. An extended period 

of spawning has been recorded for other Ambassis species (Allen and Burgess, 

1990) and the ability to spawn throughout the year was implied by the GSI data 

from Milton and Arthington (1985) and Coates (1990). 

Feeding experiments conclude that early juvenile A. vachelli are able to recover 
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both condition and size after an extended period of starvation. However, when 

a similar experiment was conducted on adult A. vachelli, complete recovery did 
not occur. Surprisingly, the proportion of stores mobilised from the carcass, 

especially carcass protein, was similar between the early juveniles and adults. 

The differences in recovery between adults and early juveniles appeared to be 

due to differences in energy partitioning. Farly juveniles partition all energy 

into somatic growth (SL and wet weight) and on feeding recover quickly. 

However, adults direct energy to reproduction, so that on feeding, energy is 

directed to gonad development not to the recovery of the soma. As a result 

complete somatic recovery is not possible. This underlines the importance of 

reproduction to a species that generally lives for less than a year and may only 

have one chance of reproducing. 

Flexible somatic growth of larvae and juveniles has been suggested for other 

species. McCormick and Molony (1992) recorded recovery in juvenile Upeneus 
tragula starved for three days. The different feeding regimes utilised in 

McCormick and Molony (1992) induced different growth rates in U. tragula, 
however all regimes produced competent fish that could settle and 

metamorphose into juveniles within the adult habitat. 

Adult fish may also display flexible somatic growth. Russell and Wootton 

(1992) found that after a period of starvation or food restriction, adult minnow, 

Phoxinus phoxinus, could increase food consumption and growth rate to 

resemble control individuals that were constantly fed. After three weeks, food 

consumption and growth rates were reduced to levels similar to control fish. 

Russell and Wootton (1992) concluded that adult P.phoxinus can regulate 

appetite in relation to previous feeding history. It must be noted that the fish 

were held under conditions that would not induce the development of gonads 
(Russell and Wootton, 1992). 

The energy required for maturing gonads differs between the sexes, with 

females producing a larger gonad with a higher lipid content. The difference is 
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related to the function of the gametes. Male spermatozoa need only enough 

energy to reach and fertilise the oocyte. However, the female needs to supply 

enough energy for the growth and survival of the embryo and non-feeding 
larvae. In other Ambassis species the time between fertilisation and first 

feeding can be up to 72-168 hours (A.nigripinnis (Milton and Arthington, 

1985)), so that energy stores within the egg must be extensive. 

Comparison with other species within the genus Ambassis is limited. Prior 

studies involve the examination of reproduction (Milton and Arthington, 1985; 

Semple, 1985), life history (Venkatatamanujam, 1975; Venkatatamanujam and 

Ramamoorthi, 1981) and growth (Milton and Arthington, 1985; Molony, 1988; 

Molony and Choat, 1990) in various species but the techniques used in the 

above studies do not encompass all techniques used in the present study. The 

only previous biochemical study was by Vijayakamanujan (1981a) who divided 

A.gymnocephalus into four classes based on size and maturity. From the 
limited data supplied it appears that the production of gonads and gametes 

required a large investment of body stores (26% by weight). Recovery after 

spawning was not reported. 

Previous studies suggest that food availability may be the most important factor 

limiting fish growth (Ehrlich, 1974; Fortier and Gagne, 1990; Beyer, 1989; 

Zhang and Runham, 1992a). Other exogenous factors may be avoided or 

tolerated (eg. temperature and salinity) (Martin, 1988) but limited food 

availability has repercussions on all fish. Given this constraint it is possible that 

fish may have mechanisms to reduce the effects of limited food supply and 

starvation. These mechanisms may involve large energy stores in the liver and 

viscera that are readily mobilised, and the initial depletion of some systems to 

spare others (Theilacker, 1978; Weatherly and Gill, 1981a). In A.vachelli, liver 

and viscera stores (lipid and carbohydrate) are mobilised first with carcass 

protein mobilised last of all. Carcass protein sparing may be a strategy to 

maintain muscular integrity and thus be able to pursue food or escape predators 

even after periods of starvation. Yin and Blaxter (1987) found that burst speeds 
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were maintained in larval flatfish up to the "point-of-no-return", suggesting the 

conservation of muscle integrity. 

Although other species may have similar mechanisms for reducing the effects 

of starvation, the time frame may be different to A. vachelli. Many previous 

studies deal with long lived species (eg. Gadus morhua) where the time frame 

for starvation (40 weeks) (Black and Love, 1986) was similar to the life 

expectancy of A. vachelli. Other studies suggest that the intestinal system is the 

first to be affected by starvation (Theilacker, 1978). In A. vachelli the intestinal 

system may be preserved to allow the mobilisation of a residual fat store to be 

partitioned into gonad maturation and production. This may be a strategy of a 

short lived species where reproduction only occurs once as opposed to longer 

lived species where females may not spawn each year (Weatherly and Gill, 

1987), and a reproductive season can be missed without severely affecting life-

long reproductive output. 

Although not recorded for tropical estuarine fish, periods of starvation are a 

natural occurrence for many oceanic species (see Love, 1970, 1980; Weatherly 

and Gill, 1987 for reviews). However, Robertson and Duke (1987) and 

Jackson (1991) monitored a preferred food source (Acetes sibogae australis) 
for local A. vachelli and found large scale variations in abundance. The results 

of the studies by Robertson and Duke (1987) and Jackson (1991) suggest that 

food may be limiting during the year and short periods of starvation (ie. days 

to weeks, as interpreted from the field data from chapters 5 and 6) may be 

encountered. Although these periods are minor compared to other studies (eg. 

Tarr, 1958; Creelman and Tomlinson, 1959; Brett et al., 1969; Black and 

Love, 1986) the effects on a short lived species, such as A.vachelli, may be 

substantial. 

The effects of variable food availability are further complicated by the rapidly 

changing temperature and salinity regimes of tropical estuarine and shallow 

coastal environments. A rapid change away from the species optima will result 
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in a higher energetic cost (Weatherly and Gill, 1987). The high energetic cost 

is accentuated by the effects of temperature on metabolism (ie. a two to 

fourfold increase in reaction rates with a 10°C increase in temperature (Netter, 

1969)) which will increase metabolic costs in the warmer months (October-

March). However, Buckley (1982) suggested that temperature effects are 

secondary to the effects of variable feeding regimes. As a result, a small 

reduction in food availability during the hot-wet season may result in reduced 

or negative somatic growth of A. vachelli, as suggested by the data from the 

field population sampled in Chapters 5 and 6 where there appeared to be short 

term fluctuations in the growth parameters (especially in Chapter 6, Trial B). 

(It should be noted that field data from chapters 5 and 6 provides only 

inferential evidence and not conclusive proof). The results suggest that short 

term periods of food limitation or starvation may occur under field conditions 

and that the effects of starvation may be exaggerated when the environment 

becomes unstable (via rain), temperature increases, and the partitioning of 

energy to the gonads occurs. Combined, these three factors reduce the somatic 

growth rate, which can be detected in several of the indices measured in the 
present study, particularly the otoliths. 

Otolith microstructure in A. vachelli was sensitive to alterations in somatic 

growth rate. After an initial phase of increasing growth rate as recorded by 

increasing increment widths (Kingsford and Milicich, 1987; Molony and 

Choat, 1990; Gallaher and Kingsford, 1992; McCormick, in press), older 

A. vachelli deposited narrower increments. Narrower increments with increasing 

age have been recorded for other species (Lough et al., 1982; Campana, 

1984a,b; Campana and Neilson, 1985; Gutierrez and Morales-Nin, 1986; 

Barkman and Bengston, 1987; Morales-Nin and Ralston, 1990; Hovenkamp 

and Witte, 1991) and may reflect the somatic growth history of each species. 

Many authors conclude that under conditions of reduced somatic growth rate 

(eg. starvation), otolith growth may uncouple from somatic growth (Campana 

and Neilson, 1985; Mosegaard et al., 1988; Reznick et al., 1989; Wright et 
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al., 1990; Milicich and Choat, 1991; Secor and Dean, 1992). Uncoupling 

suggests that the relationship between otolith growth and somatic growth is not 

simple and the use of otolith microstructure as a record of somatic growth 

history must be validated for each species over a range of ages and conditions. 

In the present study a change in feeding levels resulted in a change in width of 

subsequent otolith increments after a lag period. The lag period varied between 

fish of different sizes, being approximately 3-5 days in juvenile A. vachelli and 

approximately 5-10 days in adult A.vachelli. The lag period may be due to the 

maintenance of somatic and otolith growth via the mobilisation of body stores. 

Once the primary stores (ie. carbohydrates) are exhausted and other stores are 

mobilised the growth rate of the individual may slow, resulting in the reduction 

of otolith increment widths. The difference in the lag period between fish of 

different ages and sizes is due to the lower levels of energy stores in smaller 

fish. 

Otolith microstructure may be useful in differentiating between starving and 

recovering A. vachelli. From Chapters 5 and 6, starvation results in the 

deposition of narrower otolith increments, with increases in increment width 

recorded on feeding. Similar results have been recorded in other studies 

(Taubert and Coble, 1977; Neilson and Geen, 1982, 1985; Volk et al., 1984; 

Maillet and Checkley Jnr., 1990; Tzeng and Yu, 1992). However, the present 

study indicates an "overshoot" in increment width during early recovery, 

similar to the time period of overshoot in liver carbohydrate and lipid stores. 

Although "overshoots" have been recorded for biochemical levels during 

recovery feeding (Creac'h, 1972 in Love, 1980; Ince and Thorpe, 1976; 

Christiansen and Klungsoyr, 1987), no records exist in regard to overshoots in 

otolith increment widths. The lack of information for coincident overshoots in 

increment widths and biochemical levels on feeding may be the result of few 

studies examining both otolith microstructure and biochemistry at the same 

time on the same fish. In adult A. vachelli, the overshoot and then reduction to 

normal' levels of liver carbohydrate and lipid content was matched by the 

width of otolith increments. A similar result is present in the early juvenile 
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experiment (Chapter 5), however, the overshoot in increment widths was 

masked by the ontogenetic reduction of increment widths expected for the 

juvenile phase of life (Chapter 3). Further research into the links between 

processes within a fish should be examined. 

In a detailed study of fish growth it appears that the more variables and indices 

used the greater the resolution of the processes of growth. This study concludes 

that growth is variable throughout the life of A. vachelli, not only 

ontogenetically but also temporally. Reproduction appears to be the overall 

driving force for growth in A. vachelli as even during periods of starvation, 

energy was partitioned to gonad maturation. Although the condition of recruits 

varied throughout the year, laboratory studies suggest that complete recovery 

of starved recruits is possible, given favourable field conditions. 

