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Abstract

——

The suitability of the galjoen, Coracinus capensis, for
mariculture in South Africa has been assessed from both an
economic and a biological viewpoint. In terms of economic
criteria galjoen shows a high potential for culture, being widely
inown and highly regarded as a table fish. The restaurant trade

in the southwestern Cape has been identified as a possible market

showing a high demand for this species.

Adult galjoen are readily available, hardy, and are easily
maintained in captivity. A biochemical technique to determine the
sex of li&e fish has been({gzggzégggézfand allows sexual
identificafion to be conducted for several months prior to and
duriﬂg the spawning season. Natural serial spawning with high
fertilization occurs readily in captivity, with galjoen producing
large numbers of good quality eggs during a single season.
However induced séawning using two mammalian gonadotropins
resulted in the production of poor quality eggs. The relationship
between temperature and development time for fertilized galjoen
eggs has been determined, and the iower lethal temperature for
developing eggé was found to lie between 14° and 16°C.[Fewly;
" hatched larvae exhaust their endogehous food reserves rapidly and '
show a short time to irreversible gtarvation, with firét—féeding
beginning from 110 hours after hafching at 18°C.
|
Galjoen larvae proved to be extremely difficult to rear. Although

successful first-feeding on a few live food organisms was



(vi)
observed, mass mortality at 4-8 daYs and again at 12-15 days
after first-feeding resulted in exceptionally poor survival. It
is surmised that galjoen larvae have very stringent nutritional
'requirements which cannot be met by employing commonly-used live .
food organisms. Growth rate estimates for galjoen that survived
past metamorphosis indicate that growth under culture conditions

]
is similiar to that in the natural environment.

Certain biological attributes of the galjoen such as simple
broodstoék.maintenance, ease of natural spawniné in captivity and
high fecundity select this specieé for culture. However the
inability to mass rear 1larvae through to metamorphosis
drastically reduces the suitability of this species, especially
since larval rearing is the key to successful mariculture. In
addition, the slow growth rate under culture conditions observed
also selects against this speciés. Because of these last two
factors, if is concluded that the galjoen is not a suitable

species for mariculture in South Africa.



CHAPTER 1: INTRODUCTION
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1.1: Definitions of agquaculture

The term aquaculture has become recognized as meaning the
husbandary of aquatic organisms (Bardach et. al., 1972), and
involves the culturing of aquatic organisms from an early to a
later life-history stage under controlled or semi-controlled
; .

Eonditions (Safriel and Bruton, 1984). Products derived from
aquaculture are generally utilized directly for human gain, be
it nutritional (Hecht, 1988) or economic (Shang, 1981). However,
agquaculture may also be uéed to fulfill other objectives such as
the replenishment of natural stocks, the production of sport
fish, bait or ornamental fish, .as a means of recycling organic

wastes, or for the production or commodities such as pearls or

oils.

Within the term aquaculture, two further terms need to be
clarified; viz. intensive and extensive aquaculturé (Rabanal and
Shang, 1976 in Retief, 1978). Intensive aquaculture refers to a’
system where fhe entire life-cycle of the selected organism is
maintained in the cditure environment. Sophisticated techniques
including thg use of artificial diets, induced spawning, larval
rearing and genetic manipulation are utilized to ensure stringent
control and result in high 1levels of production. Extenéive
aquaculture refers to a system where certain stages of the life-
cycle are not maintained, such as when wild-caught juveniles are
reared to productibn size. Traditional techniques, for example
using.thevnatural productivity of the water to supply food, are

often utilized. This practice minimizes costs, but generally



results in low production.

Mariculture is a sub-category of aguaculture, and distinguishes
marine from fresh-water culture. This classification can be
confusing where the organism (eg. salmon) being cultured migrates

between fresh- and seawater during its life-cycle.
!

’

1.2: Principles of aquaculture

Several biological pfinciples are fundamental to the practice and
development of aquaculture, and include the following

(Bardach et. al., 1972):

1) the density of most fish and swimming crustaceans is
approximately equal to the density of the water they inhabit.
Energy costs of supporting their weight are thus much less than
in terrestrial animals of comparable size,

2) poikilothermic animals such as fish do_not expend energy on
thermoregulation (apart from a few exceptions such as tuna),

3) since aquatic boikilotherms spend little energy on support and
none on thermoregulatﬁon, they exhibit high food conversion
efficiencies, and

4} a body of water is a three-dimensional growing space; biomass

per unit volume can therefore be very high.

The major disadvantages of water as a medium for biological
production are due to the general properties of liguids as a
group, énd to the specific property of water as a universal

solvent. Contamination of water by either biological or chemical
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means is therefore difficult to prevent or control, and renders
aquaculture extremely vulnerable with respect to pollution and

organic decay in any form.

1.3: Selection of candidate species for culture

!

According to Bruton and Safriel (1985), a major retarding factor
to the development of aquaculture worldwide has been the
incorrect choice of candidate species. They make the point that
in countries currently developing aquaculture, time and effort
should be spent in identifying suitable candidate species so as
to avoid costly mistakes. Webber and Riordan (1976) divided
criteria used to select species for culture into three major
categories. First-category criteria were economic, relating to
consumer acceptance and processing variables in conjunction with
marketing and pricing factors. Second-category criteria were
biological, being factors promoting management of high density
culture systems. The third group of criteria were also
biological, being considered a function of the adaptability of

the species examined.

Of the three categories identified by Webber and Riordan (1976),
economic criteria are considered the most critical (Bruton and
Safriel, 1985; Shepherd, 1988; Cook and Walmsley, 1990). This is
because success of a modern intensive aguacultural enterprise is
determined : by its. profitability. Profitability in turn is
dependent on a high marketability of the product combined with

a low capital expenditure. In addition, demand for the product
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must be sufficient to be able to absorb increases in production
without excessive price erosion. The importance of market factors
has been emphasized by Hecht and Britz (1990), who stated that
when assessing candidate sﬁecies for culture, market demand is
of greater importance than any other consideration.
! ,
Biological criteria, or ease of culture of a particular species,
include the following (Webber and Riordan, 1976; Bruton and
Safriel, 1985; Shepherd, 1988; Cook and Walmsley, 1990):
1) seed availability,
2) simple larval development,
3) tolerance of young to high densities, disease and suboptimal
“conditions(
4) high growth rate and survival,
5) readiness to take artificial feed and high feed conversion
efficiency,
6) high fecundity,
7) ease of inducement and coﬁtrol of spawning, and

8) ease of genetic selection.

