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ABSTRACT

The South African mariculture industry is develapthe rearing technology of indigenous fish
species. Dusky kobA¢gyrosomus japonicus) has high-quality flesh and a good market demand.
Research is needed to determine the environmesgairements under which growth of dusky
kob is optimised. This study assessed the effet#rmperature, light intensity, feeding frequency
and stocking density, respectively, on growth, feedversion ratio (FCR) and survival of

juvenile dusky kob within a weight range of 10-6fish™) in a series of four growth trials.

The effect of temperature on growth and FCR waeszesl at 14 temperatures from 17 to 28°C.
The temperature for best growth was estimated 6@ °C, while 21.4 °C was the temperature
at which the best FCR was achieved. A growth tasting the effect of light intensity on growth
showed that light intensity did not affect growththe range of 23 — 315 Ix. Fish fed a restricted
ration of 3.6% body weight per day (chapter 2) @136 body weight per day (chapter 4) had a
better FCR than fish fed to satiation. A trial &sess the effect of feeding frequency on growth
and FCR showed that fish fed both two or three sich&ly grew better than those fed once daily.
FCR was best in fish that were fed once or twidgyddreliminary analysis of the results from a
stocking density trial showed that stocking densityhe range of 10 — 50 kg #ulid not affect

growth of juvenile dusky kob.

It is recommended to culture dusky kob at a tenmpegeof 25.3 - 21.4 °C at stocking densities
up 50 kg n to maximise growth. However, a study is neededet®rmine the environmental

conditions needed to maximise profit under comna¢m@dnditions. The results allow the South
African industry the opportunity to assess theweltpotential of this species. In addition, the
results will help develop protocols that can beduseother South African candidate aquaculture

species such as silver kob, yellowtail, white-staoge and sole.
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PREFACE

This thesis is submitted as a collection of foyrgya (each as a separate chapter), preceded by a
General Introduction and followed by a General Dé&sion. A degree if repetition in the
introductions, methods and discussions for eatcheopapers was unavoidable. In the case of
dual authorship, the senior author was responfablall data collection, data analysis,

hypotheses and conclusions.
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CHAPTER 1

GENERAL INTRODUCTION

In order to evaluate the potential of a candidaéeiculture species, it is necessary to determine
the economic viability of culturing the species @oen 1996). Growth, feed conversion ratio
(FCR) and survival are fundamental biological fastinat affect the production of a species and
hence the economics of its culture. Weight and tlergain of a species are governed by a
complex series of interactions between the speamekits environment. In order to assess the
growth potential of a species, any growth-reducaffgcts of the culture environment must be
minimised so that growth is maximised (Deacon 19%9%grefore, any evaluation of the culture
potential of a candidate mariculture species shdigdin with the determination of the best

possible environmental conditions for growth (F&71, Deacon 1997).

One way of determining the environmental requireii@i a species is by observation of the
conditions in their natural environment (Deacon @9Stickney & Liu 1999, Laing 2000). It is

assumed that fish will be found in their zone ofiemnmental preference (Person-Le Ruyet
1990). However, this method of determination is switable for fish associated with estuaries.
Estuaries are naturally fluctuating systems, vayyin, for example, temperature, salinity,
turbidity and dissolved oxygen (Whitfield 1998).i3ldynamic environment provides little clue
as to the best possible environmental conditiongfowth of fish under culture conditions. The

only insight that can be gained is an estimatiotheflimits of environmental tolerances.

Environmental variables affect the growth of fish ibfluencing both the metabolism and the
level of activity of fish (Jobling 1981). The metdism of fish is the sum-total of all biochemical
reactions. The activities of fish are the procesbgswhich energy is used (Fry 1971).
Environmental factors influence both metabolic @athbolic processes. It is hypothesised that
best environmental conditions should lead to edficy of use of nutrients and metabolism
leading to fast growth. The effect of the envirominis divided into five functional categories
(Fry 1971) according to their respective influenédish metabolism. These have been defined

by Fry (1971) and Deacon (1997). Controlling fastgovern the rate of metabolic processes.



Temperature is an example of a controlling factitanfluences the rate of metabolism and
hence controls growth. Limiting factors restrice taupply or removal of metabolites. Feeding,
dissolved oxygen concentration, water quality armlvding density are examples of limiting

factors of growth. Masking factors interact witthet variables, hence masking their effect and
potentially acting as confounding factors. Manytéas can act as masking factors under
different circumstances. For example, salinity aahas a masking factor when interacting with
temperature. Directive factors cue the animal toegtain physiological response due to an
environmental stimulus. Light intensity and photopeg are examples of directive factors as
illustrated by their effect on fish behaviour amgnoductive physiology. Lethal factors lead to
breakdown of metabolic functioning and subsequesttd Examples are high temperatures or

salinities outside of the range the species tasrat

Determination of all the environmental requiremenfsa species simultaneously would be
theoretically convenient, but it is impractical base of the multifactorial nature of such an
experiment. Simultaneous testing of all potentiaityportant environmental variables would
require extensive experimental facilities to fdaié a very large number of tanks. Based on the
model by Fry (1971), a protocol for individually tdemining the best possible environmental
conditions for the culture of juvenile marine smscican be suggested. Since dusky kob
(Argyrosomus japonicus) has been successfully spawned and reared invitgptthe best
environmental conditions for growth should be deieed. A protocol has been suggested by
Deacon (1997) to evaluate the mariculture potentél spotted grunter Romadasys
commersonnii) which, likeA. japonicus, is an estuarine species occurring along thecmastt of
South Africa. This study aims to make a contribaitio optimising the environmental conditions
for growth of juvenile dusky kob by first testinket effect on growth, feed conversion rate and
survival of temperature, followed by the testing laght intensity, feeding methods and
population density, the latter being studied untleming conditions. The dusky kol#.
japonicus will be the candidate species as it is being farened marketed.

The South African mariculture industry has growreothe last decade although production is
limited to a few species, in particular the abaldadaliotis midae (Britz 2005). Recent cage-
culture of Atlantic salmonSalmo salar, off Danger Point in the Western Cape is an exaropl

commercial finfish mariculture. Some indigenous fipecies, including. japonicus, have been
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identified as candidate mariculture species (H&€ft0). The potential for mariculture of this
species has only been subjected to preliminary axmn as part of a nutritional study (Daniel

2004) and further investigation will benefit commmiafisation in South Africa.

A. japonicus is a member of the family Sciaenidae, one of #gdst perciform families,
consisting of 70 genera and 270 extant speciess@Nel994). Sciaenid species are becoming
increasingly important to aquaculture worldwidetZgibbonet al. 2007), and are the dominant
marine fish family cultured in China, the world&alder in aquaculture products (Hong & Zhang
2003). They are found in the northern hemisphesagathe coast of China, South Korea and
Japan (Griffiths 1997a), and in the southern heh@sp along the eastern seaboard of Australia
(Starling 1993), South Africa and Mozambique (Gt & Heemstra 1995). Throughout their
distribution, they are an important food specied arkey commercial and recreational linefish
species in South Africa and Australia (Griffithso¥@.).

On the east coast of South Africa, adAlljaponicus are most abundant in the nearshore marine
environment, but frequently visit estuaries andf gmnes (Griffiths & Hecht 1995). A large
proportion of the adult population are believedrimrate up the east coast to the subtropical
waters of KwaZulu Natal to spawn and then to rettonthe Cape region post-spawning
(Griffiths & Hecht 1995). Early juveniles of abo8® mm total length move into estuaries where
they remain until they are about 150 mm total Ian@riffiths 1996) at which stage they are
found both at the mouth of estuaries and in theosading surf zones (Griffiths 1996). Wikl
japonicus are a relatively fast growing during their juvenghase and they reach sexual maturity
at a length of almost 100 cm (Griffiths 1996).

Due to their value as a commercial and recreatidishing speciesA. japonicus has been
severely overfished. In 1997, the spawner biomasseqeruit was believed to be as low as 2.3%
of pristine levels (Griffiths 1997c). The poor staif wild of A. japonicus stocks has caused an
interest in the aquaculture potential of this spediLee & Ostrowski 2001A. japonicus has
attributes that make it a suitable aquaculture ickte, including their high market value, fast
initial growth rate (Griffiths 1996), salinity talance (Whitfield 1998), and tolerance of poor

water quality and low oxygen levels (Fitzgibbemnal. 2007). As a result, this species is under




evaluation to determine their potential for finfistariculture in Australia (Battaglerseal. 1994;
O’Sullivan & Ryan 2001; Pirozat al. 2008) and South Africa (Schoonbee & Bok 2006).

The aim of the current study was to investigateetfiect of selected culture variables on growth
of juvenileA. japonicus, through a series of four growth trials (Chap®rs5). Salinity was kept
constant at 35 gt for all growth trials as this was determined byrBezederet al. 2008 to
allow maximum growth. Dissolved oxygen concentmatibow rate and nitrogenous waste levels

were monitored in all trials.

The first experiment (Chapter 2) reports on theefbf temperature on growth in the absence of
limiting factors such as food or dissolved oxygeaod was provided in excess of the metabolic
requirements and stocking density was kept lownguee that it did not have a limiting effect on
growth. The second experiment (Chapter 3) invetsgythe effect of light intensity on growth
and was conducted within the temperature rangedfdanbest growth in the first experiment
(Chapter 2). Light intensity was chosen as thiciggeexhibits aggressive behaviour that can
potentially be controlled by low light intensityn kddition, two feeding methods were used in
this study to determine whether behavioural cha@ages result of light intensity affected feeding
intensity. The third experiment (Chapter 4) incogted the results of the first two experiments
(Chapter 2 and 3) by testing the effect of feediegymen on growth under the best temperature
and light intensity conditions for growth. The fdurexperiment (Chapter 5) investigates the
effect of stocking density on growth and was conedi@at the best temperature, light intensity
and feeding regimen for growth as estimated undborhtory conditions. In chapter 6, the
results of all experiments will be combined to swnise the effects of the environmental

variables tested in this study on growth, survitegd conversion ratio and feeding intensity.




CHAPTER 2

DETERMINATION OF THE OPTIMAL WATER TEMPERATURE FOR THE CULTURE OF
JUVENILE DUSKY KOB ARGYROSOMUS JAPONICUS

Introduction

Worldwide the growth of the aguaculture industrypeleds on the development and testing of
protocols for the breeding and rearing of new agltae species. The dusky k@b japonicus,
family Sciaenidae, is a fast-growing marine finfigbecies that has a high consumer demand
(Griffiths 1997; Fielder, Bardsley & Allan 1999; 8ullivan & Ryan 2001). As this is a
relatively new candidate species, its environmemaliirements under mariculture conditions, in
particular the temperature for best growth, neebegaletermined to optimise growth and food

conversion ratio (FCR).