Although the techniques used were labour intensive, a high degree of resolution 

of fish growth resulted and this justified the use of all indices. Further 

resolution is possible, especially in the quantification of lipid classes throughout 

the body in regard to both somatic and gonad growth. This can be achieved by 

using thin layer chromatography, flame ionisation detection or a combination of 

both (eg. Iatrascan (Suthers et al., 1992)). The results of this study describe 

the growth of a small estuarine species in detail and may be used as a guide to 

growth studies in other species. 
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Table 1. Comparison and usefulness of each of the indices used in the present study. The 
indices were divided into two groups on the basis of the time frame over which each technique 
is useful for identifying a change in growth rate. The reference indicates a recent source or 
review paper dealing with similar techniques. Techniques without a reference have been used 
for the first time in this study.(Note: 1.Sagittal increments provide a permanent record of 
growth and are useful as an index for both short and long terms changes; 2.Only relative time 
frames are provided as absolute time will depend on the longevity of the target species). 

a). Short-term indices (days). 
INDEX DERIVATION COMMENTS 
LSI LSI=Liver Weight More sensitive than Fulton's K but requires 

accurate dissection and weighing of the liver. 
More useful on larger fish. 

Wet Weight 

(Love, 1970) 
Sagittal 
Increment 
Widths. 

Measurement 

(Volk et al., 1984; 
Campana and Neilson, 
1985) 

Most useful of all techniques. Accuracy is 
limited by the accuracy of measuring 
increments. However, even with a modest 
system, accuracy to 0.1Am is obtainable. As 
the sagitta is not reabsorbed the increments 
provide a permanent record. However, time 
lags must be estimated. Most accurate if 
otolith sectioned and a standard transect is 
measured. Very sensitive to changes. 
Accurate age data was obtained by counting 
sagittal increments. This allowed the 
estimation of age of individual fish. 

Liver 
Vacuole 
Abundance 

Weiber Graticule 
(Histology) 

(Wild, 1970) 

Due to liver function, the abundance of 
vacuoles changes within days. Therefore this 
method is very sensitive to short-term 
changes. However, may be confounded when 
comparing recovering fish to fish in early 
stages of stress (eg. starvation). Very rapid 
and can repeat easily on same section to 
provide variance estimates. 

Viscera 
Biochemistry 

Biochemically 

(Brett et al, 1969; Holland 
and Hannant, 1973) 

Good indicator of short and intermediate term 
starvation. Lipid and carbohydrate 
mobilisation and deposition is very rapid. 
More sensitive if visceral fat bodies support 
gonad development as partitioning of energy 
between maintenance and gonad production 
must occur. Protein analyses does not appear 
to vary in a predictable way. Water content is 
useful especially if large fat bodies are 
present. 

Liver 
Biochemistry 

Biochemically 

(Brett et al, 1969 ; Holland 
and Hannant, 1973) 

Very sensitive to short term stress. Lipid and 
carbohydrate depletion and restoration is very 
rapid. However, as liver size and weight 
varies the results of the lipid may be 
confounded. Liver colour may be a useful 
indicator of condition. Protein content does 
not appear to vary in a predictable way. 
Water content may be useful especially in 
short term stages of stress. 
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Table 1. 	a). Short term indices. Continued. 
INDEX DERIVATION COMMENTS 
Gonad 
Biochemistry 

Biochemically 

(Brett et al, 1969; Holland 
and Hannant, 1973) 

Will suggest the stage of development of the 
gonad. May not be of use in assessing fish 
condition as the energy deposited in the gonad 
does not appear to be mobilised back into the 
body. 

Gonad Histology Histology 

(West, 1990) 

Qualitative assessment of gonad stage. 

b). Long-term indices (weeks to months). 
INDEX DERIVATION COMMENTS 
Fulton's K 

K=W/L3  

(Springer et al., 1990) 

Very conservative. Requires a large change in 
weight. May be useful to identify periods of 
recruitment as small fish generally have a 
lower K-value. 

GSI GSI=Gonad Weight Estimates the ripeness of the gonad. However, 
the size of the fish is important in determining 
the relative weight of the gonad, as is the 
species specific gonad weight. 

Wet Weight 

(Coates, 1988) 
SSI SSI=Sagitta Weight Most sensitive of the weight based indices as 

no negative growth of the sagitta has been 
recorded. The advantage is that the whole 
otolith is easily dissected. However, the 
accuracy of weighing the otolith increases 
with increasing otolith weight. May be limited 
to species in which the otoliths are relatively 
large. May indicate periods of recruitment as 
small fish will have relatively larger otoliths. 

Wet Weight 

Sagitta Length Measurement 

(Boehlert, 1985; Ferrell, 
1988) 

May provide a rapid estimate of fish age if 
calibrated. Most accurate if the otolith is 
sectioned and a standard measurement is 
taken. No size constraint but relative otolith 
size varies with fish size. 

Sagitta Weight Weighing 

(Boehlert, 1985; Ferrell, 
1988) 

Accuracy is limited to the precision of the 
balance and the size of the otolith. Age may 
be determined if calibrated. Useful if applied 
as SSI. 

Distribution of 
Muscle Fibre 
Diameters 

Measurement 
(Histology) 

(Weatherly and Gill, 1987) 

Useful to determine long-term changes in fish 
growth. Both recovery and stress can be 
monitored, however, knowledge of the effects 
of size must be determined to interpret 
results. May indicate fish that have been 
under stressful conditions for long periods. 

Carcass 
Biochemistry 

Biochemically 

(Brett et al, 1969; Holland 
and Hannant, 1973) 

Good indicator of long-term stress. Lipid and 
carbohydrate stores are mobilised in 
intermediate starvation. Protein mobilisation 
may indicate long term stress. Water content 
is conservative due to the relative size of the 
carcass compared to total fish size. 



246 

Appendix 1. 

Effects of Prolonged Starvation on Adult 
Ambassis Vachelli (Richardson). 

Summary. 
Adult Ambassis vachelli were starved for 66d in order to estimate the minimum levels of body 

stores. After 66d, 85% mortality was recorded in the treatment fish. It appears that many 

variables are flexible to long term starvation, however SL, sagitta length and sagitta weight 

remained stable. The carcass and viscera were the sites most affected by starvation. The liver 

results may appear confounded due to the flexibility of liver size. It appears that the otoliths 

and otolith microstructure are sensitive to changes caused by starvation, and the permanency 

of the otoliths indicates a useful tool in the examination of fish history. As conservative 

changes in the condition of the ovaries were recorded, it appears that gonad development is 

sustained at the expense of somatic condition in this annual species. 

Introduction. 
It is accepted that many fish species are exposed to a phase of starvation during 
life (Weatherly and Gill, 1987). Starvation may be a result of a migration or 
when food supply becomes limited. The effects of starvation on body 

constitution has been examined in a wide variety of species (see reviews by 
Love, 1970, 1980, and Weatherly and Gill, 1987), up to a starvation period of 
four years (Anguilla spp., Gas, 1972 in Love, 1980). However, much of the 
work has focused on species that have a longevity of several years. Although 
the effects of starvation may be similar, the time period to mortality is 
expected to be shorter for annual species. 

As an extension to the starvation experiments on adult A. vachelli the maximum 
duration of starvation was estimated. As A. vachelli is an annual species it was 
expected that individuals of this species could not survive extended periods 

without feeding. The aim was to provide estimates of minimum levels of body 
constituents to aid interpretation of the results of the experiment in Chapter 6. 

Materials and Methods. 

Extra fish acclimated for Trial B, Chapter 6, were used in this study. Ten fish 
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were assigned to each of two 641 treatment aquaria fitted with a flow through 
water and air supply. Fish were starved for 66d. At the end of the experiment 
only 3 fish survived and were analysed as per chapter 2. One way ANOVAs 
were applied to the data to identify differences. 

Results. 
After 66d of starvation there was no change in SL (Figure A.1a, Table A.1). 
However, the wet weight of fish starved for 66d was significantly lower than 
the fish weight at the start of the experiment. 

Of the four somatic indices utilised, Fulton's K, LSI and SSI all varied 
significantly between acclimation and starved fish, suggesting that starved fish 
were in poorer condition than the acclimation fish (Figure A. lb, Table A.1). 
However, the GSI did not significantly vary between the acclimation fish and 
the starved fish. The non-significance may be due to the low sample size (4 
ovaries) as the data suggest that the acclimation fish may have had larger 
gonads. 

Sagitta length and weight did not vary significantly between the acclimation 
fish and fish starved for 66d (Figure A. 1c, Table A.1). The data suggest that 
the otoliths of starved fish were larger and heavier indicating that otolith 
growth may still be occurring. Otolith growth suggests that the reabsorption of 
the otolith does not occur even after prolonged periods of starvation. 

The increment widths reduced throughout the experiment from a mean width of 
2.01Am at the start of the experiment to 1.47Am at day 66 (Figure A.3c). 
Although the increment widths reduced rapidly during the acclimation period 
and at the onset of starvation the widths tended to fluctuate between a mean of 
1.50-1.70Am during starvation. This may be a minimum width for this species. 

With the exception of the viscera carbohydrate level, all constituent levels were 
significantly different in the carcass and viscera of starved fish than in 
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acclimation fish (Figure A.2, Table A.1). The water contents were higher 
while body energy stores (protein, lipid and carbohydrate) were lower. The 
levels of carcass protein and lipid (27.8 and 13.9mg.g' respectively) are lower 
than any recorded from the experimental fish (Chapter 6) and may be an 

estimate of the minimum level for A. vachelli. 

The reduction in carcass protein during starvation resulted in a shift in muscle 

fibre diameter distribution (Figure A.3b). The results suggest that the mode is 
less than 40Am and that few large fibres remain. 

The liver displayed significant differences in water and carbohydrate content 
between the acclimation and starved fish (Figure A.2c, Table A.1). However, 
lipid and protein contents did not vary significantly. This is in contrast to the 
significant difference in liver vacuole abundance (Figure A.3a, Table A.1). The 
non-significant result may be due to small sample sizes but may reflect the 
smaller size of the liver. Therefore, the total lipid reserves of the liver are 
expected to be lower. 

The ovaries appeared the least affected by starvation. Protein and carbohydrate 
contents were lower in the ovaries of starved fish but changes in water and 
lipid contents were not significant (Figure A.2d, Table A.1). This may be a 
result of the small number of ovaries examined. 

Discussion. 
After 66d of starvation 85% mortality was recorded. Three fish died during the 
first 7d of the pilot study and the mortality was probably due to handling 
stress. However, the remaining mortalities are likely to be due to starvation. 

Starvation appeared to affect the carcass and viscera more than the liver, while 
the ovaries appeared to remain in a similar condition to ovaries analysed prior 
to the start of the experiment. Maintenance of the ovaries suggests that 
A. vachelli preserves gonad condition at the expense of somatic condition, 
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suggesting a life history decision. This may be a result of the short life span 

for A. vachelli with emphasis on reproduction. 

The results indicate that growth ceases in terms of SL while negative growth in 
wet weight occurs, affecting the somatic index values. Of the four somatic 
indices used in the present pilot study, LSI and SSI were more sensitive to 
changes caused by starvation than Fulton's K. This suggests that although the 

collection of data to calculate Fulton's K is rapid, sensitive changes may be 
detected by isolating the liver and sagitta otoliths. The SSI may be more 
accurate and therefore more sensitive than LSI as the otoliths are easily 
dissected whole, thereby reducing errors caused by incomplete dissection. 