Part of the development of agquaculture worldwide has been a trend
towards semi-intensive or intensive culture systems. These
simplified natural ecosystems are inherently unstable and often
fluctuate widely (Bruton and Safriel, 1985). For a species to be
suitable for intensive culture it must be tolerant of a
symplified ecosystem 'yet able to tolerate environmental
fluctuations. Thus the characteristic of adaptability, whether

to increased densities or changing water quality, is perhaps the
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most important biological criteria determining the suitability

of a particular species for culture (Shepherd, 1988).
1.4: History and current status of aquaculture

Aquacdlture is an ancient practice that can be traced to the dawn
éf reéorded history and probably began in Asia about 4000 years
ago (Ling,.1977 in Liao, 1988). Reported instances of early
'aquaculture include carp culture in 5th century BC China and
oysfer culture in Ancient Gaul (Bardach et. al., 1972). Until
recently, aquaculture was practiced mainly on a subsistence
basis, with food being produced predominantly for personal and
familial consumption. with the increase in size and complexity
of societies and incipientGindustrialization changing the socio-
economic framework, aquaculture moved into a second level, the
domestic production phase (Aiken, 1988). Food produced by culture
systems in this stagé was distributed and sold loéally through
established marketing channels, with the agquaculturist receiving
some return (either goods or money) for the foqd produced. The
third and most recent level of aquaculture is described as the
export production phase (Aiken, 1988) and refers to a culture
system where fobd'produced is destined for non-local sale and

consumption, often large distances from its origin.

Although the export production phase is a recent development, the
impact of this type of culture is enormous. Because of the
economic structure of this phase, some nations have hastily

convertéd‘their'production of high protein, low domestic value
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fin-fish into production of high value shrimp for the export
market, generating foreign exchange at the cOst of domestic
brotein supplies. Aiken (1988) reports that in Ecuador alone,
approximately 100 000 people (out of a population of
approximately 12 million) are employed in shrimp farming, whilst
production of shrimp has spread around the globe along a wide

{
tropical-subtropical band.

Export phase aquaculture has resulted in enormous market

expansion and broadened species distribution. Select culture

species such as the American lobéter (Homarus spp.), Australian
marron (Cherax sSpp.) . Indonesian freshwater prawn
(Machrobranchium spp.), the African bream (Tilapia spp.) and

various species of abalone (Haliotis spp.) are currently being

cultured far away from their native environment.

Whilst much of the East has had a long tradition of fish-farming,
aquaéulture in the West is étillvin its infancy. Few western
culture systems have a history of more than 100.years, with the
majority of commercial food production via aquacultufe in the
west occurring during the last 30 years (Sandifer, 1988) . This
disparity between Eastern and Western aquaculture is reflected
in the proportions of the 1985 totalv global aquaculture
production; the East (Asia and Oceania) contributing 85% of
reported world harvests whilst the West (North and South America
and Europe) makes up only 13% (Rhodes, 1988 in Sandifer, 1988).
In recent decades however, there have been a number of success

stories 1in western aquaculture. Examples of these include



Atlantic salmon (Salmo salar) culture where production has
doubled every two vyears since 1980, and channel catfish
(Ictalurus spp) culture where production figures of 10 000 metric
tonnes (MT) in 1977 focketed to 97 000 MT in 1986 (Sandifer,
1988) .

}

A probable reason for the late development of aquaculture in the
west has been its reliance upon traditional intensive fishing
methods as the source of both marine and freshwater fish. Coupled
with this is the fact that, in the west, fish has never been
viewed as a major protein source; in 1985 per capita consumption
of fish in the U.S. was 7.5 kg/person/year (Sandifer, 1988).
Consumption of fish in the east.is an order of magnitude higher,
at 83 kg/person/year (Liao, 1988). The realization that
traditional fishingi was not harvesting an infinite resource
provided the impetus required to expand and develop intensive
aguaculture in the west. Estimates of maximum sustainable yield
(MSY) from the world oceans range from 90x10%° to 150x10° MT
annually for traditional catch-species, and up to 300—500x106bﬂ3
if unconventional species are included (Lyubimova et. al., 1§73;
Suda, 1973; Wheaton, 1977). Whilst this quantity remains static,
worldwide demand continues to grow at an increasingly rapid rate

(Figure 1.1).

In the past, most notably the 60's, aguaculture was seen as the
answer to the world's food problems, being able to supply
unlimited amounts of protein. More recent perspectives realize

that this is impossible,vbut accept that the shortfall between
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fishery supply and market demand could partially be supplied by

agquaculture (Sandifer, 1988).
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Figure 1.1: Current and future trends in global aquatic
production. Redrawn from Sandifer (1988).

Factbrs which have been either directly or indirectly responsible’
for the rapid development of aguaculture worldwide include the
following: |

1) the dramatic increase in world population,

2) a scarcity of cheap, high quality protein which has been
experienced on an e>l<panding scale in many parts of the world,

3) traditional fisheries production is fast approaching the

maximum sustainable yield,
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4) agricultural production has not kept pace with populatiqn
growth in several countries, and
5) the revolution of raised expectations, which has resulted in
increased demands for‘items that create or are a part of a highef
standard of living.
) :
Current (1985) total world aguaculture production (including
finfish, molluscs, crustaceans and seaweeds) is more than 10x10°
MT (Nash, 1988). Of this, the 4.4x10° MT of finfish farmed

annually accounts for 10% of world fish harvest (Shepherd, 1988).

In lJapan) one of the most developed nations in terms of
mariculture, prbdgction of yellowtail (Seriola quingqueradiata)
and red seabream (Pagrus major) exceeds that obtained from
conventional fishing (Watanabe, 1988). Yellowtail production
increased from 92 352 tons in 1975 to 150 961 tons in 1985,
whilst réd seabream production increased from 4 303 to 28 430
tons over the same period (Foscarini, 1988). The figures for red
seabream indicate an increase in production of just over 20% per
vear. Estimates of world agquaculture production for the year 2000
range from 22.2x10°% MT (Nash, 1987 in Sandifer, 1988) to 50x10°
MT (Safriel and Bruton, 1984; see Table 1.1),»with Ba;nabe (1990)
suggesting that the output from agquaculture could equal that from

fishing at the turn of the century.