Fish growth increases with water temperature up gpecies-specific maximum after which it
rapidly decreases (Jobling 1996). Studies on thenmaeleostdollachius pollachius L. 1758
(Person-Le Ruyetdt al. 2006),Pagrus auratus Forster 1801 (Fielder 2005J¢iaenops ocellatus

L. 1766 (Douillet & Pickering 1999), anB. commersonnii Lacepéde 1801 (Deacon 1997)
showed that growth is maximised at an optimum teatpee within a species-specific thermal
tolerance range. Australian-farm@djaponicus grew at approximately 1 mmi‘dat 15 — 30 °C
for adults and 18 — 25 °C for juvenile fish (O’Swdin & Ryan 2001) which was considered to be

a wide temperature range (O’Sullivan & Savage 2004)

The temperature range in which a species natuoaityirs is thought to represent the zone of
thermal tolerance (Katersky & Carter 2008)japonicus on the South African east coast occur
within a temperature range of 12 - 28 °C dependim¢pcality and season (Whitfield 1998). It is
hypothesised that this range represents the zotewhal tolerance of South African dusky kob.

The optimal temperature for best growth and lovi#&R still needs to be established.

One method to estimate the optimal temperatura fgpecies is through temperature preference
studies (Jobling 1981). The preferred temperatamge of juvenile dusky kob (20 + 3.45 g) kept




in a temperature gradient tank was 25 to 26.4 °@rr{8zeder & Britz 2007). However,
preference studies are based on fish behaviourt@dpreferred temperature under these
experimental conditions may not correspond to #& bemperature for growth (Kellogg & Gift
1983).

The objective of this study was to quantify growigR and feeding intensity of juvenile dusky

kob reared at temperatures ranging from 17.5 - 28.5

Materials and methods

Fourteen days before the start of the experimargnjile dusky kob from a single spawning of
broodstock kept at Espadon Marine Hatchery in HatmgWestern Cape, South Africa) were
transported to the departmental marine hatchery anulimated to the experimental closed
recirculating system. The experimental system &tediof fourteen 100-L (0.44 x 0.50 x 0.45
m) green plastic tanks. Water flow rate was sel@0 L H' tank'. Water leaving the tanks

passed through a 100-L sand filter, a 200-L biaaltrickle filter and a counter-current foam-
fractionator. Two 100-L tanks were connected to shistem filled with oyster shell to buffer

water pH.

Environmental factors within the system were cdigtbto ensure that temperature was the only
variable to account for differences between treatsie Total ammonia and nitrite were
determined photometrically twice weekly using a Kapectrophotometer (method analogous to
EPA 354.1, US Standard Methods 4500-N02- B, and2ERI7). These levels were kept low to
minimise differences in water quality between tmeatts. Un-ionised ammonia did not exceed
0.01 mg L and nitrite did not exceed 0.7 mg In the highest temperature treatment during the

study.

Water was chilled by a 550-W Aquamedic Titan-20@dler and an evaporative cooler (wet
wall). Water was heated to the experimental tentperaof each tank using thermostatically
controlled 300-W aquarium heaters in each tank.nRtemperature was maintained at 20 °C

with two wall-mounted air conditioners.




Light was provided by ten 1.5-m Biolux® fluorescenbes situated 1.3 m above the fish tanks.
Photoperiod was maintained at a 12L:12D cycle vaittimer-switch. Water was vigorously
aerated using airstones connected to an oil-freeydlower. Dissolved oxygen was recorded
daily using an Oxyguard Gamma portable oxygen meter kept above 5 mg™Lin all tanks.

Salinity was maintained at 31 - 35 g through the addition of freshwater when necessary.

Experimental design

The effect of temperature on growth, FCR and fegditensity was assessed within the range of
17.5 to 28.5 °C in a 42-day growth trial. Each tavds stocked with 23 fish (average weight:
23.7 + 2.6 g fisH). Temperature was recorded daily in each tank withercury thermometer to
an accuracy of 0.1 °C. The experiment was desigméesst seven temperatures at two replicates

per treatment. All tanks were randomly assignetthéoexperimental system.

Every 14 days all fish in each tank were anaestbétising 0.2 mL 't 2-phenoxyethanol after
they had not been fed for 24 hours. The standardgtheof each fish was measured using a
measuring board with an accuracy of 1 mm, andiishe weighed individually (to 0.1 g) by

placing them in a shallow dish containing seawatea digital balance.

Fish were fed to apparent satiation twice dailp&00 and 17:00 with a 1.8-mm pelleted feed
(450 g kg" crude protein, 140g Kgcrude lipids, 40g Kg crude fibre, up to 100 g Kgash and
100 g kg moisture, manufactured by Indian Ocean Aquafeddsannesburg, South Africa).
The diet and feeding frequency were in accordante mecommendations by Daniel (2004) and
current industry practice fok. japonicus of this size range. Satiation was assumed whdatpel
reached the bottom of the tank before being edibers, reducing food wastage. Any food wasted
would have been standard across all treatmentsl Eoatainers were assigned to each tank and
weighed weekly to determine the amount of food f€dnks were cleaned twice daily by

siphoning faeces from the tank bottom and scrubtsiagank walls.

Data analysis

Weight gain was expressed as percentage daily tvg@h for each of three 14-day growth
periods using the following formula: G = [(log(We)og(Wb)) / t] x 100; where G = percentage




daily weight gain, Wand We = average weight of all fish in a tankhat beginning and end of a
growth period, respectively, and t = time in dajshe growth period. Length gain was given as
percentage length gain over each 14-day periodd Eoaversion was obtained by dividing the
average amount of dry food fed per fish by the agerwet weight gain of the fish in each tank
during the respective growth period. Feeding iritgnsas calculated in % body weight' dy
multiplying the FCR by the daily percentage growvdte (G).

Although the experimental design included two mreiks for each of the seven experimental
temperatures, average temperature per growth pdifteted between replicates and was thus
considered a continuous variable that was takethesndependent variable in the regression
model. The dependent variables were daily percentagight and length gain, FCR, and feeding
intensity. For each two-week growth period thespedéent variables were related to the
average temperature of that period using differegression analysis techniques. For this, a
comparison of statistics, derived from both lineagression and a second-order polynomial
regression model, was used to decide which modaliged the best fit for the data. The
decision for the choice of the model was based aoraparison of the p-values to test the
significance of the regression coefficients, thetdtistics of the model, and the distribution of
residuals. The type | — error used to reject theradtive hypothesis was set to 5%<(P.05).
The first derivative of the polynomial model wasdgo estimate the point of inflection which
gave the temperature that produced the highesttgroate and the lowest FCR, respectively.
Finally, average weight and average length of fishtank were plotted against time.

Results

The temperature that resulted in the maximum daglicent growth rate was estimated as 23.9,
25.6, and 26.3 °C for the three growth periodspeesvely (Figure 1.1). In the first growth
period percent length gain (%) increased linearith iemperature within the range of 17.9 -
28.4 °C. For growth periods 2 and 3 the optimalgerature for length gain ranged between 25.5
°C and 24.9 °C (Figure 1.1).
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Figure 1.1 (page 9): Daily growth rate in percehtoody weight per day (left column) and
percentage length gain (right column) of juvenileskly kob in relation to average water
temperature for three 14-day growth periods (AtfiB=second, and C=third row of graphs,
respectively.) Regression models for daily peragmtgrowth rate and percentage length gain (y)

and temperature (T) are given for each growth plerio

FCR was best at 21.4 °C in period 2 and 21.9 °@dnod 3. In the first growth period no
significant relationship could be established betwvéemperature and FCRi(,= 0.24; p =
0.63; r2 = 0.02) (Figure 1.2). For all three gropw#riods feeding intensity was linearly related to
temperature within the temperature range of 1728.5 °C (Figure 1.2).
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Figure 1.2 (page 11): FCR and feeding intensitpencent of body weight per day of juvenile
dusky kob as a function of temperature for thre@ay growth periods (A=first, B=second, and
C=third row of graphs, respectively.) Regressiondet® for the relationship between the
variables are given for each growth period. No @sgion model with significant coefficients
could be given for the relationship between FCR t@ntperature for the first growth period.

Percentage daily weight gain (y) for the entired&3- growth period was related to temperature
(x) as follows: y = -3.17 + 0.319x — 0.0063%hus, the optimum temperature for growth was
25.3 °C. The average percentage daily weight gaithie treatment with the lowest temperature
(7.5 °C) was 1.2% while the two tanks of the weait closest to the optimum temperature
(25.4 - 25.9 °C) grew at 2.05%, a 71% increase thestank with the lowest temperature (Table
1.1, Figure 1.3).

FCR (y) for the entire 42-day growth period wasatedl to temperature (x) as follows:
y = 13.86 - 1.18x + 0.027xThus, the temperature that achieved the bestWw&R21.7 °C. The
average FCR of the two tanks kept at 21.7 and 22,8espectively, was 0.72 kg feed per kg
gain, a 94% improvement over the treatment kefa7 &8 °C with an average FCR of 1.40 kg - kg
gain® (Table 1.1).

There was no effect of temperature on mortality anerage survival over all tanks was 95.6%.
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Table 1.1: Growth, FCR and feeding intensity ofgoNe dusky kob during a 42-day growth
experiment. T = average water temperature (°C); We,and LO, Le = average weight (g fi$h
length (mm) at the beginning and end of the expeminG = percentage daily growth rate (%
body weight &); FCR = food conversion ratio; dL = daily lengtitiease (mm8; FI = feeding

intensity (% body weight Y; S = survival (%). Errors are standard deviatibthe mean.