The results from the otolith data of the present study support previous evidence 
on the stability of the otoliths. At present, there is little (Thresher, 1988) or no 
evidence to suggest that the otoliths may be reabsorbed during starvation 
(Simkiss in Bagenal, 1974). The stability of the otoliths is supported by the 
results of the present study where no evidence of reduction in length or weight 
was recorded in the sagitta otoliths of A. vachelli during 66d of starvation. The 
results suggest that the otoliths continued to grow throughout starvation. 
Continued otolith growth, supports the use of otolith microstructure in assessing 
fish growth and condition during periods of starvation. 

The liver lipid content appeared to remain unaffected by prolonged starvation. 
From the results of chapter 6, it appears that the liver lipid is one of the first 
stores mobilised durong starvation. However, as the size of the liver has been 
reduced by 66% the total lipid stores have been depleted in the liver. 
Mobilisation of the lipid reserves is further supported by the liver vacuole data 
where nearly 80% of the vacuole (and therefore lipid) (Hibiya, 1984) 
abundance has been reduced during starvation. 

In conclusion it appears that many of the condition indicators are sensitive to 
prolonged starvation. However, changes in organ weight and fish weight may 
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confound results. The otoliths are useful as a permanent record of fish growth 
for at least 66d of starvation as otolith increments were continually deposited. 
A. vachelli appears to preserve the integrity of the ovaries during starvation, at 
the expense of the rest of the body, which may be a reproductive strategy of a 
short lived species. 
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TABLE A.1. Summaries of the ANOVA results comparing the levels of body constitutes of 
fish after acclimation and after 66d of starvation. (DF = degrees of freedom; MS = mean 
sum of squares; F = F-ratio. n.s. = not significant; * = significant at a=0.05; ** = 
significant at a=0.01; *** = significant at a=0.0001). 

Variable 	Source DF MS 

SL 	Time 1 0.17 0.008 
Error 10 19.80 n.s. 

Wet Weight 	Time 1 4.94 7.49 
Error 10 0.66 

Condition Factor Time 1 5.16 244.13 
(K) 	Error 10 0.02 *** 

LSI 	Time 1 0.92 28.88 
Error 9 0.03 *** 

GSI 	Time 1 15.57 5.53 
Error 5 2.82 n.s. 

SSI 	Time 1 0.047 47.00 
Error 10 0.001 *** 

Sagitta Length 	Time 1 0.007 0.18 
Error 10 0.039 n.s. 

Sagitta Weight 	Time 1 0.0000006 0.38 
Error 10 0.0000016 n.s. 

Carcass 
Water Content 	Time 1 1510.51 48.48 

Error 5 31.16 *** 

Protein Content Time 1 1371.08 16.17 
Error 5 84.77 

Lipid Content 	Time 1 352.66 9.12 
Error 5 38.67 

Carbohydrate 	Time 1 7.94 24.81 
Content 	Error 5 0.32 ** 

Viscera 
Water Content 	Time 1 9801.42 19.32 

Error 5 507.39 ** 

Protein Content Time 1 900.38 9.07 
Error 5 99.23 

Lipid Content 	Time 1 9219.84 7.50 
Error 5 1228.55 

Carbohydrate 	Time 1 17.34 4.94 
Content 	Error 5 3.51 n.s. 



252 

Table A.1. Concluded. 

Variable Source DF MS 

Liver 
Water Content Time 1 48600.00 20.00 

Error 5 2429.54 ** 

Protein Content Time 1 457.60 1.54 
Error 5 621.86 n.s. 

Lipid Content Time 308.17 0.39 
Error 799.32 n.s. 

Carbohydrate Time 1 1218.88 6.83 
Content Error 5 187.63 

Liver Vacuole Time 1 2111.51 5.66 
Abundance Error 8 372.82 

Ovaries 
Water Content Time 1 309129.34 2.42 

Error 3 137640.81 n.s. 

Protein Content Time 1 2147.41 16.51 
Error 3 130.07 * 

Lipid Content Time 1 484.00 6.35 
Error 3 76.20 n.s. 

Carbohydrate Time 1 118.81 77.32 
Content Error 3 1.54 * * 
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Figure A.1 
Morphometric and weight characteristics of adult Ambassis vachelli from post-
acclimated individuals and individuals starved for 66d. 

Standard length (SL) and wet weight changes. 
Differences in somatic indices. 

c).. Differences in sagitta characteristics. 
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Figure A.2 
Variations in body constitution in adult Ambassis vachelli from post acclimated 
individuals and individuals starved for 66d. 

Carcass constituents. 
Viscera constituents. 
Liver constituents. 
Ovary constituents. 
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Figure A.3 
Differences in the microstructure of liver, muscle and otoliths of adult 
Ambassis vachelli after 66d of starvation. 

Lipid vacuole abundance of the liver. 
Distribution of muscle fibre diameters in the Musculus carinatus 

dorsalis muscle. 
Width of daily otolith increments from the sagitta. Five day means 

have been calculated. 
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Appendix 2. 

The formula for Formaldehyde-Acetic Acid-Calcium Chloride (F.A.A.C.) fixative. 
(L. Windsor, unpublished). 

Formaldehyde (40%) 	  100m1 
Acetic Acid (glacial) 	  50m1 
Calcium Chloride (anhydrous) 	 lOg 

OR 	Calcium Chloride (dihydrate) 	 13g 
Water (tap) 	  850m1 

pH 1.9-2.0. 

Appendix 3. 

Processing schedules for paraffin wax embedding of the three tissue types, muscle, liver and 
gonad. 

STAGE SOLUTION MUSCLE LIVER and. GONAD 

1 70% Ethanol Until 
Processing 

Until 
Processing 

2 90% Ethanol 90' 60' 

3 Propan-2-ol and 
5% w/v Phenol. (1) 

90' 60' 

4 Propan-2-ol and 
5% w/v Phenol. (2) 

90' 60' 

5 Chloroform (1) 60' 30' 

6 Chloroform (2) 60' 30' 

7 Paramat (1) 90' 60' 

8 Paramat (2) 90' 60' 
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Appendix 4. 

Stages of Ovarian Development in Ambassis vachelli based on the classifications of Ntiba and 
Jaccarini (1990), and West, (1990). 

Stage Description 

Chromatin 
Nucleolar 

(Stage 1). 

Oocytes are small with a large nucleus. The nucleus contains a single 
nucleolus. No cytoplasmic vacuoles present. Cytoplasm stains densely. In 
A. vachelli the cytoplasm stains purple while the nucleus is clear, with the 
exception of the purple nucleolus. Oocyte diameter: 22Am. 

Perinuclear 
(Stage 2). 

Multiple nucleoli appear within the nucleus. The cytoplasm remains dense 
and the oocyte is still small. Oocytes may take on a rounded shape. No 
cytoplasmic vacuoles present. The cytoplasm in the ovaries of A. vachelli 
remains purple. The nucleus is still clear with the exception of the purple 
staining nucleoli. Oocyte diameter: 50Am. 

Yolk 
Vesicle 

Formation. 
(Stage 3). 

Appearance of yolk vesicles in the cytoplasm. Yolk vesicles first develop 
in peripheral rows. Cytoplasm volume increases and the nucleus is small in 
comparison. In A. vachelli, the cytoplasm in oocytes at this stage are now 
staining a blue colour. The nucleus is also staining a light blue. Oocyte 
diameter: 140Am. 

Vitellogenic 
(Stage 4). 

Yolk vesicles develop further and yolk proteins (granules) appear. Nucleus 
is still visible but may be partially obscured by vesicles. 	In A. vachelli, the 
nucleus stains red-pink and the vesicle filled cytoplasm stains a lighter 
colour. 	No blue stain is identifiable. Oocyte diameter: 290-330Am. 

Mature 
(Ripe) 

(Stage 5). 

The nucleus moves to the periphery of the oocyte and nuclear membrane 
starts to break down. The nucleus may no longer be visible. Yolk vesicles 
are now very large. The oocyte stains a pink colour. Oocyte diameter: 
700Am. 
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Appendix 5. 

The volume of solution used in the homogenisation of each tissue type. 

Gonad, Liver and Viscera. 

Dry Weight (g) 	 Volume of 100mM NaCl (ml) 

0.000 - 0.049 	 5.0 

0.050 - 0.099 	 10.0 

0.100 -> 	 20.0 

Whole Fish and Carcass. 

Dry Weight (g) 	 Volume of 100mM NaC1 (ml) 

0.000 - 0.049 
	

5.0 

0.050 - 0.099 
	

20.0 

0.100 - 0.349 
	

40.0 

0.350 - 0.700 
	

60.0 

0.701 - 0.999 
	

80.0 

1.000 - 1.249 	 100.0 

1.250 -> 	 120.0 
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Appendix 6. 

Details of each of the biochemical techniques utilised in the present study. 

5.1 Protein Analysis. 
Based on the method of Bradford (1975). 

A 0.1m1 aliquot of homogenate was placed into a 25m1 glass vial. To the homogenate was 
added 5.0m1 of Coomassie Brilliant Blue G-250 protein dye. The vial was mixed and allowed 
to stand for 3 minutes. The mixture was read in a spectrophotometer at 595nm within 15mins 
and the absorbency was recorded. Duplicate pairs were read for each homogenate and a mean 
was calculated. The absorbency of the mixture at 595nm was converted to micrograms of 
protein from a standard curve constructed using Bovine Serum Albumin (Sigma Chemical Co.) 
as the protein standard. Protein content was expressed as mg.g -1  of wet weight of the tissue. 

5.2 Lipid Analysis. 
Based on the techniques of Bligh and Dyer, (1957), Hansen and 011ey, (1963) and Mann and 
Gallager, (1985). 

A 0.5ml aliquot of homogenate was placed into a 15m1 glass test-tube. To the homogenate was 
added 3.0m1 of 2:1 v/v chloroform:methanol and the tube was sealed, mixed and allow to 
stand at 0-4°C for 15mins. The tubes were centrifuged at 800g for 10mins and the supernatant 
collected into clean test tubes. To the precipitate was added 3.0m1 of 1:2 v/v 
chloroform:methanol. The tubes were sealed, mixed and allowed to stand for 15mins at 0-4°C. 
The tubes were centrifuged at 800g for 10mins. The supernatant was collected and added to 
the previously collected supernatant. A 1.0m1 aliquot of 0.7% w/v of sodium chloride solution 
was added to the supernatant solution. The tube was sealed, shaken and allowed to stand for 
30mins at 0-4°C. After this time the tubes were centrifuged at 500g for 10mins, resulting in 
the solution separating in to three layers in the test tube. The top two layers (water and 
methanol respectively) were removed and discarded and a 1.0m1 aliquot of lipid dissolved in 
chloroform was removed and placed into a 25m1 glass vial. 