Chua (1986 in Shepherd, 1988) calculated that wqud aguaculture
production increased at a rate of 10.5% per year from 1972 to

1983, a total increase in production of more than twofold over
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this period. Hecht and Britz (1990) reported that percentage
increase between 1983 and 1985 was 5% and 115% for world finfish

and crustacean production respectively.

Table 1.1: Worldwide aguaculture production from 1972 onwards.

! Year Yield (x10° MT) Source
1972 4 Bardach et. al., 1972
1975 6.1 Safriel and Bruton, 1984
1980 9.4 Safriel and Bruton, 1984
1986 10.4 Shepherd, 1988
2000 22.2 (est) Nash, 1987 in Sandifer, 1988

2000 .50 (est) Safriel and Bruton, 1984

1.5: Aquaculture in South Africa

In South Africa, fishing has only been an important industry
since the beginning of the present century. The demersal trawling
industry was established in the early 1900s and a pelagic fishery
for pilchards, anchovy and other shoaling fish was developed in
the 1940s (Payne and Crawford, 1989). The fishing industry
expanded rapidly during the first six decades of its existence
and by 1962 was catching over 1x10° MT of fish a year (Grindle&
and Rabie, 1983). This meant that South Africa‘was the eighth
largest fishing counfryvin the world at that time. In recent
years however, a markéd decline in the pelagic catch has resulted
in a levelling off of the catch curve (Figure 1.2) and it is
clear that the MSY for the major stocks has been reached.

Similarly, the most important constituent species of South



12
Africa's demersal fishing industry, the hakes Merluccius capensis
and M. paradoxus, are suffering from overfishing. This is
indicated by a dramatic reduction in size of trawled fish and by
the fact that trawlers have to go ever-increasing distances to

sea in order to get the best catches (Grindley and Rabie, 1983).
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Fiqure 1.2: Demersal (hakes) and ﬁelagic (pilchard, anchovy and
mackerels) catches taken off southern Africa 1950-1985. Redrawn
after Payne and Crawford (1989).

Fish culture in South Africa waé first begun around the turn of
the century, with trout hatcheries being'set up at Jonkershoek,
Umgeni and Potchestroom to satisfy the demands of local sport
fishermen (ﬁecht and Britz, 1990). The first trout farm was
established in the'Traﬁsvaal in 1945; since then trout farming

has become the primary fish culture industry in South Africa,
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producing.739 tons in 1988 and having a retail value of over 11
million rand (Hecht and Britz, 199C). The culture of ornamental
fish for the aguarium trade is also well estéblished in South
Africa, with over 80 varieties being produced and having a retail

value of 6.5 million rand (Andrews, 1989).

-

A relative newcomer to the aquaculture industry in South Africa
is the sharptooth catfish, Clarias gariepinus. Although culture
of this species only started in the early 1980's, the rapid
growth of the catfish industry has led to the prediction that by
1994 catfish production will surpass that of trout (Hecht and

Britz, 1990).

Whilst fish culture in South Africa was initiated only in this
century, attempts to cultivate oysters were started more than 300
years ago. Most of these attempts were unsuccessful however, and
it was not until 1948 that the first commercial oyster farm was
established. Success in farming the alien Pacific oyster,
Crassostrea gigas, has resulted in rapid development of
commercial oyster farming (Genade and Hirst, 1985). Almost 300
tons of oysters were produced in 1988, giving a retail value of
over 6 million rand (Hecht and Britz; 1990) . Currently, the most
important aquaculture organisms cultivated in South Africa are
.mussels, including Choromytilis meridionalis, Mytilis
galloprovincialis and Perna perna. The first commercial mussel
farm was established as recently as ﬂ984, and mussels now
contribute over 50% of South Africa's total agquaculture

production. In 1988, 1575 tons with a retail wvalue of 17,3
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million rand was produced (Hecht and Britz, 1990).  The
spectacular growth of the mussel industry has been attributed to
the successful adaptation to local conditions of raft and rope
culture technology imported from Spain (Genade and Hirst, 1985).
Total South African aquaculture (including mariculture)
production for 1988 was approximately 3100 tons, with a retail

value of over 45 million rand (Hecht and Britz, 1990).

Mariculture in South Africa is almost entirely devoted to
shellfish production. The only marine finfish cultivation is that
of single operations of 'sea trout" (Oncorhynchus mykiss) and
flathead mullet (Mugil cephalus) culture. In the '"sea trout"
operation, fingerlihg trout reared in fresh water are transferred
to seawater containers for ongrowing to market size.
Approximately 150 tons of sea trout (also referred to as '"salmon"
trout) were produced in 1986 (Genade, 1986), whilst 20 tons of

mullet were produéed in 1988 (Hecht and Britz, 1990).

Several other marine finfish have been identified as potential
candidate species fof culture in South Africa (Safriel and

Bruton, 1985; Cook and Walmsley, 1990). The top ranked species

include Atlantic salmon (Salmo salar), galjoen (Coracinus
capensis), Dover sole (Solea solea), turbot (Scophthalamus
maximus), rabbit fish (Siganus spp.) and rockcod (Epinephalus

spp.) . Of these species, only the galjoen and rockcod are endemic
to South Africa. The other species are aliens which have been
highly ranked as candidate species because they are successfully

cultured in other parts of the world. It is reasoned that South
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African culture of these elien species would simply require an
adjustment of already developed technology to suit 1local
conditions. In practice however, this may not be as simple as
implied; 'in addition, the importation of alien species for
culture is fraught with potential dangers to endemic ecosystems.
It seems obvious that.endemic species showing potential for
t

Eulture shonld be comprehensively assessed before alien species
are considered. One such species is the white steenbras
.(Lithognathus lithognathus) Qhose suitability for mariculture has

been assessed by examination of its bioenergetics and growth

under culture conditions (Harris, 1991).

This thesis is an assessment 'of fhe suitability of the galjoen
for mariculture in South Africa. The galjoen istouth Africa's
national fish, and is regarded as one of»the premiervshore—
angling fish of the Cape fegion. In addition to its recreational
importance;/galjoen‘is a much sought after table fi;h and is
highly esteemed for its excellent flesh. Galjoen are endemic to
southern 'Africa, extending from northern Namibia to southern
Natal (van der Elst, 1981)éé§bcomprehensive study on the biology .
of the galjoen was reperted by Bennett and Griffiths (1986) and
strategies for the management of this species provided.by Bennett
(1988). Galjoen tend to occur close inshore and live in shallow,
turbulent water where they feed on black mussels, barnacles and
algae. Spawning occurs from October to March, with December being

the month of peak activity. |

Galjoen was initially identified as a candidate species for
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culture primarily on economic grounds, due to the high price
commanded by this species. As well as being commercially
attractive, production of galjoen could possibly be used to

replenish dwindling natural stocks (van der Elst, 1981).