T WO We LO Le G FCR dL FI S

175 23.7¥29 37.2+7.1 112+4.429+78 1.1 139 04 15 100

175 23.6x2.4 39.7+6.7 113+4.432+75 13 141 05 1.8 100

19.5 23.7¥25 39.8+6.3 113#4.234+58 13 178 05 2.3 95.6

19.7 23.7¥2.4 45.6%x7.1 114+4.940+7.0 16 102 0.6 1.6 100

19.8 23.8+2.6 45.0+7.3 113+4.437+7.9 16 0.86 0.6 1.3 100

21.1 23.6£3.0 46.338.3 113+4.241+8.3 1.7 096 0.7 1.6 956

21.7 23.7#29 49.6x7.4 113+5141+7.7 1.8 091 0.7 1.7 100

21.8 23.5#2.9 49.4+78 112+4.842+76 1.8 053 0.7 1.0 100

242 23.8+1.9 59.846.6 113+3.d52+6.1 2.3 092 09 21 956

243 23.7#2.7 51.0x14.4 114+6.347+10.7 1.9 1.34 0.8 2.5 100

254 23.7#25 53.949.4 113+4.7147+95 2.0 1.08 0.8 2.2 100

259 23.8+#2.7 56.049.0 114+5849+9.2 21 123 08 26 0913

27.1 23.7#2.8 50.5+8.01 112+5.045+#86 19 165 0.8 3.0 913

28.5 23.7+2.2 48.8+13.6 113+4.443+142 1.8 3.03 0.7 54 69
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Discussion

This study identified the optimal temperature foowgth and best FCR of juvenile dusky kob

reared under conditions when food supply was reitioted.

Juvenile dusky kob grew fastest between 24 andQ@B®rnatzeder (2005) suggested that the
thermal preference of South African hatchery-reajedenile dusky kob was within the

temperature range of 25 - 26.4 °C. The similarity results illustrates that behavioural
thermoregulation observed in a thermal gradientlccdee used to estimate the optimum
temperature for growth of dusky kob, but that terapee preference was higher than the

temperature required for best FCR.

The optimal temperature for growth of dusky kobrfdun this study falls within the temperature
range of their natural distribution. Juveniles bé tsize used in this study are predominantly
found in the upper reaches of estuaries in the wamperate and subtropical region of the east
coast of South Africa (Griffiths 1996). Temperatuia these estuaries range from 12 - 28 °C
depending on the season (Whitfield 1998).

The specific growth rate of 2.05% per day achigwgguvenileA. japonicus (initial weight 23.7

g fish') in this study compares to that of another scihespecies,Pseudosciaena crocea
Richardson 1846 (initial weight 17.82 g fi§h that grew at a rate of up to 1.94% per day
(Qinghui et al. 2006). This growth rate is however, lower thant tteaund for juvenileLates
calcarifer (initial weight 40 g fisH) which had a specific growth rate of up to 4.1% gay
(Katersky & Carter 2005).

The high survival of 95.6% is similar to the 96%ifol inL. calcarifer (Katersky & Carter 2005)
and the 85 - 98% iR. crocea (Qinghuiet al. 2006) of similar size. These similarities to well-

established aquaculture species sugges®thaponicusis a promising aquaculture candidate.

The temperature at which food conversion efficiem@s maximised, i.e,,at the lowest FCR,
was lower than the optimal temperature for grov@mmilarly, a study on European sea bass
Dicentrarchus labrax L. 1758 showed that the optimal temperature fawgn (26 °C), was
higher than the temperature for best FCR (23.9(R@yson-Le Ruye¢t al. 2004). Growth in
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fishes is generally maximised at a higher tempeeativan food conversion efficiency (Jobling
1996, Deacon 1997, Van Hast al. 2003) due to two factors. First, as water tempeeat
increases, oxygen solubility in the water decreasks decrease in oxygen availability results
in an increased energy requirement for ventilatowl hence an increased total maintenance
energy requirement (Jobling 1996). The increasethter@ance energy expenditure reduces the
proportion of energy available for growth, thusueitdg the food conversion efficiency (Larsson
& Berglund 2005). Second, as temperature increasesjoes ingestion rate due to a higher
metabolic requirement (Jobling 1996). The incredsed uptake can correspond to a decrease in
the efficiency of feed absorption of up to 15% itl 1982, Jobling 1994). This was also seen in
the present study in which there was a positivedinrelationship between temperature and

feeding intensity.

The South African mariculture industry may use tésults from this study as a guideline for
dusky kob farming operations. By keeping the terapge between the optimal temperature for
growth (25.3 °C) and the optimal temperature fedfag efficiency (21.7 °C), farmers are likely

to minimize the cost of feeding with little negaieffect on growth.

Determination of the temperature range that doédéima growth of dusky kob is a prerequisite
for the assessment of the relationship betweenthramd other environmental variables such as
light intensity, feeding regime and stocking densiConsequently, future experiments to
determine the levels of those variables that maengrowth of dusky kob should be conducted
at 24 - 26 °C.
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CHAPTER 3

THE EFFECT OF LIGHT INTENSITY AND FEEDING METHOD ON GROWTH OF
JUVENILE DUSKY KOB ARGYROSOMUS JAPONICUS

Introduction

The South African mariculture industry is investigg the farming potential of dusky koh
japonicus. This requires research to establish rearing podoaimed at maximising fish growth
and profit. In this context, the effect of lightteémsity on growth of juvenile dusky kob under

culture conditions has not been investigated.

Juvenile dusky kob of about 30 mm total length miove estuaries where they remain until they
have grown to a length of about 150 mm (Griffitt#9@). In South Africa, juvenile dusky kob
appear to be more abundant in turbid estuaries fréshwater influx than in clear, marine-
dominated estuaries (Ter Morshuizetral. 1996). For example, juvenils. japonicus were not
recorded in the non-turbid South African Swartded Knysna estuaries even though they fall
within their natural distribution (Whitfield & KokL992). Abundance of dusky kob may be
influenced by temperature, salinity, food supplyd aurbidity with the latter influencing light
intensity. Many fish species need a minimum lightensity to develop and grow. Below this
level, feeding and spontaneous swimming do not o¢Blaxter 1968). The effect of light
intensity on growth in fish needs to be studied@falet al. 1997, Boeuf & Le Bail 1999), in
particular its importance for the culture of juMendusky kob as they are abundant in turbid
estuaries (Ter Morshuizest al. 1996). Turbidity can reduce light penetration imtater, thus
creating an environment different from that expeeezl by the fish under culture conditions in

mechanically filtered clear water.

Visually oriented species may defend a territoryreanactively under high light intensity than
under dark conditions and may become less aggeesaw light intensity decreases
(Valdimarsson & Metcalfe 2001). Depending on spe@ad rearing conditions, light intensity
may moderate both the stress response of cultisiedBoeuf & Le Bail 1999) and their activity

level (Reynolds & Casterlin 1976). An example is thvel of swimming activity, territoriality

17



and cannibalism irClarias gariepinus (Burchell 1822) (Almazan-Ruede al. 2004). Since
energy requirement in fish is directly related tai\aty, the effect of light intensity on growth
and FCR (FCR) of aquaculture candidate specieslghoel tested under culture conditions
(Deacon 1997).

Light is a directive factor (Fry 1971) as it camsilate behavioural responses such as feeding
activity. Light intensity influenced feeding behaur of larval marine fish (Blaxter 1986, Batty
1987, Puvanendran & Brown 1998, Downing & Litvak9®9 but more studies are needed to
understand the importance of light intensity foe fieeding behaviour of juvenile marine fish
species that spend parts of their life in estuaBesh a study should include testing the effect of
light intensity at two feeding methods in orderesiablish whether light intensity may have an

effect on feeding behaviour, fish metabolism othbot

The aim of this study was to test the effect ofhage light intensity levels, and b) the combined
effect of two light intensities at two feeding metls on growth, condition factor, FCR and

survival of juvenile dusky kob in a 56-day experithe

M aterials and methods

Captive-bred juvenileA. japonicus were transported from Espadon Marine Hatchery in
Hermanus (Western Cape, South Africa) to the departal hatchery and acclimated to a closed
recirculation system for 14 days. This system ciedi of fifteen 100-L (0.44 x 0.50 x 0.45 m)
green plastic tanks with a water flow rate of 158™L.tank®. The tank effluent passed through a
100-L sand filter, a 200-L biological trickle filteand a counter-current foam-fractionator. A
100-L tank filled with crushed oyster shell was edldn-situ to buffer water pH. Each fish tank
was stocked with 11 fish (average weight 7.2 +d fish'). Tanks were cleaned by scrubbing

algae off the tank walls and siphoning debris tvdady.

Twice weekly total ammonia-nitrogen and nitrite centrations were determined

photometrically using a spectrophotometer (Hach)Ladcording to methods analogous to EPA
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354.1, US Standard Methods 4500-N02- B, and EN 26/spectively. Un-ionised ammonia
did not exceed 0.01 mg'iand nitrite did not exceed 0.09 mg.L

Water temperature was maintained at 25.8 £+ 0.3°Galdy2 kW thermostatically controlled
heater. This temperature was selected as it fallsirwvthe range reported for the optimal
temperature for growth (Collett al. 2008a) and the thermal preference (Bernatzederi& B
2007) of juvenile dusky kob. Room temperature wamiained at 20 °C with two wall-mounted

room air conditioners.

Light was provided by ten 1.5-m Biolux® fluorescéubes situated 1.3 m above the tanks and
the light intensity in each tank was controlledngsishade net covers. Light intensity was
measured at the water surface with a LX 101 di¢jgak meter. Light-dark cycle was maintained
at a 12L.:12D program by a timer-switch. Water wasated with airstones connected to an oil-
free rotary blower to maintain at least 5 mg dissolved oxygen. Salinity was kept at 357 L

through the addition of freshwater.

To address objective b) fish were fed twice daibcading to two feeding methods, i.e.,
apparent satiation and at a restricted ration ofcf%ody weight @& at a low and a high light
intensity. Satiation was assumed when pellets tbathed the bottom of the tank were not
immediately eaten. Tank covers were removed ddgading. Food containers were assigned to
each tank and weighed weekly to determine the amoiufood fed. The restricted ration was
determined according to the growth of the fishreated from the previous growth period. As
growth projection was an estimate, the feedingnisity as percentage body weight was
calculated at the end of the growth period. Onaye, fish realised a feeding intensity of 3.6%
body weight d.

The diet was a 1.8-mm pelleted feed (450 ¢ kmude protein, 140 g Kgcrude lipids, 40 g K§
crude fibre, less than 100 g kgsh and less than 100 g “kgnoisture, by Indian Ocean
Aquafeeds Ltd., Johannesburg, South Africa).

Every 14 days all fish were purged for 24 hours amdesthetised with 0.2 mL™L2-

phenoxyethanol. The standard length of each fish determined using a measuring board with
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an accuracy of 1 mm. All fish were weighed indivatly at a precision of 0.1 g by placing them

in a shallow dish containing seawater on a diditdhnce.

Experimental design

The effect of light intensity on growth, FCR and\sual was assessed at three light intensity
levels. The ranges were 23-34 (low), 163-204 (mmdliand 270-315 (high) lux, respectively,
and fish were fed to apparent satiation twice daily

The combined effect of light intensity and feedimgthod was tested using a factorial study
testing the two light intensity ranges of 23-34aixd 270-315 Ix, each at two feeding methods,
i.e., a daily ration of 3.6% of body weight fedtimo equal portions, and feeding fish to apparent

satiation twice daily, respectively.