The vials were placed in a 60°C oven until the chloroform had dried off. Drying took 
approximately 2hrs. The vials were removed from the oven and 0.5m1 of concentrated 
sulphuric acid was added. The vials were placed into a 200°C oven for 30mins. After 30mins 
the vials were removed and plunged into an ice and water bath. While in the ice and water 
bath, 5.0m1 of distilled water was added. When cool the vials were removed from the ice and 
water bath and allowed to stand at room temperature for 15mins. The vials were mixed and the 
solution was read on a spectrophotometer at 375nm. The absorbency was measured and a mean 
was calculated on duplicate tubes and converted to micrograms of lipid from an equation 
derived from a standard curve. The standard curve was constructed using tripalmitin (Sigma 
Chemical Co.) as a standard. The content of lipid in the tissue was expressed as mg.g 1  of wet 
weight. 

5.3 Carbohydrate Determination. 
Based on the techniques of Mann and Gallager, (1985) and Holland and Hannant, (1971). 

A 1.0m1 aliquot of homogenate was added to a 15m1 test tube. To the homogenate was added 
1.0m1 of 0.6M Perchloric acid. The tubes were sealed and mixed for 5mins before being 
placed into a fridge at 0-4°C and allowed to stand overnight. 
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The next morning the tubes were centrifuged at 1000g for 10mins. The supernatant was 
collected into 25m1 vials and sealed. 1.0m1 of 0.4M perchloric acid was added to the 
precipitant and centrifuged at 1000g for 10mins. The supernatant was collected and added to 
the previously collected supernatant. The solution was mixed and a 1.0m1 aliquot was removed 
and placed into a clean 25m1 vial. 1.0m1 of distilled water and 1.0m1 of 5.0% w/v phenol 
solution was added. The vial was mixed and 5.0m1 of concentrated sulphuric acid was rapidly 
added (within lsec.) while under a fume hood. (The addition of the acid instigated a violent, 
exothermic reaction). The vials were allowed to stand at room temperature for 30mins before 
being read on a spectrophotometer at 490nm. The absorbency was recorded and converted to 
micrograms of carbohydrate utilising an equation derived from a standard curve constructed 
utilising D-glucose (Sigma Chemical Co.) as a standard. The carbohydrate content was 
calculated and expressed as mg.g-I  of wet tissue weight. 
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Appendix 7. 

Table 1 Summaries of the ANOVA results comparing the levels of body constitutes of fish 
between months from the three sites. (DF = degrees of freedom; MS = mean sum of 
squares). 
A. Site 1: Pallarenda. 

Variable 	Source DF 	MS 	Probability 

Condition Factor 	Date 	8 	0.258 	<0.0001 
(K) 	Error 	67 	0.037 

Carcass 
Water Content 	Date 	8 	11780.27 	0.1222 

Error 	67 	7056.16 

Protein Content Date 8 961.12 0.2595 
Error 67 740.20 

Lipid Content 	Date 8 2346.67 <0.0001 
Error 67 144.27 

Carbohydrate 	Date 8 11.29 <0.0001 
Content 	Error 67 2.18 

Viscera 
Water Content 	Date 8 59345.26 <0.0001 

Error 61 2436.70 

Protein Content Date 8 1619.60 0.0216 
Error 58 651.41 

Lipid Content 	Date 8 48610.30 <0.0001 
Error 57 2861.00 

Carbohydrate 	Date 8 54.71 <0.0001 
Content 	Error 58 5.03 

Liver 
Water Content 	Date 5 30951.38 <0.0001 

Error 57 2288.46 

Protein Content Date 5 11974.58 <0.0001 
Error 52 399.51 

Lipid Content 	Date 5 121545.35 <0.0001 
Error 49 5299.03 

Carbohydrate 	Date 5 7317.06 <0.0001 
Content 	Error 50 611.56 

LSI 	Date 4 0.27 0.0022 
Error 52 0.06 

GSI 	Date 4 6.77 0.0034 
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Error 	53 	1.51 

B. Site 2: Ross River. 

Variable 	Source DF 	MS 	Probability 

Condition Factor 	Date 
(K) 	Error 

Carcass 
Water Content 	Date 

Error 

Protein Content Date 
Error 

11 
66 

11 
61 

11 
54 

0.139 
0.033 

925.63 
290.97 

294.71 
246.62 

<0.0001 

0.0018 

0.3127 

Lipid Content 	Date 11 1936.66 <0.0001 
Error 54 121.03 

Carbohydrate 	Date 11 5.22 <0.0001 
Content 	Error 54 1.02 

Viscera 
Water Content 	Date 10 5195.59 0.0003 

Error 46 1209.90 

Protein Content Date 10 980.48 <0.0001 
Error 37 146.37 

Lipid Content 	Date 10 16981.91 <0.0001 
Error 37 3386.64 

Carbohydrate 	Date 10 37.98 0.0335 
Content 	Error 37 16.64 

Liver 
Water Content 	Date 10 15916.16 <0.0001 

Error 37 2613.36 

Protein Content Date 9 1557.47 0.0196 
Error 26 557.78 

Lipid Content 	Date 9 11572.51 <0.0001 
Error 26 1749.90 

Carbohydrate 	Date 9 13683.92 <0.0001 
Content 	Error 26 1279.07 

LSI 	Date 10 0.22 0.0305 
Error 35 0.09 



C. Site 3: Breakwater. 

Variable 	Source DF 

Condition Factor 	Date 	11 
(K) 	Error 	101 

MS 	Probability 

0.206 	0.0093 
0.084 

Water Content 	Date 11 3561.489 <0.0001 
Error 101 602.359 

Protein Content Date 11 22052.668 <0.0001 
Error 101 9827.932 

Lipid Content 	Date 11 30130.503 <0.0001 
Error 101 15111.792 

Carbohydrate 	Date 11 1386.583 <0.0001 
Content 	Error 101 596.098 
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Critical 

5.52 0.0452 2.07 

0.0268 1.75 

Treatment 
 5.50 

Aquaria 
 38.66 

(A)x(B) 45.81 

Residual 20273.25 

Total 20363.22 

2 2.75 0.0225 3.05 

7 

14 

166 

189 

122.13 

3.27 

Critical DF 

Treatment 
 61.71 2 30.86 0.258 3.07 

Aquaria 
 720.05 5 144.01 1.206 2.29 

(A)x(B) 528.05 10 52.81 0.442 1.91 

Residual 10745.79 90 119.40 

Total 12055.60 107 

Residual 452.67 319 1.42 

320 Total 455.37 

Critical 
F 

Trial (A) 2.70 2.70 1.90 5.10 1 
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Appendix 8. 

Table A.1. Analysis of Variance summary table testing for differences in SL within Trial A 
and B. (SS=sum of squares; DF= degrees of freedom; MS= mean square; F= F-ratio 
statistic; Critical F= F value from tables (Zar, 1984); ** significantly different with 
P<0.001). 

a). Trial A. 

b). Tnal B. 

Table A.2. One way analysis of variance summary testing for differences in SL between fish 
from Trial A and B. (Two-tailed test). 
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Table A.3. Summaries of the ANOVA results testing for differences between treatments in the 
throughout the experiment. The table is divided into; 

Results for days 0 to 9; 
Results for days 10 to 24. 

Key: 	SS = Type III sum of squares. 
df = degrees of freedom. 

MS = mean square. 
F = F-statistic. 

P > F = probability of obtaining a greater F-value. 
FED = The FED treatment. 

FS = The FS treatment. 
SF = The SF treatment. 

FIELD = The FIELD fish. 
Rest = Both other treatments (for comparison of 

treatment means). 
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A). Summaries for days 0-9. 
i). SL 

Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 23.26 	2 	11.679 2.90 	>0.05 

Within 
Treatments 257.77 	64 	4.028 

Total 	281.13 	66 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	3.65 	1 	3.65 1.62 	>0.20 

Within 
Treatments 	126.29 	56 2.26 

Total 	129.94 	57 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Among 
Treatments 	6.48 	2 	3.24 1.97 	>0.10 

Within 
Treatments 105.38 	83 	1.26 

Total 	111.86 	85 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	2.65 	1 	2.65 2.17 	>0.20 

Within 
Treatments 70.87 	58 	1.22 

Total 	73.52 	59 
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ii). Wet weight. 
a). Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 0.00482 2 0.00241 	10.16 <0.0005 

Within 
Treatments 0.01519 64 0.00024 

Total 0.02001 66 

Between 
FED-FS 0.00000 1,46 0.00724 >0.50 

Between 
SF-Rest 0.00482 2,64 20.30 <0.001 

b). Trial A - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 

Within 
Treatments 

Total 

0.00147 

0.00884 

0.01032 

.1 

56 

57 

0.00147 

0.00016 

9.33 <0.01 

c). Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Among 
Treatments 0.00174 2 0.00087 	12.87 <0.0005 

Within 
Treatments 0.00571 83 0.00007 

Total 0.00743 85 

Between 
FED-FS 0.00003 1,58 0.44004 >0.50 

Between 
SF-Rest 0.00171 2,84 25.12 <0.001 

d). Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P> F 

Between 
Treatments 

Within 
Treatments 

Total 

0.00037 

0.00293 

0.00330 

1 

57 

58 

0.00037 

0.00005 

7.15 <0.005 
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iii). Fulton's K. 
a). Trial A - Comparing Treatments. 

Source 

Among 

SS df MS 	F P>F 

Treatments 5.024 2 2.512 	14.31 <0.0005 
Within 
Treatments 11.234 64 0.176 

Total 16.268 66 

Between 
FED-FS 0.99 1,46 4.06 >0.25 

Between 
SF-Rest 4.85 2,64 27.63 <0.001 

b). Trial A - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 0.674 1 0.674 	5.39 <0.05 

Within 
Treatments 7.004 56 0.125 

Total 7.677 57 

c). Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Among 
Treatments 

Within 
Treatments 

Total 

3.340 

2.460 

5.810 

2 

82 

84 

1.670 

0.0295 

55.92 <0.0005 

Between 
FED-FS 	0.11 	1,57 	3.97 >0.50 

Between 
SF-Rest 	3.35 	2,82 	111.84 <0.001 

d). Trial B - FED versus, FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 

Within 
Treatments 

Total 

1.23 

2.60 

2.83 

1 

57 

58 

0.23 

0.0456 

5.14 <0.02 



269 

iv). Water content. 
a). Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	2240.25 	2 1120.13 3.74 <0.05 

Within 
Treatments 	10787.75 	36 299.66 

Total 	13028.00 	38 

Between 
FED-FS 	0.0066 	1,25 	0.0000 	>0.50 

Between 
SF-Rest 	2240.25 2,36 	7.47 <0.0025 

b). Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 

Within 
Treatments 

Total 

3389.85 

20139.89 

23529.74 

1 

42 

43 

3389.85 

479.52 

7.07 <0.05 

c). Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 11898.74 2 5949.37 	13.02 <0.0005 

Within 
Treatments 19205.90 42 457.28 

Total 31104.64 44 

Between 
FED-FS 88.07 1,57 0.19 >0.50 

Between 
SF-Rest 11810.68 2,82 25.83 <0.001 

d). Trial B - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 	576.00 	1 576.00 1.37 	>0.20 