This thesis is divided into several chapters which examine and
, .

’

assess/ various characteristics‘ of the. galjoen in terms of
mariculture. Chapter 2 of this thesis describes the economic
characteristics of the galjoen and makes an estimate of the
market size and demand for this species in the southwestern Cape.
Chapter 3 describes broodstock maintenance and details a
technique for determining fhe sex of live adult galjoen, whilst
chapter 4 discusses both natural and induced spawning in
captivity. Aspects of the early life history of the galjoen are
described in chapter 5, and various attempts to mass rear larvae
are listed in chapter 6. Conclusions from this study are given
in chapter 7 and the possible development Qf mariculture in South

Africa is discussed in chapter 8.
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CHAPTER 2: AN EVALUATION OF THE MARKET POTENTIAL OF .

\ GALJOEN IN THE SOUTHWESTERN CAPE
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2.1: Introduction

The decision to culture a particular speciésvin a commercial
agquacultural system requires a detailed evaluation of several
disparate considerations. These include biological and socio-
econohic factors and technical and financial considerations
iAvault, 1983; 1986). As discussed earlier, it is generally
accepted that market and economic considerations almost always
override biological and technical ones when determining the
suitability of a species for aguaculture. Chacteristics affecting
the marketability of an aguacultural prodﬁct include taste,
appearance, colour, texture, packaging, ease of processing and
preparation, availability and product price in relation to
perceived gquality (Shang, 1981; Ferreira, 1989). However,
consumer acceptance of a new product may often be influenced by
traditional food habits and preferences. Market opportunity in
terms of an unfulfilled demand is also important when assessing
é new species for culture (Shang, 1981; Shepherd and Bromage,
1988); demand for a producf being affected by its price, the
. price of potential substitutes, and by habits and income levels

of potential consumers (Smith, 1989) .

To effectively assess the suitability of the Cape galjoen for
mariculture in éouthern Africa, a determination of the market
potential and existing demand for .this species has been
conducted. Galjoen has long been recognised as a prime table fish
and 1is highly esﬁeemed for its excellent flesh. Due to

exploitation pressure on dwindling natural stocks, galjoen are
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protected by several control measures including a closed season,
minimum size limit, bag limit and a complete prohibition on the
selling of this species (Bennett and Griffiths, 1986; Bennett,
1988) . In spite of these restrictions, a large demand for'galjoen-
exists, as evidenced by high black-market prices ranging from

R12/kg in the southern Cape to R20/kg in the Transvaal.

Since galjoen can be considered a luxury fish (in view of prices
paid on the black-market) it was felt that future production, if
realized, would cater to the restaurant trade before catering to
the general public as a whole. For this reason, market potential
and demand for galjoen in the southwestern Cape was evaluated
through the use of a consumer survey directed at the restaurant

trade.
2.2: Materials and methods
2.2.1: Questionnaire structure

Questionnaires were sent to 120 restaurants in Cape Town and
surrounding areas which advertised themselves either as seafood
specialists or offered seafood dishes on their menu. The
gquestionnaire was divided into three sections, with the first
section asking restaurateurs whether they had eaten galjoen
before and how they rated it as an eating fish. The second
section required restaurateurs to rank galjoen against six other
commonly served fish in terms of taste, appearance, ease of

preparation and versatility (how many ways it could be
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prepared/served). The third section questioned restaurateurs on
aspects of demand, price, preferred serving method, and preferred
form and size. Each questionnaire was accompanied by a pre-

addressed envelope in order to facilitate prompt returns. A copy

of the questionnaire is given in Table 2.1.

N

2.2.2: Questionnaire analysis

Section A was anaiysed by expressing the number of responses to
each category within a question as a percentage of the total
number of responses to that question. Analysis of section B was
conducted using a weighted ranking method; the most preferred
fish ip a specific category (taste etc.) scoring 7 points whilst
the least preferred fish scored 1 point. The scores for each fish
in each category were summed and then divided by the numbér of
responses received for that category. The resultant mean value
was then used to rank the fish in order of perceived preferencé,
the most preferred fish haviﬁg the highest mean value for each

category.

Questions 1-5 and 9 in section C were analysed using the same

method used for section A.
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Table 2.1: Structure of the questionnaife used in the restaurant
survey. ,

Section A: Rating
Please tick where appropriate.
1. Have you ever eaten galjoen before ?
Yes No
7 2. How do you rate galjoen as an eating fish ?
Excellent Good Average Poor Inedible
Section B: Ranking
Please rank the following fish in your pafticular order of
preference. Each fish must have a different number ranging
from 1 (most preferred) to 7 (least preferred).
Y/tail Sole K/klip Kob Galjoen S/bras Snoek
Taste = i e teeeeetceeecaeaaaeaaaaan
Appearance e e e e et e st s s e s e s e s e s s s s esssses s eeceseneesne
Prep. @aSe i ittt i it ittt oesesosesassasessessssassacccsscseasa
Versatility ........... e e s ecsecosesscssessasacosaseanesnsena
Section C:
Please tick where appropriate.
1. Assuming galjoen was available, would you offer it on your
menu ?
: ' Yes - No
2. Do customers ever reguest galjoen in your restaurant ?
Yes No
3. Do you feel that there is a demand for fresh galjoen in
your restaurant ?
Yes No

4. If so, what size demand ?

Large Medium Small
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Table 2.1: Continued.

5. What would be your preferential way of serving galjoen in
your restaurant ?

Whole fish Fillet Other - specify ....ciccce.e

6. What price would you be prepared to pay for fresh galjoen
delivered to your restaurant ?

Under R5/kg R5-10/kg R10-15/kg Above R15/kg

7. What prices do you pay for fresh fish delivered to your
restaurant ? .

Yellowtail = ..... e e eeseceean
Sole i i et e
Kingklip = i eieeeeneeennn
Kob ettt i e e
Steenbras = = @@ ...t iciiieiecanes
Snoek = it e ec e
Other (specify) ..o eeeenn

8. Assuming galjoen were available, what size (whole fish)
‘would you prefer to receive ? :

<20 em  20-30 em  30-40 cm - 40-50 cm >50 cm

9. Assuming galjoen were available, in what form would you
prefer to receive them ?

Whole fish Fillets

10. Assuming a demand for galjoen in your restaurant equal to
your most frequently ordered £fish, approximately what
guantities of fresh galjoen would you require per week ?