Data analysis

Percentage daily weight gain was calculated usirddrmula: G = (WWe)**?-1)-100; where
G = percentage daily weight gaino\Whd We = average weight of fish (g fi$tin a tank at the
beginning and end of a growth period, respectivahd t = time in days of the growth period.
Length gain was expressed as the average increagank during a growth period. FCR was
calculated by dividing the mass of dry food fed fighn, by the wet weight gain per fish in each
tank for that feeding period. The condition fact@F) of each fish was calculated as
CF = (W L® - 106; where W is the weight (g fiShand L the length (mm fish.

Within-subjects analysis of variance was used topare the average values of the dependent
variables over time. These variables were dailg@aiage growth rate, length gain and FCR for
each 14-day growth period. There were three rejlécaf the medium light intensity treatment

and six replicates of the high and low light iniengreatments, respectively.

To test the effect of light intensity, low, mediuamd high light intensity treatments were
compared using one-way analysis of variance wigeaged measures. A 2x2 factorial within-
subjects analysis of variance was used to tesh®omain effects ‘light intensity’ (low and high)

and ‘feeding method’ (satiation and restricted) &meir interaction. In this study, treatments
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were done in triplicate. For all tests, an erroreleof 5% (p<0.05) was selected to detect

significant differences between treatments.
Results
All fish survived the experiment.

Light intensity had no significant effect on growtite (kg 4s= 1.36, p = 0.29); length gaingks

= 1.49, p = 0.26); FCR §F3s = 0.07, p = 0.93) and condition factorg(lg= 1.50, p = 0.26)
(Table 2.1). During the 56-day study, average We&ight increased from 7.2 + 1.6 to 41.9 £ 10.2
g fish' at a growth rate (G) of 3.25% of body mass per (fgure 2.1). Total fish length
increased at a rate of 1.05 mm daffCR values averaged 1.39 + 0.47 over the 56-tajys
period.

Table 2.1: The effect of three light intensity raagn fish growth over a 56-day growth trial:
Length andA Weight = average length gain (mm fi§fand weight gain (g fishover the 56-day
period; CF = condition factor, G = growth rate (%dy weight d'); FCR = feed conversion
ratio; FI = feeding intensity (% body weight')Xd Errors are standard deviation of the mean.
Superscript letters indicate significant differemtetween treatment means

Light intensity A Length A Weight CF G FCR Fl

Low (23-34 Ix) 58.9+3.7a 34.4+3.2b 1.65+0.1c 3.31d.40+0.50e 4.52f

Medium (160-204 Ix) 58.6+2.4a 35.5+1.3b 1.62+0.1c.24d 1.43+0.39e 4.54f

High (270-315 Ix) 59.2+3.8a 34.6£2.8b 1.65+0.1c 08.2 1.36+0.49e 4.43f
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Figure 2.1: Average weight (g fidh of juvenile A. japonicus kept at three light intensities

during a 56-day experiment. Vertical bars are wieidlstandard deviations of the mean.

Factorial analysis of variance showed that neitightt intensity (k. s = 0.006, p = 0.94) nor
feeding method (Fs = 2.3, p = 0.16) affected growth rate significgnéind there was no
significant interaction between these two main&f€h s= 0.03, p = 0.86) (Table 2.2).
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Table 2.2: The effect of two feeding methods ahhagd low light intensities on growth over a
56-day growth trial: Satiation ration = appareniaen twice daily, restricted ration = 4% of
body weight d divided into two portions, dL and dW = averagegién(mm fish") and weight
increase (g fish), over the 56-day period; C = condition factor=@ercentage daily growth rate
(% body weight &); FCR = food conversion ratio; FI = feeding intiéyn$% body weight ).

Errors are standard deviation of the mean. Supptsetters indicate significant differences.

Ration dL daw C G FCR Fi
Satiation 61.1+3.5a 35.8+3.3b 1.63+0.1c 3.29d H06BGe 5.09¢g
Restricted 57.0+25a 33.2+1.7b 1.66+0.1c 3.19d AWBf 3.61h

Average FCR-values were significantly better irhffed a ration than in those fed to satiation
(F1,8=70.1, p = 0.003) (Figure 2.2). These fish hd@% better FCR than those fed to satiation.
There was no significant interaction between the twain effects feeding method and light
intensity (k,s=0.083, p = 0.78).
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Figure 2.2: Average FCR (kg feed kg weight daiof juvenileA. japonicus kept at low (23 —
34 Ix) and high (270 — 315 Ix) light intensitiesdanvo feeding methods during a 56-day growth
experiment. Satiation = fish fed to apparent satiatwice daily, restricted ration = 4% body

weight d* divided into two portions. Vertical bars indicagmge of data set.

Discussion

This is the first study to test a) the effect gfhli intensity and b) the combined effect of light
intensity and feeding method on the growth of Sdftican juvenile dusky kob. Light intensity
ranging from 23 to 321 Ix and feeding method did imfluence growth. However, FCR was

significantly better in fish fed a restricted daifjtion than in those fed to satiation.

Few studies have determined the effect of lighensity on growth of juvenile marine or
estuarine fish species and the results of theshestisuggest that the effects vary according to

species. Light intensity had no effect on growthusknile salmors. salar (L. 1758) within the
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range of 27-715 Ix (Stefanssetnal. 1993), but Wallacet al. (1988) observed better growth in
juveniles (0.7 g fistl) of this species at 700 Ix than at 200, 50 antk1Dight intensity affected
growth and survival of juvenile spotted grunter commersonnii (Lacepéde 1801) (Deacon
1997), a South African estuarine-dependent spgtidstfield 1998). Mortality was higher and
growth rate was lower at the lowest light intengi2y32 x 10-4 pE.séccnf) than at both the
intermediate (1.95 x 1D uE.se€.cn?) and high (6.31 x I pE.set.cnf) level. Condition
factor was best at the intermediate light intensi#gd FCR-values did not differ between
treatments (Deacon 1997). The units of light isignused by Deacon (1997) cannot be

converted to lux but were similar to those testethis study.

Boeuf & Le Bail (1999) suggested that a high ligitensity may be stressful or lethal to some
fish species in captivity due to its effect on babar. African catfishC. gariepinus, for
example, spent more time swimming at high lighemsity (150 Ix) than at a low light level of
15 Ix (Almazan-Ruedat al. 2004). Observations made in this study sugges$taddusky kob
exhibit cover-seeking behaviour at a high lighemgity, but behavioural differences between
treatments were not quantified. However, as theas mo difference in growth, any changes in
behaviour may not affect the aquaculture potentiajuvenile dusky kob within the light
intensity ranges tested here. There was also fiereliice in growth of dusky kob between the
two feeding methods. This suggests that, unliksturdies on larval fishes (Blaxter 1986, Batty
1987, Puvanendran & Brown 1998, Downing & Litvakd®9 light intensity did not influence

feeding behaviour and growth of juvenile dusky kob.

Fish that were fed to satiation consumed more thad those receiving a ration of 3.6% body
mass . It is thus hypothesised that under conditionsretieod supply is not limited, fish will
consume more food than they require while usingdie¢ less efficiently (Jobling 1994). An
increase in feed uptake may reduce FCR for twooreasFirst, an increased rate of ingestion
reduces gut evacuation time, thereby reducing abisarof nutrients and increasing nutrient loss
in faeces (Jobling 1994). Second, feeding resnlts post-prandial increase in metabolic rate of
two to three times the pre-prandial level. Larggors extend the time that metabolic rate
remains elevated above the pre-prandial level i{[@Ig@bl994). This leads to a high energy
requirement for metabolism, reducing FCR. Europsea bas®. labrax (L. 1758) fed at a
ration of 4.5% body mass'dhowed poorer FCR than those fed at 3.1% body diagBaspatis
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et al. 1999). The better FCR in fish fed a restrictedorain the current study suggests that a
ration of 3.6 % of body mass*dllowed good growth and FCR of juvenile dusky kob.

In conclusion, light intensity did not affect grdwtate, condition factor or FCR of juvenite
japonicus. Thus, although juvenile wild dusky kob appearedptefer turbid estuaries (Ter
Morshuizenet al. 1996) a light intensity range of 23 to 315 Ix nmt have a negative effect on
performance of kob under culture conditions.
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CHAPTER 4

THE EFFECT OF FEEDING REGIMEN ON GROWTH AND FEED CONVERSION RATIO OF
JUVENILE DUSKY KOB ARGYROSOMUS JAPONICUS

Introduction

Dusky kobA japonicus (family: Sciaenidae) is a South African maricuif@wpecies. Collett al.
(2008a) determined the best temperature rangertwtly and feed conversion ratio, but the
effect of feeding rate and feeding frequency orwginoof kob under aquaculture conditions
requires further research. Inefficient feeding @ profit in intensive aquaculture (Goddard
1996), and food intake is an important variabletadling fish growth and metabolism (Fry
1971, Brett 1979).

Fish require a species and size-specific dailpnafior maximum growth (Chua & Teng 1982). If
the daily ration cannot be provided in one feedihgre is a need to determine the minimum
species-specific feeding frequency required to echithe daily ration and hence best growth
(Deacon 1997). However, increasing the feedinguieeqy above the level of the required daily
food intake may not improve growth and may redusedfconversion ratio (FCR) (Brett &
Groves 1979, Jobling 1994). The best feeding regirme¢he lowest feeding frequency at which
the daily ration can be provided without reducimgvgh or FCR (Chua & Teng 1982).

Daniel (2004) investigated the effect of feedinggirency and feeding intensity on growth of
wild-caught juvenileA. japonicus (34.6 + 17.3 g fisfi) kept at 18.9 + 3.9C. Fish fed once daily
grew slower than those fed more often and it walcmled that juvenild. japonicus should be
fed twice daily (09:00 and 18:00) at 4% body weigét day. However, since the temperature for
best growth of juvenilé\. japonicus has been suggested to be between 24 an@ Z€ollett et

al. 2008a), growth and metabolism of dusky kob mayehbeen reduced due to the low
temperature used by Daniel (2004). In this studyenileA. japonicus that had been spawned in

a hatchery were grown within the temperature rdmgavn to maximise growth.
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The feeding regimen required for maximum growth besn determined in related fish species.
Red drumS ocellatus, also a sciaenid species, is cultured on the JrStates east coast (Lee &
Ostrowski 2001) and in China (Hong & Zhang 2008)ehileS ocellatus (7.7 g fish") should

be fed 5 to 6% body weight per day in two mealsr(nmg and evening) (McGoogan & Gatlin
1999). Juvenile spotted gruntBr commersonnii occur in South African estuaries (Whitfield
1998). Deacon (1997) recommended feeding juvepitétad grunter (4.2 g fish at 3.6% body
weight per day over two feedings per day (morning avening) in order to optimise FCR,
growth and condition factor.