Within 
Treatments 	16109.10 	43 376.03 

Total 	16685.10 	44 
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v). Protein content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 339.87 	2 	169.94 0.92 >0.50 

Within 
Treatments 7023.87 	38 	184.84 

Total 	7363.74 	40 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	3250.65 	1 3250.65 18.84 <0.001 

Within 
Treatments 	6401.11 	40 172.53 

Total 	10151.76 	41 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	8268.35 	2 	4134.17 52.99 <0.0005 

Within 
Treatments 	3726.67 	42 	78.02 

Total 	11545.02 	44 

Between 
FED-FS 	138.25 	1,28 	1.77 	>0.20 

Between 
SF-Rest 	8130.10 	2,42 	4.05 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P> F 

Between 
Treatments 	242.39 	1 	242.39 4.53 	>0.05 

Within 
Treatments 	2301.76 	43 	53.53 

Total 	2544.16 	44 
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vi). Lipid content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	4911.73 	2 2455.86 10.52 <0.0005 

Within 
Treatments 	8873.31 	38 233.51 

Total 	13785.04 	40 

Between 
FED-FS 	112.02 	1,27 	0.48 	>0.50 

Between 
SF-Rest 	4799.70 	2,38 	20.55 <0.0005 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	3.00 	1 	3.00 0.008 <0.05 

Within 
Treatments 	15549.97 	42 370.24 

Total 	15552.97 	43 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Among 
Treatments 	4528.92 	2 	2264.46 16.99 <0.0005 

Within 
Treatments 	5596.89 	42 133.26 

Total 	10125.81 	44 

Between 
FED-FS 	48.64 1,28 	0.37 >0.50 

Between 
SF-Rest 	4480.28 2,42 	33.62 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P> F 

Between 
Treatments 	4986.29 	1 4986.29 53.64 <0.001 

Within 
Treatments 	3997.13 	43 	92.96 

Total 	8983.42 	44 
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vii). Carbohydrate content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	418.20 	2 	209.10 19.93 <0.0005 

Within 
Treatments 	398.66 	38 	10.44 

Total 	816.86 	40 

Between 
FED-FS 	0.24 	1,27 	0.023 >0.50 

Between 
SF-Rest 	417.95 	2,38 	39.80 <0.0005 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	294.55 	1 294.55 50.48 <0.001 

Within 
Treatments 	245.09 	42 5.84 

Total 	539.64 	43 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Among 
Treatments 	1524.36 	2 	764.68 29.54 <0.0005 

Within 
Treatments 	1087.28 	42 	25.89 

Total 	2616.65 	44 

Between 
FED-FS 	9.08 	1,28 	0.35 	>0.50 

Between 
SF-Rest 	1520.29 	2,42 	58.73 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	732.74 	1 732.74 52.16 <0.001 

Within 
Treatments 	604.01 	43 	14.05 

Total 	1336.75 	44 
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viii). Otolith increment widths. 
Trial A - Comparing Treatments. 

Source 

Among 

SS df MS F P>F 

Treatments 73.64 2 36.82 19.48 <0.0005 
Within 
Treatments 466.22 250 1.89 

Total 539.86 252 

Between 
FED-FS 7.37 1,247 3.18 <0.05 

Between 
FS-SF 49.06 1,173 25.95 <0.0001 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	74.36 	2 	37.75 19.16 <0.0005 

Within 
Treatments 	495.48 	252 1.97 

Total 	564.84 	254 

Between 
FED-FS 	1.20 	1,204 	0.61 >0.05 

Between 
SF-Rest 	73.15 	2,252 	37.13 <0.001 
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B). Summaries for days 10-24. 
i). SL 

Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P > F 

Among 
Treatments 	31.07 	2 	15.53 8.13 	< 0.001 

Within 
Treatments 	89.71 	47 	1.91 

Total 	120.78 	49 

Between 
FED-FS 	5.58 	1,38 	2.92 >0.10 

Between 
SF-Rest 	14.94 	2,47 	7.82 <0.05 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	222.13 	1 	222.13 42.14 < 0.001 

Within 
Treatments 	216.12 	41 	5.27 

Total 	438.25 	42 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	1057.19 	2 	528.59 2.74 	> 0.05 

Within 
Treatments 	13520.71 	70 193.15 

Total 	14577.89 	72 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	856.41 	1 856.41 2.98 	>0.10 

Within 
Treatments 	13510.65 	47 287.46 

Total 	14367.06 	48 



275 

ii). Wet weight. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	0.00814 	2 	0.00407 21.08 <0.0005 

Within 
Treatments 	0.01120 	58 0.00019 

Total 	0.01935 	60 

Between 
SF-FS 	0.00149 	1,31 	7.69 <0.01 

Between 
FED-FS 	0.00383 	1,39 	19.84 <0.01 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	0.02113 	1 	0.02113 67.78 <0.001 

Within 
Treatments 0.01341 	42 0.00031 

Total 	0.03451 	43 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	0.00494 	2 	0.00247 18.08 <0.0005 

Within 
Treatments 	0.00915 	67 0.00014 

Total 	0.01409 	69 

Between 
FED-SF 	0.00042 	1,39 	3.048 >0.10 

Between 
FS-Rest 	0.00452 	2,67 	33.16 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	0.00516 	1 0.00516 40.41 <0.001 

Within 
Treatments 	0.00600 	47 0.00013 

Total 	0.01116 	48 
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iii). Fulton's K. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Among 
Treatments 	1.322 	2 	0.661 24.63 <0.0005 

Within 
Treatments 	1.289 	48 	0.027 

Total 	2.611 	50 

Between 
SF-FS 	1.129 	1,31 	42.06 <0.001 

Between 
FED-FS 	0.751 	1,39 	27.99 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	1.066 	1 	1.066 22.19 <0.001 

Within 
Treatments 	2.018 	42 0.048 

Total 	3.084 	43 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Among 
Treatments 	1.82 	2 	0.91 15.33 <0.0005 

Within 
Treatments 	4.04 	68 0.059 

Total 	5.86 	70 

Between 
FED-SF 	0.33 1,39 	5.56 <0.05 

Between 
SF-FS 	0.20 2,40 	3.41 	>0.05 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	1.11 	1 	1.11 26.10 <0.001 

Within 
Treatments 	2.00 	47 	0.043 

Total 	3.11 	48 
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iv). Water content. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Among 
Treatments 	3708.97 	2 	1854.49 3.34 <0.0005 

Within 
Treatments 	3086.80 	28 110.24 

Total 	6795.78 	30 

Between 
SF-FS 	69.21 	1,18 	0.63 >0.50 

Between 
FED-Rest 	3639.78 	2,28 	33.02 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	905.76 	1 	905.76 2.80 	>0.10 

Within 
Treatments 	10029.81 	31 323.54 

Total 	10935.57 	32 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	6241.61 	2 3120.81 22.27 <0.0005 

Within 
Treatments 	4624.90 	33 140.15 

Total 	10866.51 	35 

Between 
SF-FS 	1093.00 	1,19 	7.80 <0.05 

Between 
FED-SF 	707.67 	1,19 	5.04 >0.05 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	1132.91 	1 1132.91 6.56 	<0.05 

Within 
Treatments 	5695.20 	33 172.58 

Total 	6828.11 	34 
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v). Protein content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	147.21 	2 	73.60 0.78 	>0.50 

Within 
Treatments 	2618.98 	28 94.61 

Total 	2796.19 	30 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	2918.69 	1 	2918.69 13.26 <0.005 

Within 
Treatments 	6824.90 	31 220.16 

Total 	9743.59 	32 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P> F 

Between 
Treatments 	543.70 	2 	271.85 3.76 <0.05 

Within 
Treatments 	2530.02 	35 	72.29 

Total 	3073.72 	37 

Between 
SF-FS 	185.54 	1,21 	2.57 	>0.20 

Between 
SF-Rest 	358.16 	2,35 	4.95 <0.05 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 

Within 
Treatments 

Total 

325.78 

1108.89 

1434.67 

1 

33 

34 

325.78 

33.60 

9.69 <0.01 
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vi). Lipid content. 
Trial A - Comparing Treatments. 

Source 

Among 
Treatments 

Within 
Treatments 

SS 

3712.63 

4588.43 

df 

2 

28 

MS 	F 

1856.31 	11.33 

163.87 

P>F 

<0.0005 

Total 8301.05 30 

Between 
SF-FS 21.82 1,20 0.13 >0.50 

Between 
SF-Rest 3690.81 2,28 22.52 <0.001 

Trial A - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 1596.44 1 1596.44 	6.21 <0.05 

Within 
Treatments 7968.39 31 257.04 

Total 	9564.84 	32 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	11045.92 	2 5522.96 45.44 <0.0005 

Within 
Treatments 	4254.25 	35 121.55 

Total 	15300.17 	37 

Between 
SF-FS 	1012.23 	1,21 	8.33 <0.02 

Between 
FED-SF 	3995.31 	1,21 	32.87 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	10696.91 	1 10696.91 82.92 <0.001 

Within 
Treatments 	4257.08 	33 	129.00 

Total 	14954.34 	34 
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vii). Carbohydrate content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	170.39 	2 	85.19 12.24 <0.0005 

Within 
Treatments 	194.88 	28 	6.96 

Total 	365.26 	30 

Between 
FED-SF 	9.12 	1,18 	1.31 	>0.50 

Between 
SF-Rest 	244.41 	2,28 	35.12 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	37.28 	1 	37.28 7.37 	<0.05 

Within 
Treatments 	156.58 	31 	5.05 

Total 	193.86 	32 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	1056.38 	2 	528.19 12.41 <0.0005 

Within 
Treatments 	1489.56 	35 	42.56 

Total 	2545.93 	37 

Between 
FED-SF 	60.76 	1,21 	1.43 	>0.20 

Between 
FS-Rest 	992.14 	2,35 	23.31 <0.0005 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	1218.22 	1 1218.22 36.68 <0.001 

Within 
Treatments 	1095.93 	33 	33.21 

Total 	2314.15 	34 
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viii). Otolith increment widths. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	104.66 	2 	52.33 38.48 <0.0005 

Within 
Treatments 	148.34 	109 	1.36 

Total 	253.05 	111 

Between 
FS-SF 	12.02 1,71 	8.84 <0.001 .  

Between 
FED-SF 	16.28 1,54 	11.97 <0.001 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Among 
Treatments 	24.38 	2 	12.19 13.70 <0.0005 

Within 
Treatments 	143.57 	162 0.89 

Total 	167.95 	164 

Between 
FED-SF 	6.66 	1,119 	3.25 <0.001 

Between 
SF-FS 	4.99 	1,92 	5.61 <0.002 



F 
Sourde 

12.49 

17.65 

1.76 

1676.99 

Total 

0.007 3.06 2 

0.011 2.08 7 

38.00 0.023 (A)x(B) 14 

Residual 144 

167 

Treatment 
 

Aquaria 
 

24.98 

123.56 

531.93 

241486.12 

242166.59 

b). Trial B. 