<20 kg 20-50 kg 50-100 kg >100 kg

11. Assuming a demand for galjoen in your restaurant equal to
your least frequently ordered £fish, approximately what
guantities of fresh galjoen would you require per week ?

<20 kg 20-50 kg 50-100 kg >100 kg
12. Are there any comments you wish to make ?
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Mean values for questions 6, 8, 10 and 11 were calculated using

the following formula:

Mean = X (# responses in cat. x mid-value cat.)
total # responses in category,

The >100 kg/wk category of questions 10 and 11 was assigned a
!

’

mid-value of 150 kg/wk. Values obtained for question 7 were
averaged for each species to determine the mean price paid by

restaurateurs per species.
2.3: Results

Fifty questionnaires were received from restaufateurs, giving a
return of 42%. Results from section A showed that 86.0% of
respondents had eaten galjoen before, 51.1% of whom rated it an
excellent eating fish and 37.8%-rating it a good eating fish. The

results obtained from section B are given in Table 2.2.

Results obtained from section C showed that 84.0% of
restaurateurs would offer galjoen on their menu if it becamé
available; 62.0% of them reporting that galjoen was reqpested by
customers in their restaurants. 72.0% of respondents felt that
there was a demand for fresh galjoen in their restaurants; 34.2%
perceiving the demand as large, 43.9% as medium and 21.9% as
small. Fillets would be thé preferential method of serving
galjoen for, 73.3% of restaurateurs, 40.4% of whom would prefer
to receive fillets whilst 59.6 would prefer té receive whole -

fish.
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Table 2.2: Mean pfeference value (x) and ranking position (r.p.)
for given species in various categories.

Species Taste Appear. Prep. ease Vers.

X r.p. X r.p. X r.p. X r.p.

Galjoen 4.93 1 4.17 3 3.24 6 3.11 6
Y/tail 2.83 6 3.00 6 3.76 5 3.21 5
Sole 4.48 2 5.54 1 5.19 2 4.74 3
K/klip 4.45 3 4.96 2 5.33 1 5.58 1

( Kob 4.38 5 4.17 3 4.38 3 5.16 2
> S/bras 4.41 4 3.92 5 4.10 4 4.26 4
Snoek 2.72 7 2.29 7 2.05 7 2.32 7

Table 2.3: Average price (x, in rands), standard deviation (s)
and sample size (n) for various fish species purchased by the
restaurant trade.

Species x S n
Yellowtail 6.62 1.40 40
Sole 13.14 2.45 36
Kingklip 9.44 2.11 40
Kob 6.98 1.49 40

. Steenbras . 7.15 1.56 37
- Snoek 4,97 2.09 17

The average whole fish size that restauratuers would prefer to
receive was 40cm; 20.5% of respondents preferring to receive fish
of 20-30cm, 31.8% of 30-40cm, 13.6% of 40-50cm and 29.5% of
>50cm. The average price restaurateurs would be prepared to payv
for fresh galjoen was R7.61/kg; average prices paid for other

species being shown in Table 2.3.

The average demand for the most frequently ordered fish in
restaurants from which replies were received was 58.1

kg/restaurant/wk; average demand for the least frequently ordered
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fish being 24.4 kg/restaurant/wk.
2.4: Discussion

Surveys aimed at determining the market characteristics of a

product can be divided into two categories (Shang, 1981);
{

’

consumer-consumption and consumer-reaction surveys. The former
is used when questioning respondents on aspects of a product with
which they are familiar, whilst the latter deals with a
hypothetical situation where respondents give their opinions on
aspects of a product not yet available. The survey used here
combines both categories; sections A and B being consumer-
consumptive and section C being consumer-reaction. However, as
Shang (1981) points out, information collected through the use
of a consumer-reaction survey is generally not very reliable
because consumers tend to reply to hypothetical situations in
accord with their unconsidered judgements. In a situation where
a consumer-consumption survey cannot be conducted, the consumer-
reaction survey can provide a useful tool for estimating market
demand and preference for a new product. It must be emphasized
that a survey of this nature cannot accurately quantify market
demand or preference but can at best provide ball-park estimates

of these wvariables.

The results obtained from this survey show that galjoen ‘is a
widely-known table fish regarded as the best eating of the
species listed in the questionnaire. In terms of appearance, ease

of preparation and versatility however, galjoen is ranked lower
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than most of the other species. Reasons given by restaurateurs
for the low preference for galjoen in these categories include
the fact that galjoen flesh is blue in colour (due to high
vascularisation) which detracts from its appearance, and is very
fatty, resulting in limited ways of preparing it. In addition,

difficulties in filleting galjoen mean that preparation is time-
[}

7

consuming and wasteful, with approximately 30% (by weight)

wastage after filleting.

In spite of the low ranking of galjoen in the ease.of preparation
and versatility categories, almost all restaurateurs would offer
this fish on their menus if it became available. Coupled with
this, the fact that more than half of respondents reported that
their customers requested galjoen indicates that the potential

demand for this species in the southwestern Cape is large.

Assuming that the demand for galjoen lies somewhefe between the
demand values for the ieast (minimum) and most (maximum)
frequently ordered fish, an estimaﬁe of the demand fof varying
numbers of restaurants can be obtained (T&ble 2;4). The monetary
value of this potential demand'over a range of possible prices

can then be calculated (Table 2.5).

In a feasibility assessment of sole farming in South Afriéa,
Retief (1978) concluded that a sole farm producing 125
tonnes/year would be a profitable proposition, with the breakeven
point being 50 tonnes/year (ruling whoiesale price in 1978 being

R3.50/kg). Although it is beyond the scope of the author to
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conduct a comprehensive financial analysis, a galjoen farm
producing 50 tonnes/year and selling fish at R7.50/kg would be
able to supply approximately 25 restaurants for a return of #
R375 000. Production of 125 tonnes/yeai at the same price would

result in a return of * R830 QOO.

!
Table 2.4: Estimated weekly and yearly demand parameters for
galjoen for varying numbers of galjoen.