The aim of this study was to test the effect oflfeg frequency and feeding intensity on growth,
FCR, condition factor and survival of hatchery-szhjuvenileA. japonicus cultured within their
recommended temperature range.

M ethods and materials

Juvenile A. japonicus were obtained from Espadon Marine Pty. Ltd. in rai@nus (Western
Cape, South Africa). Fish were acclimated to thpeexmental facility for 14 days prior to the
experiment. This system consisted of sixteen 1q0-#4 x 0.50 x 0.45 m) green plastic tanks
connected through one filtration system as desdribeCollett et al. 2008a. Each tank was
stocked with 20 fish (average weight + SD: 7.5@&( fish?).

Twice weekly total ammonia-nitrogen and nitrite centrations were determined using a
spectrophotometer (Hach Ltd.) according to methaaalogous to EPA 354.1, US Standard
Methods 4500-NO2- B, and EN 26777. Un-ionised amimdid not exceed 0.03 mg'LN and
nitrite did not exceed 0.5 mg'LN. Once a week 50% of the system water was exauanith

seawater to control the nitrate level.

Water temperature was maintained at 24.8 £°QC6by a 1.2-kW thermostatically controlled
heater. This temperature falls within the rangeoreu for the best temperature for growth
(Collett et al. 2008a) and the thermal preference (Bernatzederri& B007) of juvenileA.

28



japonicus. Room temperature was maintained at °ZD with two wall-mounted room air

conditioners.

Light was provided by ten 1.5-m Biolux® fluorescémbes placed 1.3 m above the tanks. Light-
dark sequence was maintained at a 12L:12D cycla byner-switch. Water was aerated with
airstones connected to an oil-free rotary blowemaintain at least 5 mgLdissolved oxygen.

Salinity was kept at 35 g'tthrough the addition of freshwater.

Depending on the treatment, fish were fed eitheesricted ration three times daily or to
apparent satiation once, twice or three times da&lgtiation was assumed when pellets that
reached the bottom of the tank were not immediatatgn. The amount of food fed per tank was
recorded weekly. When feeding the restricted ratibe feeding intensity of 4% of body weight
per day was calculated according to the growthheffish estimated from the previous growth
period. As growth projection was an estimate, fegdntensity was determined at the end of the
growth period based on the growth rate of the &stl the feed conversion ratio for each tank.

Feeding intensity for the restricted ration treattreeveraged 3.4% body weight per day.

The diet was a 1.8-mm pelleted feed manufacturedindian Ocean Aquafeeds Ltd.,
Johannesburg, South Africa. It contained 450 § &qude protein, 140 g Kgcrude lipids, 40 g
kg crude fibre, less than 100 gkgsh and less than 100 g'kmoisture.

Every 14 days all fish were purged for 24 hours amdesthetised with 0.2 mL™*L2-
phenoxyethanol. The standard length of each fish determined using a measuring board with
an accuracy of 1 mm. All fish were weighed indivatly at a precision of 0.1 g by placing them

in a shallow dish containing seawater on a diditdhnce.

Experimental design and data analysis

The effect of feeding frequency and feeding intgnsn growth, FCR, condition factor and
survival was tested using four feeding regimenssehwere a restricted ration fed three times
daily and apparent satiation at three feeding fegies. There were four replicates per
treatment. Fish fed once daily were fed at 08:B0r fed twice daily were fed at 08:00 and 16:00
and fish fed three times daily were fed at 08:@00Q and 16:00.
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Percentage daily weight gain was calculated udiegformula: G = (We/\g) HD)1) . 100;
where G = percentage daily weight gair &id We = average weight of fish (g fi§tin a tank

at the beginning and end of a growth period, respsyg, and t = time of the growth period
(days). FCR was calculated by dividing the masdrgffood fed per fish by the wet weight gain
per fish in each tank for that feeding period. Fegdntensity (FI) was calculated as FI = FCR -
G. Condition factor (C) of each fish was determifredn its weight (W) (g fist) and length (L)
(mm) using the formula C = (W) - 105.

Within-subjects ANOVA (Ott 1988) was used to congp#ire average values for the length and
weight gain per tank over time. Percentage daibywin rate, condition factor, FCR and feeding
intensity over the 42-day period were compared gisinone-way ANOVA and differences

among the means were tested using Tukey's MulRalege Test. For all tests, an error level of

5% (P < 0.05) was selected to test for significhfierences between treatments.

Piecewise linear regression was used to model ¢lsionship between FCR and feeding

intensity by using average values for the expertaigreriod for each of the 16 tanks. Residuals
were normally distributed and the coefficient ofretation was higher than that obtained from a
linear least-squares regression model, a polynomidel, or an exponential function. The

regression analysis estimated a breakpoint feadtegsity and provided two models. At feeding

intensities below the breakpoint (FI < 3.85) theses no relationship between FCR and feeding
intensity, while there was a significant slope ofeast-square linear model using the values
above the breakpoint (FI > 3.85).

Results

Fish fed once daily had the lowest weight gain (Fég3.1) and length gain over timey (k =
19.83, P < 0.01, anth = 16.18, P < 0.001, respectively; within-subje&dOVA). Percentage
daily growth rate of fish fed once daily (Table 3vlas lower than in each of the treatments in
which fish were fed more than once daily; (R = 18.24, P < 0.001, ANOVA) with no
differences between the other three treatments. Wa&Rsignificantly better in the treatment fed
the restricted ration gF1, = 19.39, P < 0.001, ANOVA) than in any of the treants fed to
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apparent satiation. However, average FCR did nidéérdbetween treatments fed to apparent
satiation once or twice daily, and it was worsfigh fed to apparent satiation three times daily
(Table 3.1). Feeding intensity did not differ beémehe treatment fed the restricted ration three
times daily and the treatment fed to apparent tsatiaonce daily. Treatments fed to apparent
satiation twice or three times daily differed frarach other with the latter having the highest
feeding intensity. These two treatments had a hifgeding intensity (f12= 68.41, P < 0.001,
ANOVA) than those fed to apparent satiation oncaéyda a restricted ration three times daily
(Table 3.1). There was no difference in conditiantér between any of the treatments (=
0.37, P =0.774, ANOVA).
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Figure 3.1. Average weight (g fidhof juvenile A. japonicus fed at four feeding regimens

during a 42-day experiment. Vertical bars are wedistandard deviations of the mean.

31



Table 3.1. The effect of four feeding methods @ fiyrowth during a 42-day growth trial: dL

and dW = average length gain (mm fihand weight gain (g fish), respectively, over the

experimental period; C = condition factor, G = gtwate (% body weight per day); FCR = feed

conversion ratio; Fl = feeding intensity (% bodyigi# per day). There was no fish mortality in

this study. Errors are standard deviation of theammeDifferent superscript letters within a

column indicate significant differences betweemtmgent means.

Feeding method dL dw

FCR FI

3 x daily, 4% BW 48.8+12 26.6+1.3c

1 x daily, satiation 37.9+6°2 18.2+3.2d

2 x daily, satiation 47.4+130 24.6+0.9c

3 x daily, satiation 49.5+0%6 26.8+0.6¢C

1.74+0.05e

1.73+0.05e

1.71+0.02e

1.74+0.05e

3.75+0.10f

3.02+0.30g

3.61+0.09f

3.76+0.04f

0.91+0.04h  3.406K.

1.09+0.10i  3.284K.

1.10+£0.07i  3.96F0.

1.31+0.08] 4.928t

Below a feeding intensity of 3.85% body weight pay there was no significant relationship

between Fl and FCR (P = 0.3270.16, least square regression). At feeding bities between
3.85 and 5.15% of body weight per day, FCR wadedl#o feeding intensity (FI), i.e.: FCR =
0.18 + 0.23 FI (P = 0.01% & 0.96, least-square linear regression) (Figu2g 3.
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Figure 3.2. The effect of feeding intensity (F,% body weight per day, on food conversion
ratio (FCR). The regression line at Fl-values ab8W5 indicates a significant relationship
between the two variables (FCR = 0.18 + 0.23 ¥+ 0.96). At feeding intensity levels below
3.85% there was no significant relationship betwB&R and feeding intensity (p = 0.33,=
0.16).

Discussion

Feeding frequency had a significant effect on ghotate, FCR and feeding intensity of juvenile
A. japonicus. Fish fed once per day grew slower than thoseriece than once per day. There
was no significant difference in growth betweeratneents in which fish were fed more than
once per day, but the fish fed a restricted rahiad a lower feeding intensity and a better FCR

than those fed to apparent satiation more than peceday. Thus, fish fed a restricted ration
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consumed less food in percentage body weight pethdan those fed to apparent satiation, but

did not grow slower.

Of the treatments in which fish were fed to appasatiation, those fed twice or three times
daily consumed more food than those fed once diitjividual meal size must, however have
been disproportionately smaller in fish fed moextrently because the feeding intensity of fish
fed twice and three times daily was only 20% anéo5freater, respectively, than in fish fed
once daily. Frequent feeding can reduce gut evexuditne, thus decreasing the efficiency of
feed absorption (Elliott 1982, Liu & Liao 1999) lop to 15% (Jobling 1994). Therefore, it is
recommended to determine the lowest feeding freguehat achieves a feeding intensity
sufficiently high to produce good growth withouadkng to a lowering of the FCR. In this study,
fish fed the restricted ration three times dailgwgrat the same rate as treatments fed to apparent
satiation twice daily. However, the former treatinead a 16% lower feeding intensity and a
20% better FCR than the latter.

As feeding intensity increased above 3.85% bodygkteper day, food conversion efficiency
decreased linearly. Thus, to achieve good food emn, the feeding intensity for juvenie
japonicus within a size range of 7.5 — 35.0 g fiskhould not be higher than 3.85% body weight
per day. Similarly Colletet al. 2008b showed that good growth and FCR were actii@ave
juvenile A. japonicus under culture conditions comparable to this stadg restricted ration of

3.6% body weight per day.