Critical 
F 

Treatment 
 

53.35 26.68 0.012 3.07 2 

Aquaria 
 

119.734 7 17.11 0.008 2.10 

(A)x(B) 380.117 27.15 0.012 1.79 14 

Residual 232473.99 106 2193.15 

Total 233200.28 129 

Critical 

Trial (A) 2645.45 1 2645.45 349.0 5.10 
** 

Residual 2243.71 296 7.58 

Total 4889.15 297 
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Appendix 9. 

Summary Analyses of variance results testing the allocation of fish to each treatment and 
treatment aquaria. 

Table A.1. Analysis of Variance summary table testing for differences in SL within Trial A 
and B. (SS =sum of squares; DF= degrees of freedom; MS= mean square; F= F-ratio 
statistic; Critical F= F value from tables (Zar, 1984); ** significantly different with 
P<0.001). 

a). Trial A. 

Table A.2. One way analysis of variance summary testing for differences in SL between fish 
from Trial A and B. Two-tailed test. (** = P<0.001 (Zar, 1984). 
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Table A.3. Summaries of the ANOVA results testing for differences between treatments in the 
throughout the experiment. The table is divided into; 

Results for days 0 to 41; 
Results for days 42 to 78 (Trial A) and 42 to 74 (Trial B). 

Key: 	SS = Type III sum of squares. 
df = degrees of freedom. 
MS = mean square. 
F = F-statistic. 
P > F = probability of obtaining a greater F-value. 
FED = The FED treatment. 
FS = The FS treatment. 
SF = The SF treatment. 
FIELD = The FIELD fish. 
Rest = Both other treatments (for comparison of 

treatment means). 
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A). Summaries for days 0 to 41. 
i). Fulton's K. 

Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	0.944 	2 	0.472 5.65 	<0.01 

Within 
Treatments 	5.594 	67 	0.084 

Total 	6.537 	69 

Between 
FED-FS 	0.4806 	1,46 	5.35 >0.05 

Between 
SF-Rest 	0.777 	2,67 	9.31 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	0.345 	1 	0.345 14.31 	<0.001 

Within 
Treatments 	1.415 	59 0.024 

Total 	1.761 	60 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	0.774 	2 	0.387 7.61 <0.0025 

Within 
Treatments 	2.290 	45 	0.051 

Total 	3.064 	47 

Between 
FED-FS 	0.118 	1,30 	2.31 	>0.20 

Between 
SF-Rest 	0.757 	2,45 	14.89 <0.002 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	0.108 	1 0.108 	3.38 	>0.10 

Within 
Treatments 	1.216 	38 0.032 

Total 	1.324 	39 
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ii). Liver Somatic Index (LSI). 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	7.215 	2 	3.607 17.65 <0.0005 

Within 
Treatments 	10.630 	52 0.204 

Total 	17.845 	54 

Between 
FED-FS 	0.0024 1,36 	0.016 >0.50 

Between 
SF-Rest 	7.212 2,52 	35.28 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	19.174 	1 	19.179 29.77 <0.001 

Within 
Treatments 	34.140 	53 	0.644 

Total 	53.318 	54 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	8.479 	2 	4.239 18.55 <0.0005 

Within 
Treatments 	9.826 	43 	0.229 

Total 	18.305 	45 

Between 
FED-FS 	1.374 	1,29 	5.99 <0.05 

Between 
SF-Rest 	5.290 	2,43 	4.05 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	4.474 	1 4.474 27.62 <0.001 

Within 
Treatments 	5.994 	37 0.162 

Total 	10.668 	38 
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iii). Sagitta Somatic Index (SSI). 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	0.031 	2 	0.157 6.42 <0.005 

Within 
Treatments 	0.154 	63 	0.002 

Total 	0.185 	65 

Between 
FED-FS 	0.00009 1,42 	0.036 >0.50 

Between 
SF-Rest 	0.03122 2,63 	12.80 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	0.002 	1 	0.002 1.10 	>0.50 

Within 
Treatments 	0.121 	55 	0.002 

Total 	0.124 	56 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	0.017 	2 	0.008 6.78 <0.005 

Within 
Treatments 	0.056 	46 	0.001 

Total 	0.073 	48 

Between 
FED-FS 	0.00009 1,30 	0.07 >0.50 

Between 
SF-Rest 	0.01643 2,46 	13.49 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P> F 

Between 
Treatments 	0.00029 	1 0.00029 0.32 	>0.50 

Within 
Treatments 	0.03374 37 0.00091 

Total 	0.03404 	38 
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iv). Liver vacuole abundance. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	15142.24 	2 7571.12 29.44 < 0.005 

Within 
Treatments 	7714.06 	30 257.14 

Total 

Between 
FED-FS 

Between 

22856.30 

801.10 

32 

1,23 3.12 	>0.10 

SF-Rest 14341.14 2,30 55.77 <0.001 

Trial A - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 3089.32 1 3089.32 31.21 <0.001 

Within 
Treatments 2084.83 21 99.28 

Total 	5183.15 	22 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	10716.27 	2 	5358.13 49.43 <0.0005 

Within 
Treatments 	2167.75 	20 108.39 

Total 	12884.02 	22 

Between 
FED-FS 	80.11 1,13 	0.74 >0.50 

Between 
SF-Rest 	10636.16 2,20 	98.13 	<0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	12740.00 	1 12740.00 48.21 <0.0005 

Within 
Treatments 	5285.39 	20 264.27 

Total 	18025.39 	21 
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v). Carcass water content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P > F 

Between 
Treatments 	1628.26 	2 	814.13 9.34 < 0.001 

Within 
Treatments 	2789.36 	32 	87.18 

Total 	4417.62 	34 

Between 
FED-FS 	21.50 	1,22 	0.25 >0.50 

Between 
SF-Rest 	1606.75 	2,32 	18.43 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	102.96 	1 	102.96 1.11 	>0.50 

Within 
Treatments 	1939.45 	21 92.35 

Total 	2042.41 	22 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 121094.44 	2 60547.24 226.44 <0.0005 

Within 
Treatments 	8287.34 	42 267.33 

Total 	129381.83 	44 

Between 
FED-FS 	258.91 	1,21 	0.97 >0.50 

Between 
SF-Rest 	120835.37 	2,31 	452.00 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	907.74 	1 	907.74 5.02 	>0.05 

Within 
Treatments 	3978.73 	22 	180.85 

Total 	4886.47 	23 
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vi). Carcass protein content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P >F 

Between 
Treatments 	2575.92 	2 1287.96 14.1 2 > 0.0005 

Within 
Treatments 	2918.06 	32 	91.19 

Total 	5493.98 	34 

Between 
FED-FS 	3.65 1,22 	0.04 >0.50 

Between 
SF-Rest 	2572.28 2,32 	28.21 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	522.92 	1 	522.92 5.01 >0.05 

Within 
Treatments 	2192.91 	21 	104.43 

Total 	2715.89 	22 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	1580.74 	2 	790.37 9.36 <0.001 

Within 
Treatments 	2618.32 	31 	84.46 

Total 	4199.06 	33 

Between 
FED-FS 	22.28 1,22 	0.26 >0.50 

Between 
SF-Rest 	1558.46 2,31 	18.45 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	9.25 	1 	9.25 0.11 	>0.50 

Within 
Treatments 1934.79 	22 87.94 

Total 	1944.04 	23 
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vii). Carcass lipid content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	944.77 	2 	497.39 9.61 <0.001 

Within 
Treatments 	1656.99 	32 51.78 

Total 	2651.76 	34 

Between 
FED-FS 	94.14 	1,22 	1.82 >0.20 

Between 
SF-Rest 	900.64 	2,32 	17.39 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	111.95 	1 	111.95 0.97 	>0.50 

Within 
Treatments 	2428.14 	21 115.63 

Total 	2540.09 	22 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P > F 

Between 
Treatments 	1134.32 	2 	567.16 10.48 <0.0005 

Within 
Treatments 	1167.47 	31 	54.11 

Total 	2811.79 	33 

Between 
FED-FS 	167.87 	1,22 	3.10 >0.10 

Between 
SF-Rest 	966.45 	2,31 	17.86 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	p >F 

Between 
Treatments 	178.76 	1 178.86 4.08 >0.10 

Within 
Treatments 	964.80 	22 43.85 

Total 	1143.56 	23 
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viii). Carcass carbohydrate content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	134.51 	2 	67.25 47.46 <0.0005 

Within 
Treatments 	45.35 	32 	1.42 

Total 	179.86 	34 

Between 
FED-FS 	1.06 	1,22 	0.75 >0.50 

Between 
SF-Rest 	133.45 	2,32 	94.17 	<0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	87.27 	1 	87.27 42.50 <0.001 

Within 
Treatments 	42.11 	21 	2.01 

Total 	127.22 	22 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	46.17 	2 	23.09 14.57 <0.0005 

Within 
Treatments 	49.06 	31 	1.58 

Total 	95.24 	33 

Between 
FED-FS 	0.53 	1,22 	0.34 >0.50 

Between 
SF-Rest 	45.64 	2,31 	28.84 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	15.52 	1 	15.52 11.17 	<0.01 

Within 
Treatments 	30.58 	22 	1.39 

Total 	46.10 	23 
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ix). Viscera water content. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	139862.93 	2 69931.47 17.3 1 < 0.0005 

Within 
Treatments 	133300.12 	33 4039.40 

Total 	273163.05 	35 

Between 
FED-FS 	2312.81 1,23 	0.57 >0.50 

Between 
SF-Rest 	137550.13 2,33 	34.05 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	41508.48 	1 41508.48 11.31 <0.01 

Within 
Treatments 	80674.89 	22 3667.04 

Total 	122183.38 	23 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 46156.34 	2 23078.17 12.41 <0.0005 

Within 
Treatments 55780.50 	30 1854.35 

Total 	101936.84 	32 

Between 
FED-FS 	51.32 	1,20 	0.03 >0.50 

Between 
SF-Rest 	46105.02 	2,30 	24.86 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 3807980.99 	1 3807980.99 3381.72 <0.001 

Within 
Treatments 	34907.55 31 	1126.05 

Total 	3842888.54 32 
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x). Viscera protein content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	10.11 	2 	5.06 0.04 	<0.50 

Within 
Treatments 	3991.02 	33 120.94 

Total 	4001.13 	35 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P > F 

Between 
Treatments 	11.48 	1 	11.48 0.06 	>0.50 

Within 
Treatments 	3955.18 	22 179.78 

Total 	3966.66 	23 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 258.88 2 129.44 	0.62 >0.50 

Within 
Treatments 6462.37 31 208.46 

Total 6721.25 33 

Trial B - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 127.43 1 127.43 	0.65 >0.50 

Within 
Treatments 4107.53 21 195.60 

Total 	4234.97 	22 
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xi). Viscera lipid content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	201476.08 	2 100738.04 12.06 <0.0005 

Within 
Treatments 	275695.43 	33 8354.41 

Total 	477171.51 	35 

Between 
FED-FS 	233.26 1,23 	0.03 >0.50 

Between 
SF-Rest 	201252.83 2,33 	24.09 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	70016.40 	1 70016.40 6.49 <0.05 

Within 
Treatments 237323.90 	22 10787.45 

Total 	307340.31 	23 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	92755.50 	2 46377.75 19.19 <0.0005 

Within 
Treatments 	72492.66 	30 2116.42 

Total 	165248.16 	32 

Between 
FED-FS 	4373.82 1,20 	1.81 	>0.10 

Between 
SF-Rest 	88381.68 2,30 	36.58 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	30433.11 	1 30433.11 6.04 	<0.05 

Within 

	

Treatments 105787.46 	21 5037.50 

Total 	136220.56 	22 
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xii). Viscera carbohydrate content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P > F 

Between 
Treatments 	3050.17 	2 1525.08 9.90 < 0.0005 

Within 
Treatments 	5085.34 	33 	154.10 

Total 	8135.51 	35 

Between 
FED-FS 	8.17 	1,23 	0.05 >0.50 

Between 
SF-Rest 	3042.00 	2,33 	19.17 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	1744.22 	1 1744.22 8.54 	<0.02 

Within 
Treatments 	4495.80 	22 204.35 

Total 	6240.01 	23 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 

Within 
Treatments 

760.62 

591.81 

2 

30 

380.31 

19.73 

19.27 <0.0005 

Total 1352.43 32 

Between 
FED-FS 3.76 1,20 0.19 >0.50 

Between 
SF-Rest 756.85 2,30 38.37 <0.001 

Trial B - FED versus FIELD. 