# Restaurants Weekly Demand (kg) Yearly Demand (t)
Min Max Min Max

10 244 581 12.7 30.2

20 488 1162 25.4 60.4

30 732 1743 38.1 90.6

50 1220 2905 63.5 151.1

100 2440 5810 127.0 302.2

Table 2.5: Estimated value (000's R/anum) of potential galjoen
demand over a range of prices for varying numbers of restaurants.

# Rests. R5.00/kg R7.50/kg R10.00/kg
Min Max Min Max Min Max

10 63.5 151 .1 95.2 226.6 126.9 302.1
20 - 126.9 302.1 190.4 453.2 253.8 604.2
30 190.4 453.2 285.5 679.7 380.7 806.3
50 317.3 755.3 . - 475.9 1132.9 634.5 1510.5
100 634.5 1510.5 - 951.8 2265.8 1269.0 3021.0

It would appear from the results obtained in this survey that the
demand for galjoen in the southwestern Cape is of sufficient size
to ensure financial viability if commercial culture at reasonable

production costs was achieved.
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' CHAPTER . 3: BROODSTOCK COLLECTION, MAINTENANCE AND

DETERMINATION OF THE SEX OF LIVE GALJOEN
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3.1: Introduction

The first step in setting up an aquaculture enterprise is clearly
the collection of broodstock of the selected species. Initially
adult fish must be obtained from feral populations. However, once
production of the cultured species through to sexual maturity has
éeen achieved, broodstock can be obtained from captively-reared
fish. This method of broodstock aguisition is preferable to
collection from the wild since it enables selection for desirable
traits such as rapid growth rate and high feed conversion
efficiency. In addition, as the aquaculture enterprise becomes
more operationally sophisticated, genetic selection and
manipulation of broodstock can be conducted. A successful example
of trait selection is shown by the Norwegian salmon industry,
where the maintenance of individual pedigrees has - allowed

selection resulting in a 12% increase in growth rate per

generation from 1975 (MacKenzie, 1989).

This chapter deals with the collection techniques used to agquire
adult galjoen for broodstock, and maintenance (including disease
control) of adult galjoen‘in-captivity. In addition a biochemical
technique used to determine the sex of live galjoen is'described,_
since sexual differentiation on the basis of external morphology

is unreliable.
3.2: Collection techniques

Adult galjoen, to be used as broodstock in this study, were
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collected By angling énd'by gill-netting using a 170mm stretched
mesh monofilament net. Fish collected by angling were captured
mainly at de Hoop Nature Reserve (34°30'S 20°30'E) and Cape Point
Nature Reserve (34°20'S 18°25'E) and occasionally at otnerlpoints

along the Cape Peninsula. Those captured by gill netting were

-~ taken from Masbaai (34°23'S 18°52'E), a small bay east of Cape
]

Hangklip.

Once captured; galjoen were transported to the Sea.Fisheries
Research Institute (SFRI) laboratories in Sea Point, Cape Town
in 2001 black plastic drums. The drums were filled with sand-
filtered seawater obtained from the laboratory and taken to the
point of collection. Water in the drums was aerated during
transportation. The number of.fish per drum never exceeded 3 and
in most cases was less. During long transportation periods, ice-
blocks_éealed in plastic bags were placed in the transportation

drums in order to retard increases in water temperature.

Upon arrival at the SFRI laboratories the fish were transferred
to_either 40001 glass-fronted aquaria or a 20 0001 portapool,
supplied with a constant inflow of fresh sea-water and
continuously aerated. During the week following capture, tanks
containing newly-arrived fish were dosed with the antibiotic
tetracycline (1.6 mg/l/day) in an attempt to combat bacterial
infection (James et. al., 1988). Food consisting of either
shelled black (Choromytilis spp.) or wnite (Donax serra) mussels
was provided on the fifth day after capture. If the mussels were -

not consumed within one day after introduction, they were removed
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and fresh mussels'weré provided the following day.

Adult galjoen proved to be extremely hardy fish, well able to
withstand the rigours of capture and transportation. Survival of
fish captured both by angling and gill-netting was 100% on all

occasions. This fact is exceptional, especially in the case of

1}
’

fish captured at de'Hoop Nature Reserve, since after undergoing
the stress of being caught ﬁhey were held in the transportation
drums for a minimum of 5 hours before being transferred to
laboratory tanks. No infection of recently éaptured fish was
observed, and'all fish had started to feed between 1 to 2 weeks

after capture.
3.3: Broodstock maintenance

Adult galjoen used as broodstock were maintained in a series of
4000l'glassffronted spawning tanks supplied with.a;:onstant input
of sea-water at a rate of 21/min. Continuous aerétion was
provided through airstones placed at the bottom of each tank and
illumination was regulated through the use of 4 200W light bulbs
suspended above each tank and conneéted to a self-timer (14:10
L:D). Fish were fed daily on either shelled mussels or on a
quasi—artificial_ diet composed of homogenised mussels and
pilchards (Sardinops.ocellata) mixed with trout pellets in the
ratio 1:1?1 and stabilized with gelatine powder added at 4% of
‘the total feed weight; Heater-thermostats were placed in each
tank in an attempt to mainﬁain constant water temperatures;

temperatures were found to fluctuate between 16.5° and 20.5°C.
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Initially, 2 to 3'galjoen'were placed in'each spawning tank.
However, aggressive interactions between adults within a single
tank ﬂecessitated the separation of fish using'an anchovy-net
partition which divided the tanks into two sections. Aggression
appeared to be both sex- and size-linked, with lafge females
Fommonly directing aggression towards smaller males and, on
gccasion, smaller females. Smaller females would also direct
aggression‘toward males of approximately the same size. No male
on male or male on female aggression was observed. Attacks by one
f?sh on another mainly consisted of the agressor '"'ramming" the
"victim with the front of the head, generally in the region just

beneath the dorsal fin in the anterior portion of the victim's
body. Occasional tail- and fin-nipping by the aggressor was also
observed. The victim's response to attack was to tilt the body
until the raised dorsal spines were directed toward the attacking
fish. Prolonged periods éf aggréssion resulted in scale loss,

surface hemmorhaging and general loss of condition of the victim,

. followed by death.

'On one occasion an outbreak of disease occurred in captive
galjoén heid in the spawning tanks. Four out of the 8 fish that
coﬁtracted the disease aied.<The symptoms of'the infected fish
were as follows:

1) reduced feeding,

~2) changes in body colour froﬁ a dark silver-brown to aréale
silver (fish stressed by handling or from being attacked turned
darker brown than normal),

3) "frosting-over'" of the corneas,



33
4) subsurface haemorrhaging, particularly in the fins,
5) increased mucus production over the surface of the body, and

6) loss of coordination.