Limiting the fish to one feeding per day resultadai 24% reduction in growth rate and a 20%
increase in FCR relative to feeding the restriatation three times daily. Therefore, in this
species, the effect of feeding frequency on growéis not only a function of food intake, as
suggested by Chua & Teng (1982), but of both tHecefof food deprivation time and the
guantity of food that can be efficiently metabotidey the fish from a single feeding. The low
growth rate of fish fed once daily suggests thdba deprivation time of 24 hours reduces
growth despite a daily food intake similar to tbathe restricted ration treatment. The similarity
in growth rate of fish fed twice or three timeslgauggests that a short-term food deprivation of

less than eight daylight hours does not reduce tiroffish fed to apparent satiation. Therefore
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juvenile A. japonicus within the size range tested here should be ferkrtitan once daily at a

minimum feeding intensity of 3.4% body weight payd

The suggestions from the current study are simdahose made by Daniel (2004) who tested
growth at a lower temperature but concluded thatniue dusky kob should be fed twice daily at
an interval of nine hours to 4% body weight per.ddgwever, growth rate and FCR in the
current study were 2.5 and 2 fold better than threperted by Daniel (2004). The daily feed
requirement of juvenilé. japonicus was lower than in juvenils. ocellatus (7.7 g fish') fed at 5

to 6% body weight per day, (McGoogan & Gatlin 19883 similar to that required by juvenile

P. commersonnii (4.2 g fisht) of 3.6% body weight per day (Deacon 1997).

The improved FCR in the treatment fed a restric&idn relative to fish fed to apparent satiation
has applications for industry. Feeding accordinglémand or allowing unrestricted access to
food may reduce feed conversion efficiency and @encrease cost of production. In addition,
the determination of a feeding method that allowast fgrowth of juvenileA. japonicus is
important for the design of experiments on thiscg®eas the effect on growth of environmental
variables such as population density should bedeat rearing conditions allowing maximum
growth.
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CHAPTER 5

THE EFFECT OF CROWDING DENSITY ON GROWTH AND FOOD CONVERSION RATIO
OF JUVENILE DUSKY KOB ARGYROSOMUS JAPONICUS

Introduction

Fish stocking density influences survival, growdlggressive and feeding behaviour, and health
of farmed fish (Rowlanett al. 2006), but stocking density requirements vary ddpey on the

fish species, fish size and culture method (Begerid002). Thus, the effect of stocking density
on growth, survival and feed conversion ratio ngedse determined for each species to enable

efficient management and maximise production aoditpr

The term stocking density has been used in cororeetith both loading density and crowding
density. Loading density has been expressed inbiemass per unit of water flow rate. It takes
into account the oxygen consumption of the fishcegseand its tolerance to metabolic waste
such as ammonia and carbon dioxide. Crowding dehsis been defined as fish biomass per
unit water volume (Wedemeyer 2000). Of these twaofs loading density is considered the
more important limiting factor for fish productiadue to metabolic requirements, in particular
the need for a constant availability of dissolvegigen (Wedemeyer 2000). However, depending
on the species, intraspecific aggression or temaitdehaviour may limit growth and feed
conversion efficiency independent of loading denskor example, a greater frequency of
‘predator-prey’ interactions as a result of higloveding densities resulted in an increase in
cannibalistic behaviour i@reochromis niloticus (Fessehayet al. 2005), and the development of
a social hierarchy which reduced the feeding rate growth of low-ranking fish ifsalmo salar
(Fenderson & Carpenter 1971). Competitive behavinay reduce feeding rate of subordinate
fish and may lead to a metabolic cost that redgcewith (Brett 1979). The effect of crowding
density on growth and survival of dusky koM, japonicus, under South African production
conditions in closed intensive recirculating systetras not been studied, but it has been
suggested that crowding density influenced canisitiabehaviour in this species (O’Sullivan &
Ryan 2001).
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In Australia, A. japonicus is farmed in intensive systems with densities pfta 25 kg n¥
(O’Sullivan & Dobson 2000, O’Sullivan & Savage 200#h extensive culture in saline ponds
(O’'Sullivan & Ryan 2001), and as part of a lagodack enhancement program (Fielder &
Bardsley 1999).A. japonicus reared in Australia showed no difference in growdte at
crowding densities between 8 and 16 kg, provided good water quality was maintained, while
growth was significantly lower at 4 kghihan at the higher densities (Pirogzal. 2008).

South African kob farmers employ intensively marthlgad-based facilities, and there are plans
to test sea-cage culture methods (Schoonbee & BOK)2 Data from studies testing crowding
density as a growth-influencing factor are needardisiness planning. In addition, while many
studies have tested this and other variables ior¢dbry trials on aquaculture candidate species,
there is a need to establish the importance of diregvdensity on fish production under
commercial conditions (Stickney & Liu 1999, Lee &t@wski 2001) and hence produce results

applicable to local farming ventures.

This study investigated the effect of crowding dgnsn growth, FCR and survival of juvenile

A. japonicus reared in a closed recirculating system at 10a86,50 kg ri.

M ethods and materials

Juvenile A. japonicus were obtained from Irvin & Johnson (Pty) Ltd. irai@&baai (Western
Cape, South Africa). They were size-graded accgrtbra protocol used by industry. Fish were
acclimated to the experimental tanks for 30 daja po the experiment. The system consisted of
twelve 600-L circular green plastic tanks (radiu6.6 m, height = 0.53 m) with a central drain.
Each tank was stocked with the required numbeishfdf a starting weight of 35.4 + 1.7 g fish
to obtain crowding densities of 10, 30 and 50 kg. fihe flow rate in each tank was set
according to the mass of fish in each tank so asaimtain a loading density of 33 kg fish ®*m
water flow - i, To maintain a constant population density in etmtk, the water level was
adjusted weekly by increasing the height of thetre¢émirain pipe according to the fish biomass
in each tank. Effluent water from all tanks pasgedugh a 3000-L swirl separator, 100-L sand
filter, a 5000-L semi-submerged trickle filter and1000-L counter-current foam fractionator.
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The system operated on a partial recirculation mehand the total volume of the system was

replaced with seawater (35 &)every 30 hours for the duration of the study.

Twice weekly total ammonia-nitrogen and nitrite centrations were determined by the
phenolhypochlorite method of Solorzano (1969) usirspectrophotometer (Biochrom Novaspec
II; Cambridge). Absorbance values were convertedotal ammonia-nitrogen concentrations
using a linear regression model derived from catibn with known concentrations of stock
solutions of ammonium chloride (n = 30 concentrajof = 0.95). Using water pH, water
temperature and salinity the concentration ofsMHwas calculated according to Bower and
Bidwell (1978). Nitrite concentrations were detaned according to methods analogous to EPA
354.1, US Standard Methods 4500-N®, and EN 26777. NEHN values did not exceed 0.035
mg L* and nitrite values did not exceed 0.2 mfNO,-N.

Water temperature was maintained at 24.5 + 0.6°Ghbge thermostatically controlled 3-kW

immersion heaters (Metalquip: Hot Rod) placed ie Hwirl separator. This temperature falls
within the range reported for the best temperaimrgrowth (Collettet al. 2008) and the thermal

preference (Bernatzeder & Britz 2007) of juveniejaponicus. The system was housed in a
greenhouse building with asbestos roofing altengatvith transparent roofing sheets to allow
natural light penetration. Room temperature flustumat night was reduced by twelve 500-W
wall-mounted panel-heaters. Oxygen was supplieautiir a diffuser into each tank fed from an
oxygen cylinder. Oxygen flow rate was adjusteddach tank in an attempt to keep dissolved

oxygen concentration equal in all tanks.

Fish were fed a daily ration of 4% body mass digid#o three portions as suggested by Collett
et al. (2008c). The ration was calculated according togtwvth of the fish estimated from the
previous growth period. As growth projection waseatimate, feeding intensity was determined
at the end of the growth period based on the groatth of the fish and the feed conversion rate
for each tank. Feeding intensity for the 40-daylgtaveraged 3.1% body mass da¥he diet
was a 3-mm pelleted feed by Indian Ocean Aquafédds Johannesburg, South Africa. It
contained 450 g khcrude protein, 140 g Kgcrude lipids, 40 g k§crude fibre, less than 100 g
kg® crude ash and less than 100 ¢ kgoisture.
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Every 14 days all fish were purged for 24 hours 88dandomly selected fish per tank were
removed and anaesthetised with 0.1 mt.2-phenoxyethanol. The standard length of each fish
was determined using a measuring board with anracgwf 1 mm. Each fish was weighed at a

precision of 0.1 g by placing them on a digitaldmale in a dish containing seawater.

Experimental design and data analysis

Percentage daily weight gain was calculated udiegformula: G = ((WW,) Y1) . 100;
where G = percentage daily weight gain, 8%d W = average weight of sampled fish (g ff$h

in a tank at the beginning and end of a growthgagnespectively, and t = time in days of the
growth period. FCR was calculated by dividing thasshof dry food fed per fish by the average
wet weight gain per fish in each tank for that fegdperiod. Feeding intensity (FI) was
calculated as FI = FCR - G. Condition factor (Cyhef sampled fish was determined from their
weight (W) (g fish') and length (L) (mm) using the formula C = (W)L 10.

Within-subjects analysis of variance was used basethe average values for the length and
weight gain per tank over time (Ott 1988) at foaplicates per density treatment. Percentage
daily growth rate, condition factor, FCR, feedimgeinsity, water quality and dissolved oxygen
concentration for the 40-day period were compardgua one-way ANOVA and differences
between means were analysed using Tukey's MulfRaege Test. Percentage mortality values
were compared between treatments using a KruskdlsWeNOVA by tank test. For all tests,
equality of variance and normal distribution ofidesis were tested and an error level of 5% (P
< 0.05) was selected to test for significant défezes between treatments. Errors are given as

standard deviations of the mean.

Results

Crowding density had no significant effect on weighin (5 27 = 1.24, p = 0.33), percentage
daily growth rate (k9= 0.89, p = 0.44), length gainy(k= 1.36, p = 0.30), FCR {/ = 1.02, p
= 0.40) and condition factor { = 0.74, p = 0.51) (Table 4.1). Average fish weigttreased
from 35.5 + 1.2 to 58.8 + 2.1 g fisHFigure 4.1) at a growth rate of 1.3 + 0.2% of pauhss d
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! Average total fish length increased at 0.7 +r@irh d* (Table 4.1). FCR values averaged 2.4 +
0.4 over the 40-day growth period. There was noiggnt difference in feeding intensity g
= 2.96, p = 0.10), percentage mortality,(Ih =3.74, p = 0.15) (Table 4.1) or free-ammonia
nitrogen concentrations {Fs3 = 1.50, p = 0.15) between treatments. There waaeher, a
significant difference in dissolved oxygen concatitn (R, o = 44.51, p < 0.001; 4.1) between

all treatments with oxygen levels decreasing witlreasing crowding density.
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Figure 4.1: Average weight (g fidhof juvenile A. japonicus kept at three crowding densities

during a 40-day experiment. Vertical bars are weidistandard deviations of the mean.
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Table 4.1: The effect of three crowding densitingish growth over a 40-day growth trial: CD =
crowding density treatment; dL and dW = averagegtergain (mm fisi) and weight gain (g
fish™?) over the 40-day period, respectively; CF = conditfactor; G = growth rate (% body
weight d'); FCR = feed conversion ratio; Fl = feeding inign&% body weight &); Survival =
total percentage survival by the end of the stuegiod; @ = dissolved oxygen (mg10,).
Errors are standard deviation of the mean. Supptsetters indicate significant differences

between treatment means.