Source SS df MS F P>F 

Between 
Treatments 	184.73 	1 184.73 8.09 	<0.02 

Within 
Treatments 	479.45 	21 	22.83 

Total 	664.18 	22 



296 

xiii). Liver water content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	46051.92 	2 23025.96 9.69 <0.001 

Within 
Treatments 68892.97 	29 2375.62 

Total 	114944.90 	31 

Between 
FED-FS 	3575.01 	1,22 	1.50 >0.20 

Between 
SF-Rest 	42476.91 	2,29 	17.88 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	9930.10 	1 	9930.10 4.53 >0.10 

Within 
Treatments 	46015.26 	21 2191.20 

Total 

Source 

Between 

55945.36 	22 

Trial B - Comparing Treatments. 

SS 	df 	MS 	F 	P>F 

Treatments 47504.27 2 	23752.13 6.52 < 0.005 
Within 
Treatments 98332.66 27 3641.95 

Total 195836.92 29 

Between 
FED-FS 37857.32 1,20 10.39 <0.01 

Between 
SF-FS 35146.93 2,19 9.65 <0.02 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	42381.06 	1 42381.06 32.01 <0.001 

Within 
Treatments 	37074.74 	28 1324.10 

Total 	79455.80 	29 
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xiv). Liver protein content. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	3652.10 	2 1826.05 8.57 <0.0025 

Within 
Treatments 	6173.18 	29 212.87 

Total 	9825.29 	31 

Between 
FED-FS 	280.55 	1,22 	1.32 >0.20 

Between 
SF-Rest 	3371.56 	2,29 	15.83 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	3365.91 	1. 3365.91 9.03 <0.02 

Within 
Treatments 	7830.10 	21 372.86 

Total 

Source 

Between 

11196.11 	22 

Trial B - Comparing Treatments. 

SS 	df 	MS 	F 	P>F 

Treatments 498.21 2 249.10 	0.53 >0.50 
Within 
Treatments 13086.07 28 467.36 

Total 13584.28 30 

Trial B - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 11124.00 1 11124.00 33.20 <0.001 

Within 
Treatments 6691.93 20 334.60 

Total 	17815.93 	21 
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xv). Liver lipid content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	15490.63 	2 7745.31 7.91 <0.0025 

Within 
Treatments 	28387.00 	29 988.86 

Total 	43877.63 	31 

Between 
FED-FS 	101.24 	1,22 	0.10 >0.50 

Between 
SF-Rest 	15389.14 	2,29 	15.72 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	9604.74 	1 9604.74 2.22 >0.20 

Within 
Treatments 	90845.55 	21 4325.98 

Total 	100450.29 	22 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	36330.85 	2 18165.43 3.19 	>0.05 

Within 
Treatments 147989.15 	26 5691.89 

Total 	184320.00 	28 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	12595.32 	1 12595.32 11.86 <0.01 

Within 
Treatments 	21234.86 	20 1061.74 

Total 	33830.17 	21 
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xvi). Liver carbohydrate content. 
a). Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	206239.08 	2 103119.50 48.8 1 < 0.0005 

Within 
Treatments 	61267.71 	29 2112.68 

Total 	267506.79 	31 

Between 
FED-FS 	692.05 1,22 	0.32 >0.50 

Between 
SF-Rest 	205547.04 2,29 	92.90 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 140742.55 	1 140742.55 56.02 <0.001 

Within 
Treatments 	52757.50 	21 2512.26 

Total 	193500.05 	22 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 102067.99 	2 51033.99 28.33 <0.0005 

Within 
Treatments 	46833.78 	26 1801.30 

Total 

Between 
FED-FS 

Between 

148901.77 

982.70 

28 

1,19 	0.93 >0.50 

SF-Rest 101280.20 2,26 	56.23 <0.001 

Trial B - FED versus FIELD. 

Source SS df 	MS 	F P>F 

Between 
Treatments 54086.04 1 	54086.04 45.80 <0.01 

Within 
Treatments 22439.65 19 	1181.03 

Total 	76525.69 	20 
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xvii). Otolith increment widths. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	251.99 	2 	126.00 172.24 <0.0005 

Within 
Treatments 	1502.56 2054 0.73 

Total 	1754.55 2056 

Between 
FS-SF 	21.67 1,1412 	29.62 <0.001 

Between 
FED-SF 	124.81 1,1377 	 170.61 <0.001 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	60.77 	2 	30.39 81.02 <0.0005 

Within 
Treatments 	589.14 	1571 	0.38 

Total 	649.91 	1573 

Between 
FED-SF 	0.19 1,1025 	0.52 >0.50 

Between 
SF-FS 	60.58 2,1571 	161.54 <0.0005 
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B). Summaries for days 42 to 78 (Trial A) and days 42 to 74 (Trial b). 
i). Fulton's K. 

Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	0.872 	2 	0.436 11.50 <0.0005 

Within 
Treatments 	1.403 	37 	0.038 

Total 	2.276 	39 

Between 
FED-SF 	0.8103 1,22 	5.79 <0.001 

Between 
SF-FS 	0.0732 1,26 	1.93 <0.20 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	0.221 	1 	0.221 22.00 <0.001 

Within 
Treatments 	0.332 	33 0.010 

Total 

Source 

Between 

	

0.553 	34 

Trial B - Comparing Treatments. 

	

SS 	df 	MS 	F 	P>F 

Treatments 0.811 2 0.406 	8.88 <0.0025 
Within 
Treatments 0.822 18 0.046 

Total 1.633 20 

Between 
SF-FS 0.118 1,12 2.889 >0.20 

Between 
FED-Rest 0.679 2,18 14.86 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	0.044 	1 	0.043 1.71 	>0.20 

Within 
Treatments 	0.357 	14 	0.025 

Total 	0.400 	15 
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ii). Liver Somatic Index (LSI). 
Trial A - Comparing Treatments. 

Source 

Between 

SS df MS F 	P>F 

Treatments 4.566 2 2.283 14.37 	<0.0005 
Within 
Treatments 5.718 36 0.159 

Total 10.284 38 

Between 
SF-FS 0.246 1,22 1.54 	>0.20 

Between 
FED-Rest 4.320 2,36 27.19 	<0.001 

Trial A - FED versus FIELD. 

Source SS df MS F 	P>F 

Between 
Treatments 0.440 1 0.440 2.96 	>0.10 

Within 
Treatments 4.458 30 0.149 

Total 	4.898 31 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	1.132 	2 	0.566 6.07 	<0.01 

Within 
Treatments 	1.679 	18 	0.093 

Total 	2.810 	20 

Between 
FS-SF 	0.113 	1,12 	1.22 	>0.50 

Between 
FED-Rest 	1.018 	2,18 	4.56 <0.002 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	0.012 	1 0.012 0.10 > 0.50 

Within 
Treatments 	1.752 	14 0.125 

Total 	1.764 	15 
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iii). Sagitta Somatic Index (SSI). 
Trial A - Comparing Treatments. 

Source 

Between 

SS df MS F P>F 

Treatments 0.033 2 0.017 4.93 <0.01 
Within 
Treatments 0.127 37 0.003 

Total 0.160 39 

Between 
SF-FS 0.00529 1,26 1.54 >0.20 

Between 
FED- Rest 0.02844 2,37 8.31 <0.005 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P> F 

Between 
Treatments 	0.0009 	1 0.0009 0.56 	>0.50 

Within 
Treatments 	0.0581 	32 0.0018 

Total 	0.0590 	33 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 

Within 
Treatments 

0.00656 

0.01514 

2 

17 

0.00328 	3.68 

0.00089 

<0.05 

Total 0.0217 19 

Between 
SF-FS 0.00106 1,11 1.19 >0.50 

Between 
FED-Rest 0.00550 2,17 6.18 <0.02 

Trial B - FED versus FIELD. 

Source SS df MS 	F P > F 

Between 
Treatments 0.00033 1 0.00033 0.46 >0.50 

Within 
Treatments 0.00924 13 0.00071 

Total 	0.00957 	14 
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iv). Liver vacuole abundance. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	3371.30 	2 	1885.65 11.3 1 < 0.0025 

Within 
Treatments 	2668.37 	16 166.77 

Total 	6439.67 	18 

Between 
SF-FS 	2676.75 1,10 	16.05 <0.005 

Between 
SF-FED 	10.94 1,10 	0.07 >0.50 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	1965.61 	1 1965.61 6.94 <0.05 

Within 
Treatments 	3966.80 	14 283.34 

Total 	5932.41 	15 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 9963.51 2 4981.76 12.93 <0.0005 

Within 
Treatments 7321.88 19 385.36 

Total 17285.39 21 

Between 
FED-SF 2136.46 1,14 5.54 >0.05 

Between 
SF-Rest 7827.05 2,19 20.31 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	10642.57 	1 10642.57 133.09 <0.001 

Within 
Treatments 	959.57 	12 	79.96 

Total 	11602.14 	13 
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v). Carcass water content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	3266.41 	2 1633.21 6.39 <0.025 

Within 
Treatments 	5570.80 	21 255.75 

Total 	8637.21 	23 

Between 
SF-FS 	488.80 1,17 	1.91 	>0.20 

Between 
FED-Rest 	2777.61 2,21 	10.86 <0.002 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	1062.54 	1 	1062.54 0.71 >0.50 

Within 
Treatments 	17844.47 	12 1487.04 

Total 	18907.01 	13 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	301.10 	2 151.05 1.17 	>0.25 

Within 
Treatments 	2319.27 	18 128.85 

Total 	2621.37 	20 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	801.07 	1 801.07 25.13 <0.001 

Within 
Treatments 	446.36 	14 	31.88 

Total 	1247.44 	15 
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vi). Carcass protein content. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	623.34 	2 	311.67 1.06 >0.50 

Within 
Treatments 	6165.28 	21 293.58 

Total 	6788.62 	23 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	47.09 	1 	47.09 0.12 	>0.50 

Within 
Treatments 	5007.53 	13 385.19 

Total 	5054.62 	14 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments . 431.49 	2 	431.49 3.14 >0.50 

Within 
Treatments 	1236.40 	18 	68.69 

Total 	1667.89 	20 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P> F 

Between 
Treatments 	27.07 	1 	27.07 0.30 	>0.50 

Within 
Treatments 	1259.72 	14 	89.98 

Total 	1286.79 	15 
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vii). Carcass lipid content. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	652.89 	2 	326.45 4.14 <0.05 

Within 
Treatments 	1416.89 	18 	78.72 

Total 	2069.78 	20 

Between 
SF-FS 	101.76 	1,14 	1.29 >0.50 

Between 
FED-Rest 	551.12 	2,18 	7.00 <0.02 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P> F 

Between 
Treatments 	262.14 	1 262.14 5.70 	>0.05 

Within 
Treatments 	597.42 	13 45.96 

Total 	859.56 	14 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	606.76 	2 303.38 6.09 <0.01 

Within 
Treatments 	896.03 	18 	49.78 

Total 	1502.79 	20 

Between 
SF-FS 	58.84 	1,12 	1.18 	>0.50 

Between 
FED-Rest 	547.93 	2,18 	11.00 <0.002 

Trial B - FED versus FIELD. 