Identification of the causative agent of the disease was carried
out by microscopic examination of Skiﬁ émears taken from infected
fish. These examinations revealed the presence  of a large
ciliate, later identified as Cryptocaryon irritans Brown. This
ciliate is regarded as the marine equivalent of the freshwater
ciliate causing white spot, Ichthyophthiriusznultifillié‘(Needham
and Wootten, 1978) and has in recent years become an incréasingly
frequent pest in commercial mariculture operations (Paberna,
1983; Colorni, 1985). The parasitic feeding stage‘of C. irritans
(knéwn as the trophont) ranges in size from 50 to 450 um along
the major axis, and lives primarily in and under the epithelial
tissues of the skin, gills, eye and buccal cavity (Wilkie and
Gordin, 1969). Infestation results in the formatiqnvpf'opaque
papules on the surface of the host's skin which later burst to
release the trophont. The trophont then sinks to the substrate
where it encysts to form a tomont. Within the cyst, the tomont
muitiplies and produces several thousand free-swimming tomites
which invade new hosts to form trophonts (Willie and G§rdin,

1969) .

The following treatments were used in an attempt to halt the
disease:
1) a single in situ addition of the antibiotic tetracycline to

give a concentration of 1.6 mg/l (James, pers. comm.),
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2) an overnight bath in a 0.0001% solution of phendxotol, a
preservati&e frequently used to combat diséase in marine aquaria
(Tugwell, pers. comm.),

3) a 1 hour bath in a 2 mg/l solution of malachite green
(Poupard, 1978), |

?) direct application of Sterazin (a commercial product effective
;gainst ectoparasites) onto the skin of an infected fish (van
Zyl, pers. comm.), and

5) a daily In situ addition of copper sulphate to maintain a

concentration of 1.5 mg/l within the tank (Wilkie and Gordin,

1969) .

The only treatment found to give positive results was that of
daily addition of copper sulphate; no fish showing early symptoms
of the disease died once this treatment had been initiated. This
treatment was effective due to the fact that copper is lethal to
the free-swimming stages of C;_irrifans (Wilkie and Gordin,

1969) .

The high%mucus production by infected fish is a normal defence
against protozoan parasites (Lom, 1970 in HuUff and Burns, 1981)
and results in a protective covering being provided for the
parasite. The efficiency of drugs used to control the infection
is therefore mﬁch reduced; it 'is due to this fact that the
parasite is so difficult toveradicate from infected fish. The
copper sulphate treatment can therefore be used to prevent
infection or to treat fish at an early stage of the disease, but

has little effect on fish showing more advanced infections.
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Techniques which have been successfuily used to combat édvanced
infections include a fdrmalin—copper sulphéte shock treatment
(Wilkie and Gordin, 1969) and exposure to either hyper- or
hyposaline water (Cheung et. al., 1979; Huff and Burns, 1981;
Colorni, 1985). However} these treatments were not tested on

infected galjoen since the need for them did not arise after the

t
’

first infestation.

3.4: Sex determination of .live galjoen using a biochemical

technique
3.4.1: Introduction

An essential aspect of fish culture is the ability té determine
the sex of aduit fish required‘for broodstock. Iﬁ many instances,
‘species.selectéd for culture show little or no external sexual
~dimorphism. When séxual dimorphism does oéccur, it is oftgn
limited to a short period corresponding to the pre-spawning staée
of the reproductive cycle. To overcome this probiem, several
techniques have been developed to determine the sex of sexually

monomorphic fish.

A number of invasive technigues such as catheterization (Shehadeh

. et. al., 1973a; Ross, 1984), immunoelectrophoresis (Goedmakers
and Verboom, 1974), fadioimmunoassay of sex hormones (Sangalang
et. al., 1978) or vitellogenin (Idler et. al., 1979) and
immuhoagglutination (le Bail and Breton, 1981) have been

developed. A biochemical assay of blood plasma (Craik and Harvey,
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1984y as well as a non-invasive technique using ultrarsouhd
imaging (Martin et. al., 1983) have also been described. Although
invasive techniques require excessive handling of the fish which
may lead to stress and high risk of injury or infection, the non-
invasive method of Martin et. al., (1983) requires sophisticated

equipment and highly developed technological expertise. In view .
) ,

7

of the fact that such equipment is rarely available in a fish
farm situation, it was felt that one of the invasive techniques
listed above would be more practical for use in an aquaculture
enterprise. Ideally, the technique should stress the fish as
-little as possible, be relatively easy to conduct,'require as
little sophisticated equipment:as possible and be inexpensive.
After examination of the various invasive techniques described,
it was felt that the biochemical assay used by Craik and Harvey

(1984) would best fit the required conditions.

This te?hnique relies on the identification and determihation of
Vitelloéenin in the blood plasma. According to Wallaqe (1978,
vitellogenin,. a calcium-binding lipophosoprotein; is the
precursor of much of the dry matter of the egg yolk. Vitellogénic
females can thereforé be positively identified by high levels of
protein-linked phosphate in the plasma. The bresence and
quantitative estimation of alkali-labile protein phosphorous in

the blood plasma forms the basis of this method.

In this,section the use of the'vitellogenic technique for the
determination of the sex of galjoen, a sexually monomorphic fish,

is described. Being a perciform (Family Coracinidae) it is
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related to a number of other species which are cultured
" commercially in other parts of the world (e.g. sparids, carangids
and lutjanids) and thus the results may be applicable to other

species in this order.

?.4.2: Materials and methods

Galjoén used for blood analysis were caught by angling at de Hoop
Nature Reserve'(34°3o's 20°30'E) during 1986 and 1987. On the day
of capture, usually within 4 hours, blood samples of 3-5 ml were
collected by cutting the branchial artery and suséending the fish
in a head-down position over a funnel leading to a collection
vial. Aligouts of 0.02 ml heparin solution (10 mg/ml in 0.2 M
NaCl) were mixed with the blood to p;event coagulation. Samples
were then centrifuged for 5 minutes at 20000xg to separate the
plasma,-which was then frozen until required for analysis. The
fish were then dissected to determine sex and gonad stage.
Classification of the gonads into different stages of maturity
was according to the method described by Bennett and Griffiths

1 (1986) .