CD dL dw CF G FCR Fl Survival O

10 kg m® 26.4#2.1 24.1+1.3 1.6#0.1 1.3#0.1 2.3#0.16 3.1+0.1 99.4+0.6 5.3x0%1

30 kgm® 27.5%1.4 24.6+2.9 1.620.1 1.3%0.1 2.3+0.30 3.0+0.1 98.5+0.5 4.7+0"2

50 kg m® 24.8+3.1 21.6+4.3 1.620.1 1.2#0.2 2.6+0.60 3.1+0.1 98.9+0.2 4.4+0°1

Discussion

As crowding densities within the range of 10, 3@ &0 kg nt did not lead to differences in
growth, FCR or survival of juvenil@. japonicus, kob farmers may consider stocking juvenile

fish at 50 kg rit or test higher stocking densities experimentallgaron-farm conditions.

The maximum crowding density tested here was highan that tested previously fek.
japonicus (Pirozziet al. 2008) Tolerance to high crowding densities may be expldiby the
fact thatA. japonicus is a shoaling species (Griffiths 1996) which swaggea preference for high
crowding densities (Brett 1979). Piroztial. (2008) suggested that stocking densities of 4 kg m
% inhibited growth ofA. japonicus, while 8 to 16 kg ni showed similar and faster growth. The
similarity in growth rate at densities between h@ &0 kg n?* and those between the densities
tested by Pirozzet al. (2008) suggests that densities above 50 Kgmay reduce growth in
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dusky kob of the size used in this study. The lmgittcrowding density should be determined in
future on-farm experiments under those husbandnditions considered appropriate for this

species based on the findings obtained in chapterst.

Results from this trial can provide a basis fordsts testing the effect of loading density on
dusky kob growth. Compared to the average oxygeel lat the inflow to the culture tanks, a
loading density of 10 kg thresulted in a constant reduction in dissolved exygf 2.3 mg [*

O, while an increase in crowding density from 10 €@kg mi® and 30 to 50 kg fresulted in
additional oxygen depletion of only 0.56 and 0.8F bt O,, respectively, suggesting a non-
linear relationship. Dissolved oxygen concentratianross all treatments averaged between 4.4
and 5.3 mg L (range: 3.7 to 6.4 mg) depending on crowding density, but as there were
differences between treatments in growth rate dR BCjuvenile kob, it is assumed that oxygen
levels were sufficiently high for to allow good grth. Fitzgibbonet al. (2007) reported no
difference in the standard metabolic rate (SMRaaive metabolic rate (AMR) @&. japonicus
within this range of dissolved oxygen concentratiomowever AMR of juveniléA. japonicus
was significantly increased above the 75% saturdevel. Therefore,A. japonicus should be
cultured at as close to 100% dissolved oxygen atatur as possible to ensure that metabolic rate
and hence growth is not suppressAdjaponicus are reported to tolerate dissolved oxygen
concentrations as low as 1.8 mg D, (Fitzgibbonet al. 2007), which is lower than critical
levels for S ocellatus of 2.2 mg L' O, (Sandiferet al. 1993). This study showed that
japonicus was tolerant of dissolved oxygen concentrationbasas 4.4 mg I* O, without any

negative effects on growth.

The tolerance of juvenil@. japonicus to crowding densities of 50 kg frhas applications for
both industry development and research programbBetermination of the maximum allowable
crowding density defines the maximum weight of fisht can be sustained, and sets the limits at
which no further production is possible (Brett 1R7%his allows the industry to increase
production in a limited culture environment and ¢teenise tank space efficiently. The relevance
of this is thatA. japonicus requires large volumes of water to be heated ¢otéimperature for
best growth (Colletét al. 2008a), hence making efficient use of this watgrarntant.
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For the development of rearing protocols for mdtize, crowding density should not be
limiting when testing the effect on growth of vdolies such as temperature and feeding regime.
Since crowding densities between 10 and 50 K diu not affect growth, researchers can
conduct trials within this a range of crowding déas but dissolved oxygen levels need to be
controlled. Future studies could be designed teerdehe the loading density that ensures

adequate oxygen supply.

Juvenile kob grew at an average rate of 1.3% of/bwdss d. This is slower than growth rates
reported by Colletet al. (2008a) of 2.05% of body mass dnd Collettet al. (2008c) of up to
3.71% of body mass™d In addition, the FCR values for the current staflg.4 were poorer than
the value of 0.91 reported under similar environtakenonditions (Colletit al. 2008c). The
feeding intensity and condition factor were, howewery similar to those in the studies
mentioned above. A possible explanation for difiees between the studies could be the diet.
The feed used in the current study was manufactoyethe same company and had the same
nutritional composition as that used in previousl&s, but it was a 3-mm floating pellet instead
of a 1.8-mm sinking pellet. Future trials aimingcmmpare growth rates between studies should
use the same diets and pellet sizes in all studiesoid speculation over the cause of different

growth rates.

Aggressive behaviour may be density-dependent meséish species such &ilmo salar
(Fenderson & Carpenter 1971) a@thrias gariepinus (Kaiseret al. 1995) and may be reduced
as crowding density increases. Social hierarchigsirwtanks may influence aggression and
suppress normal feeding behaviour (Brett 1979, dfesge et al. 2006). No behavioural
observations were performed but the low mortalityhis experiment and the lack of differences
in mortality between treatments suggest that angsipte density-related change in social
hierarchy did not affect cannibalistic behaviourthermore, the similarity in feeding intensity

between treatments suggests that feeding behavemialso not affected by crowding density.

Culture of fish at a high crowding density may gase the risk of mass mortality in the case of
system failure. For example, neither the inflowoafygen-rich water, nor the use of oxygen
diffusers in the tanks maintained dissolved oxygencentrations above 25% saturation at the

high crowding densities if used in isolation. Theed for good management of water quality, and
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particularly dissolved oxygen, may restrict theeimgive culture oA. japonicus to locations with
access to electricity and artificial aeration féieis. Hence the crowding densities suggested here
may not be applicable to cage-culture operatiorss this would need to be tested in future
studies. The costs of production and maintenahtigeoculture environment must be taken into
account when developing facilities for culture ofky kob. If high crowding densities are to be
employed in aquaculture, culture technology mustopémised and sufficiently reliable to

ensure that farming is economically viable and fis&t survive brief system failures.

In conclusion this study showed that crowding déssiof up to 50 kg M may be employed for
the culture of juvenileA. japonicus of the size range tested here and that dissolxgden
concentrations as low as 4.4 mg O, did not inhibit growth. This tolerance of high wming
densities and relatively low dissolved oxygen coi@ions under culture conditions, favours its

choice as a candidate aquaculture species.
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CHAPTER 6

GENERAL DISCUSSION

This study has addressed the effect of temperdight intensity, feeding regimen and crowding
density within the context of evaluating the farmipotential of dusky kob, a promising

aguaculture candidate species. By summarizingdleeant literature and results from chapter 2
to 5, this discussion will address the relevanceawth of these variables for the production of
dusky kob for both commercial and research purpasésprovide suggestions for their culture

in intensive systems.

Temperature

Temperature is an important variable that contgotsvth of fish both under culture conditions
(Fry 1971) and in the wild. Chapter 2 showed thatdptimal temperature for growth coincided
with the thermal preference of dusky kob (Bernagzefd Britz 2007) which suggests that the
thermal preference may be a good predictor of ¢éneperature at which growth is maximised.
The natural distribution range &f japonicus along the east coast of South Africa is within the
temperature range of 12 - 28°C (Whitfield 1998)\ehile A. japonicus (< 200 mm) are believed
to be most abundant in the upper reaches of estud@Griffiths 1996) where temperature
frequently ranges from 25 to 28°C (pers. obs.). bbst temperature for growth was within this
temperature range. Thus, for future tests on dswiaaquaculture candidate species, an
understanding of their habitat preference couldrdoute to the selection of experimental culture
conditions.

FCR was best at a lower temperature than thattmeguh best growth. Growth in fishes is
generally maximised at a higher temperature thahabhieving best food conversion efficiency
(Jobling 1996; Deacon 1997; Van Haab,al. 2003, Person-Le Ruyet al. 2004). Thus, the
testing of both growth and FCR-values under theesaomditions can provide an estimate of the

best rearing conditions when taking into accounemic factors such as time required to grow
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fish to market size and production costs. The teraperature for grow-out must be determined
based upon an economic trade-off between the isedeaosts associated with heating water to
the required temperature and increased feeding esstmaximum growth at higher temperatures
is reached. Keeping fish at 25.3°C, the estimateb@st growth, will result in a 11.1% better

growth rate and a 18.7% poorer FCR relative to fitzah fish kept at the temperature at which

FCR was best. This would mean that while marke# ginuld be reached in shorter time at the
temperature for best growth, the increased cosbafi may need to be considered. The best

temperature should be estimated depending on atrter@perature and food costs.

The results of this experiment may influence bbththoice of locality and type of facilities that
are developed foA. japonicus culture. For research and development, knowledig¢he
temperature required for best growth of juvenBe japonicus allows experiments to be
conducted on other variables using that temperataraddition, chapter 4 showed that aspects
of the feeding regimen, such as feeding frequemty faeding intensity also influenced FCR
values and thus need to be taken into account ig1 ahd possibly related species when

determining the best production strategy.