Source 	SS 	df 	MS F 	P> F 

Between 
Treatments 	1006.20 	1 1006.20 81.96 <0.001 

Within 
Treatments 	171.87 	14 	12.28 

Total 	1178.07 	15 
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viii). Carcass carbohydrate content. 
a). Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	23.89 	2 	14.15 3.82 	<0.05 

Within 
Treatments 	77.85 	21 	3.71 

Total 	106.24 	23 

Between 
SF-FS 	19.22 	1,17 	5.18 <0.05 

Between 
FED-SF 	0.56 	1,14 	0.15 >0.50 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	31.56 	1 	31.56 61.30 <0.001 

Within 
Treatments 	6.69 	13 	0.51 

Total 	38.26 	14 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	15.64 	2 	7.82 3.95 	<0.05 

Within 
Treatments 	35.63 	18 	1.98 

Total 	51.26 	20 

Between 
FED-SF 	1.58 	1,12 	0.80 >0.50 

Between 
FS-Rest 	14.06 	2,18 	7.10 <0.05 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	9.37 	1 9.37 	16.07 <0.005 

Within 
Treatments 	7.00 	12 0.58 

Total 	16.37 	13 
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ix). Viscera Water content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	64167.10 	2 32083.55 8.72 <0.0025 

Within 
Treatments 121400.54 	33 3678.80 

Total 	185567.69 	35 

Between 
SF-FS 	61.24 	1,17 	0.02 >0.50 

Between 
SF-Rest 	64105.89 	2,33 	17.42 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	51342.00 	1 51342.00 17.10 <0.005 

Within 
Treatments 	39038.20 	13 3002.94 

Total 	90380.20 	14 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 

Within 
Treatments 

92099.69 

59149.42 

2 

18 

46049.85 	14.01 

3286.08 

<0.0005 

Total 151249.11 20 

Between 
SF-FS 6228.72 1,12 1.90 >0.20 

Between 
SF-Rest 85870.97 2,18 26.18 <0.001 

Trial B - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 	130970.49 	1 130970.49 61.91 <0.001 

Within 
Treatments 	25387.40 	12 	2115.62 

Total 	156357.89 	13 
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x). Viscera protein content. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	29.53 	2 	14.77 0.24 <0.50 

Within 
Treatments 	1286.48 	21 61.26 

Total 	1316.01 	23 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	217.38 	1 	217.38 2.65 	>0.20 

Within 
Treatments 	985.16 	12 	82.10 

Total 	1202.54 	13 

Trial B - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 240.63 2 120.31 	0.82 >0.50 

Within 
Treatments 2646.28 18 147.02 

Total 2886.91 20 

Trial B - FED versus FIELD. 

Source SS df MS 	F P>F 

Between 
Treatments 714.29 1 714.29 	3.35 > 0.10 

Within 
Treatments 2557.11 12 213.09 

Total 	3271.39 	13 



311 

xi). Viscera lipid content. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P > F 

Between 
Treatments 	96119.81 	2 48059.90 6.06 <0.01 

Within 
Treatments 	166417.66 	21 7924.65 

Total 	262537.47 	23 

Between 
SF-FS 	394.81 	1,16 	0.05 	>0.50 

Between 
FED-Rest 	95725.00 	2,21 	12.07 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df 	MS F 	P > F 

Between 
Treatments 	72886.06 	1 72886.06 11.81 <0.02 

Within 
Treatments 	80253.11 	13 6173.32 

Total 	153139.17 	23 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 256429.99 	2 128214.99 19.57 <0.0005 

Within 
Treatments 	117934.08 	18 6551.89 

Total 	374364.07 	20 

Between 
FED-FS 	74.52 1,12 	0.01 >0.50 

Between 
SF-Rest 	256355.47 2,18 	39.13 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 267057.78 	1 267057.78 40.76 <0.001 

Within 
Treatments 	66002.30 	12 5500.19 

Total 	333060.08 	13 
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xii). Viscera carbohydrate content. 
Trial A - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	129.25 	2 	64.63 1.66 <0.25 

Within 
Treatments 	824.50 	21 	39.26 

Total 	953.76 	23 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	155.73 	1 	155.73 16.80 <0.005 

Within 
Treatments 	111.25 	12 	9.27 

Total 	266.98 	13 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	169.49 	2 	84.75 4.41 <0.05 

Within 
Treatments 	345.60 	18 	19.20 

Total 	575.09 	20 

Between 
SF-FS 	45.72 	1,12 	2.38 >0.20 

Between 
FED-Rest 	123.77 	2,18 	6.45 <0.02 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	83.06 	1 	83.06 5.54 	>0.05 

Within 
Treatments 	179.95 	12 	15.00 

Total 	263.01 	13 
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xiii). Liver water content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	26486.91 	2 13243.45 11.01 <0.0005 

Within 
Treatments 	34875.95 	29 1202.62 

Total 	61362.86 	31 

Between 
SF-FS 	3251.02 	1,15 	2.79 >0.20 

Between 
SF-Rest 	23135.84 	2,29 	19.23 <0.001 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	6716.60 	1 	6716.60 2.79 >0.20 

Within 
Treatments 	24114.90 	10 2411.49 

Total 	30831.50 	11 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 

Within 
Treatments 

31346.70 

62337.99 

2 	15673.37 4.27 

17 	3666.94 

<0.05 

Total 93684.73 19 

Between 
SF-FS 3066.56 1,12 	0.84 >0.50 

Between 
SF-FS 28280.17 2,17 	7.71 <0.01 

Trial B - FED versus FIELD. 

Source SS df 	MS 	F P>F 

Between 
Treatments 65232.54 1 	65232.54 62.25 <0.001 

Within 
Treatments 14671.61 14 	1047.97 

Total 	79904.15 	15 
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xiv). Liver protein content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	1180.47 	2 590.24 4.77 <0.05 

Within 
Treatments 	2472.93 	20 123.65 

Total 	3653.42 	22 

Between 
SF-FS 	874.72 	1,15 	7.07 <0.05 

Between 
FED-SF 	906.95 	1,12 	7.34 <0.05 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	0.75 	1 	0.75 0.00 	>0.50 

Within 
Treatments 3293.03 	10 329.30 

Total 	3293.78 	11 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	370.71 	2 	185.35 0.34 	>0.25 

Within 
Treatments 	9716.54 	18 539.81 

Total 	10087.25 	20 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	8467.42 	1 8467.42 22.85 <0.001 

Within 
Treatments 	5188.56 	14 	370.61 

Total 	13655.98 	15 
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xv). Liver lipid content. 
Trial A - Comparing Treatments. 

Source 	SS 	df 	MS F 	P>F 

Between 
Treatments 	16179.38 	2 8089.69 3.41 >0.10 

Within 
Treatments 45034.50 	19 2370.24 

Total 	61213.87 	21 

Trial A - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	906.61 	1 	906.61 0.21 	>0.50 

Within 
Treatments 43881.84 	10 4388.18 

Total 	44788.45 	11 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P > F 

Between 
Treatments 	2329.24 	2 2329.24 0.10 >0.25 

Within 
Treatments 200559.87 	18 11142.22 

Total 	202889.11 	20 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 	20641.24 	1 20641.24 3.21 >0.10 

Within 
Treatments 	89853.54 	14 6418.11 

Total 	110494.78 	15 
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xvi). Liver carbohydrate content. 
Trial A - Comparing Treatments. 

Source 

Between 

SS df 	MS 	F P>F 

Treatments 55831.02 2 	27915.51 	10.71 <0.001 
Within 
Treatments 46924.17 18 	2606.90 

Total 102755.19 20 

Between 
FED-SF 1672.13 1,12 	0.64 >0.50 

Between 
FS-Rest 54158.89 2,18 	20.78 <0.001 

Trial A - FED versus FIELD. 

Source SS df 	MS 	F P>F 

Between 
Treatments 47075.20 1 	47075.20 90.48 <0.001 

Within 
Treatments 5203.00 10 	520.30 

Total 	52278.20 	11 

Trial B - Comparing Treatments. 

Source 	SS 	df MS F 	P>F 

Between 
Treatments 49978.69 	2 24989.35 14.44 <0.0005 

Within 
Treatments 	31148.01 	18 1730.44 

Total 	81126.70 	20 

Between 
FED-SF 	435.69 	1,12 	0.25 >0.50 

Between 
FS-Rest 	49543.01 	2,18 	28.63 <0.001 

Trial B - FED versus FIELD. 

Source 	SS 	df MS F 	P> F 

Between 
Treatments 	44105.38 	1 44105.38 64.20 <0.001 

Within 
Treatments 	9618.64 	14 687.05 

Total 	53724.02 	15 
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xvii). Otolith increment widths. 
Trial A - Comparing Treatments. 

Source 

Between 

SS df MS F P>F 

Treatments 66.00 2 33.00 58.50 <0.0005 
Within 
Treatments 428.17 760 0.56 

Total 494.11 762 

Between 
FS-SF 0.00 1,525 3.12 <0.25 

Between 
FED-Rest 65.99 2,760 2.79 <0.001 

Trial B - Comparing Treatments. 

Source 

Between 

SS df MS F 	P>F 

Treatments 7.31 2 3.66 33.02 	<0.0005 
Within 
Treatments 45.30 409 0.11 

Total 52.61 411 

Between 
FS-SF 4.74 1,258 3.18 	<0.0005 

Between 
FED-SF 0.18 1,300 1.60 	>0.05 
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