Light intensity

Following the determination of the effect of tengtere (chapter 2) and salinity (Bernatzeeer
al. 2008) on growth, the effect of light intensity gnowth could be determined. Again, the
rationale for the choice of this independent vdealas influenced by the distribution of this
species in South African estuaries. The absenedl@dfuvenile A. japonicus from the non-turbid
Swartvlei and Knysna estuaries (Whitfield & Kok PY@ontrasts the relative abundance of this
species in the Great Fish estuary in South Afrioggesting a preference for turbid systems as
nursery areas (Griffiths 1996). In addition, it wagothesised that light intensity would affect
the growth of juveniléA. japonicus due to the difference in light intensity betweggit highly
turbid natural environment and the clear mechalyiddtered water characteristic of culture
systems. There was no difference in growth or F€Rob reared at 23 to 315 lux. Juvere
japonicus may thus be tolerant of both high and low lighteimgity common to fluctuating

estuarine systems. This is supported by recordgianile A. japonicus (synonymous with
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Argyrosomus hololepidotus) in the Lake St Lucia, Richards Bay (Wallace & \&er Elst 1975)
and Sundays (Beckley 1984) estuaries all of whreH@w turbidity systems (Griffiths 1996).

However, testing the effect of light intensity orogth in isolation would not allow detection of
any possible interaction between this factor aretlifeg intensity and metabolism. Thus, this
study investigated the combined effect of lighemdity and feeding method on growth and FCR.
It is here hypothesised that light intensity didt i@ve an effect on feeding behaviour or
metabolism in such a way that it influenced growetidusky kob. This suggests that juvere
japonicus were tolerant of a wide range of light intensitéesl that the aquaculture environment
can be manipulated within this range. The lighemsity range included conditions common to
indoor temperature-controlled culture facilities kight intensities outside this range need to be

tested in order to avoid errors from extrapolation.

Light intensity did not affect growth or FCR, buth@ugh fish fed to apparent satiation grew at
the same rate as fish fed a restricted ration,ifigetd satiation resulted in a significant reductio

in FCR. Thus, as with the effect of temperatureggmwth (Chapter 2) this experiment provides
data for business models related to dusky kob multGood growth could be achieved cost-
effectively in fish fed a restricted ration. Althgiy, the effect of wasted food on water quality
was not tested in this study, it may be suggestada reduction in feeding rate from 5.1 to 3.6%
of body mass d for this species could lead to an improvement afewquality resulting in less

effort required for the cleaning of tanks becaiess Ifood is wasted through defecation. This
could be tested in future studies on a commerci@eswhere the results can be quantified from
an economic perspective. In addition, this studyted information for the design of the third

experiment on the effect of feeding regimen on ghowCR and survival. Here, both feeding
frequency and feeding intensity were tested attéineperature for best growth and at a light

intensity within the range used in chapter 3.

Feeding regimen

Identification of the optimal temperature for gromih chapter 2 provided a range within which

to study the effect of potentially limiting biotfactors on growth. Of these, the feeding regimen
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that allowed best growth and FCR of juverflejaponicus was tested because results from the
previous study suggested that a feeding intensi.41% of body weight d had an effect on
FCR. Dusky kob were able to consume the requirdg dion for good feed conversion in one
daily feeding if fed to apparent satiation, butwgtio was inhibited at this low feeding frequency,
probably due to the duration of food deprivatiors & result, it was assumed that growth was
limited by feeding frequency rather than by ratisize alone, provided that the daily feed
requirement was met. A maximum feeding intensit8@5% body massdwas estimated as
the breakpoint above which growth did not increagh increased feeding rate. FCR decreased

linearly as feeding intensity increased above tlggested maximum level.

In commercial culture systems fish may have unisett access to food or they are fed to
apparent satiation. This study suggests that fgedirmapparent satiation resulted in reduced feed
conversion efficiency. The best growth rate of 87Body weight & and most efficient FCR of
0.91 of the study were achieved in chapter 4 abdst temperature for growth under a feeding
regimen of 3.41% body weight'dlivided into three daily feedings. As there wassigmificant
difference in growth between this treatment anditbatment testing the same ration in two daily
feedings, it is recommended based on this expetaheesign that dusky kob could be fed a
restricted ration at least twice daily accordindheir size-specific daily requirements in order to
achieve maximum growth and best FCR. Since therewpat involving a range of crowding
densities (chapter 5) showed the potential of loasaved oxygen levels under culture
conditions, it should be tested in on-farm expentaevhether feeding kob three times per day

can reduce fluctuations in water quality relativévo daily feedings.

Some growth studies may require food supply to ieestricted to ensure that it is does not
become a limiting factor. Future studies may theeefuse either the size-specific restricted

ration recommended in chapter 4, or allow unrestii@ccess to food to ensure good growth.

Crowding density

Once the temperature and food requirements for maxi growth had been established, the

effect of crowding density on growth of juvenife japonicus was tested using these culture

48



conditions in a commercial operation. Three stogkilensities were tested, ranging from the
minimum stocking density recommended for best gno(fAirozziet al. 2008) and that used in
chapters 2-4, to the maximum crowding density usethdustry to culture juvenil@. japonicus
within this size range. There were no differencegrowth or FCR between stocking densities of
10, 30 and 50 kg mbut the growth rate in the current study was lotrem that found in
chapters 2-4. Culture variables were controllethdke previous experiments with the exception
of dissolved oxygen concentration and food pelist.sDissolved oxygen concentration within
the ranges recorded did probably not cause of ifferehces in growth between this study and
those in chapters 2-4 (Fitzgibben al. 2007). The change in feed type, however, may have
caused a relative reduction in growth in this stu@milar observations were made by
Bernatzedelunpublished data) when comparing these two fepdstyn trials on juvenilé\.
japonicus. Future studies should avoid any changes in @iltariables or diet to ensure that

conditions are replicated as closely as possiliied®n studies.

Wild populations ofA. japonicus exhibit shoaling behaviour (Griffiths 1997). In dué studies,
by observing the behaviour of this species in taitksould be tested if shoaling behaviour may
be the reason for crowding densities of up to 5@kgllowing good growth under commercial
conditions. These findings contribute to culturesteyn design for juvenilé\. japonicus. In
addition, researchers can conduct trials for oi@tion of other variables under crowding
densities up to 50 kg T It is, however, likely that crowding density wilmit growth of
juvenile A. japonicus at densities higher than those tested in thisystlidis may be as a result of
crowding density, or perhaps the combined effectcimwding density and low levels of
dissolved oxygen in the water. It is hence impdrtam gain further understanding of the
tolerance of dusky kob to hypoxia in order to fuliyderstand the effects of low oxygen levels
on metabolism and growth. According to Fitzgibbenal. (2007) maximum growth oA.
japonicus can only be obtained at dissolved oxygen conceoms close to 100% saturation.
Maintaining high dissolved oxygen concentrationgha water was increasingly difficult with
increasing crowding density in the current studyergfore, the practical implications of keeping
fish at crowding densities higher than 50 kg should be considered before the effect of these

densities on growth can be tested.
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Conclusions

The aim of this series of growth trials was to daiee culture conditions for juvenil@.
japonicus and suggest levels of environmental variablesstagded for research and development
on this species and for its commercial culture.dR@mendations can be made both for industry
and for research purposes. Juverilgaponicus of the size range tested grew best at 25.3°C
while the temperature for best FCR is 21.7°C. Tést lieeding regimen for growth was 3.41%
of body weight &, divided into at least two daily portions. Lighténsity and crowding density,
within the ranges tested, did not affect growthF@R. It is, however, recommended th#at
japonicus be cultured within the ranges tested in theseesudhtil further research is conducted
that may determine whether or not these may aghpertant culture variables under different

conditions.

JuvenileA. japonicus grew well under aquaculture conditions. They rigaaltcepted an artificial
diet, grew at between 1.4 and 3.7% of body weigitt ¢ay and were tolerant of dissolved
oxygen concentrations as low as 4.4 rifigQ,. As an aquaculture candidat&, japonicus
compares well t& ocellatus, an established sciaenid cultured on the UnitedeSteast coast
(Lee & Ostrowski 2001) and in China (Hong & Zhar@3). S ocellatus grew well at between
25 and 28°C (Douillet & Pickering 1999) within alisdty range of 6-28 g I (McGoogan &
Gatlin 1999). Optimum feeding regime for this spstas been found to be between 5 and 6%
body weight per day, divided into two daily portsofMcGoogan & Gatlin 1999 and growth
rates of 1.8 — 2.2% body weight per day have beported (Sandifeet al. 1993). This study

showed thaA. japonicus has good potential as a candidate for South Afrioariculture.

Few researchers have had the opportunity to conclutsecutive trials under laboratory and
commercial conditions. This study consisted of eseof laboratory-based growth trials which
were followed by a commercial-scale study. Whiliéetlences in dissolved oxygen concentration
and diet, i.e., pellet size, made a comparison é&twthe laboratory trials and the commercial
trial difficult, some points can be drawn from ttesults of these trials and the experience gained
while conducting them. For commercial culture, sgma sufficiently large number of fish and
facilities to perform large-scale trials is expersand thus the scope of these trials is limited. |

is also difficult to work with a large number ofpteates due to limitations on farms. Thus, it
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will always be challenging to conduct multifactérsudies. These, are, however, important as
the results from chapter 3 (light intensity combingith feeding regimen) showed. Thus, as
results from large-scale studies may be more agipkcto industry than laboratory trials, a
combination of laboratory studies and experimemis commercial setting may be recommended
in order to detect possible interactions betweeatependent variables. Another advantage of
laboratory studies is the opportunity to reducetscoBor example, the determination of the
optimal temperature for growth is important, bulture facilities must be equipped to provide
the best conditions by heating large quantitieswafter. Here, predictions derived from
controlled experiments can help reducing the doststudies on a commercial scale. In addition,
it is important to supply sufficient oxygen in theater when farming kob at high stocking
densities on a commercial scale. Thus, the redwdta the commercial-scale study made it
possible to quantify this limiting factor, a fingdjrihat may have been missed if studies had been

done only under controlled laboratory conditions.

Considering that some independent variables inedawith each other as was seen in the
experiment using combinations of light intensitydafeeding method, future studies should
include multifactorial designs where possible. Ewample, this study did not test a combination
of salinity and oxygen levels. Salinity was nottéglshere because it was considered not to
influence growth (Bernatzedet al. 2008), but variations in salinity combined withdtuations

of oxygen levels may influence growth and survival.addition, examination of the effect of
temperature and feeding regimen on growth of difiesize classes of juvenie japonicus will

be useful in optimising the culture protocol foisttspecies. The combined effect of light
intensity and crowding density on feeding behavimay also be tested to understand if these

factors influence feeding behaviourAnjaponicus under culture conditions.

In summary, dusky kob had high survival rates ur¢h experimental conditions and on a fish
farm. The species tolerates high crowding denséie$ low oxygen levels, and, depending on
the feeding method, juvenile dusky kob can growa ate of 3.75% body weight'cat an FCR

of 0.91.
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