To test the technique under laboratory conditions blood plasma
was collected from captive galjoen held in seawater agquaria at
the SFRI laboratories. In.this case, each fish was removed from
the holding tank, placed on a foam rubber mat and restrained by
an assistant using a damp cloth covering the anterior two-thirds
of the fish. A syringe with a 1 mm external diameter needle was

then inserted midway between the anal and caudal fins. The needle
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wés inserted towérds the ventral side of the spinal column and
" moved gently back and forth whilst maintaining gentle suction.
When the vein was pierced 2 to 3 ml of blood were removed and the
fish was returned to the holding tank. 1.5 mg/l of the antibiotic
tetracycline was added to the tank in an atterﬁpt to reduce

infection. Blood samples were then treated as described above.

!
’

The method of plasma phosphoprotein (PPP) determinafion.was based
on that of Martin and Doty (1949) as modified by Wallace and
Jared (1968 ;Q Craik and Harvey, 1984). 0.5 ml of plasma was
mixed with 5 ml 20% agqueous trichloroacetic acid (TCA) and
allowed to stand at room temperature for 10 minutes. The tubes
were then centrifuged for 10 minutes at 3000xg to precipitate the
lipophosphoprotein and the supernatant was discarded. This
process was repeated using a further 5 ml TCA to remove tfaces
of acid-soluble inorganic phosphorous. The lipophosphoprotein
precipitate was then extraCted using the following sequence of
organic solvents: 'absoluté ethanol at 60°C, ethanol—diethyl
ether-chloroform (2:2:1), acetone, and diethyl ether. In each
case 3 ml of organic solvent was added to the precipitate and
left to stand er 10 minutes after breaking up the solids with
a glass rod to ensure penetration of the splvent. The tubes were
centrifuged for 10 minutes at 3000xg between each staée of

solvent extraction and the supernatant was discarded.

After the extraction pfocess, the precipitate was dried by -
~standing the tubes at room temperature for 2-3 hours. Blank tubes

(containing nothing) and triplicate standards containing 0.5 ml
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standard phosphate (219.5 mg dry KH,PO,/1 = 25 nug P), 0.25 ml
standard phosphate (= 12.5 ug P) and 0.125 ml standard phosphate
(= 6.25 ug P) were prepared and treated identically to the sample
tubes. 1.0 ml 2N sodium hydroxide was aaded to each tube which
was then heated in a boiling water bath for 20 minutes. The tubes

were then cooled and 1.0 ml 2N hydrochloric acid, 5.0 ml

t
’

isobutanol-toluene (1:1), 1.0 ml 0.2M tungstosilicic acid and 1.0

ml 40mM ammonium molybdate in 1.25M sulphuric acid were added.

After shaking, thé tubes were centrifuged for 10 minutes at
3000xg to separate the phases, and 1.0 ml of the upper (organic)
phase was removed. This was then treated with 0.2 ml dilute
stannous chloride (1.0 ml ofla solution of 1.0 g SnCl,.2H,0 in
2.5 ml conc. HC1l diluted to 200 ml with N H,S0,) and 3.8 ml 2%
ethanolic sulphuric acid. Both .the concentrated and dilute
stannous chloride solutions were prepared on\the day of use. The
absorbance of the résultiﬁg solutions at 650 nm waé determined

immediately after mixing, and the results were expressed as ug

protein phosphorous per ml plasma.
3.4.3: Results

PPP levels for female and male galjoen at each stagé of gonad
development are shown in Figure 3.1. Female galjoen ranged in
size from 354 to 504 mm total length (TL) whilst males were 329
to 425 mm TL. As length at 50% maturity is 340 mm TL and 310 mm
TL for females and males respectively (Bennett and Griffiths,

1986), it is reasonable to assume that the majority of fish
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sampled were sexually mature.

80

Females
40 - |

Plasma phosphoprotein (zg/mi)

Gonad stage

Figure 3.1: Plasma phosphoprotein levels for female and male C.
capensis at all stages of gonadal development. Means and standard
deviations are shown, with sample size given in brackets.

PPf‘levels in females were low for stages i and II (0.68 * 0.83
and 1.09 * 1.17 pug/ml respectively) but had increased
substantially by stage III (21.13 % 9.67 Hg/ml) . Thereafter
levelé remained high (28.93 * 12.71, 19.24 * 5.90 and 22.90 %
7.65 ug/ml for stages IV, V and VI respectively) until stage VII
whefe levels_were reduced to 8.41 = 9.02 ug/ml}vThis decrease in
PPP level ét stage VII corresponds to the post-vitellogenic stage
of the female. The highest PPP value occurred at stage IV (max.

value 43.84 ug/ml) suggesting that'yolk synthesis and deposition

in maximal at this stage. PPP levels in male galjoen remained low
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at éll stages, seldom exceeding 1 ug/ml and never exceeding 2

Hg/ml.

The PPP values of captive galjoen are given in Table 3.1. Two of
the eleven fish tested had elevated PPP levels and were therefore

identified as post stage II females. These two fish subsequently
t

épawned thereby confirming their sex.

Table 3.1: Plasmaphosphoprotein levels in captive galjoen; (a)
sex confirmed by milt production, (b) sex undetermined, (c) sex
confirmed by spawning.

Fish # PPP ( g/ml) Inferred sex Determined sex
1 3.46 Imm F or M Male (a)
2 3.67 Imm F or M ? (b)
3 2.92 Imm F or M ? (b)
4 26.95 F (> II) Female (c)
5 2.58 Imm F or M ? (b)
6 0.87 Imm F or M Male (a)
7 0.33 Imm F or M Male (a)
8 6.84 : Imm F ? (b)
9 0.64 _ Imm F or M Male (a)
10 0.48 ; Imm F or M Male (a)

11 21.94 F (> II) Female (c) -

The remainder of fish tested gave PPP values ranging from 0.33
to 6.84 ug/ml, suggesting that they were either males or immature
females. Five of these fish produced'milt when gentle pressure
was applied to their abdomen, positively identifying them as
males. The PPP values for fbur of the males were very low whilst

the fifth male showed an unusually high level of 3.46 ug/ml.

All fish from which blood samples had been taken exhibited signs
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of stress, becoming dark in colouration and refusing to feed for
two to five days following the operation. However, in no case did

this stress lead to mortality.
3.4.4: Discussion

Several studies have been published which demonsfrate that
females and males of sexually monomorphic species may be
identified by the presence or absence of high vitellogenin levels
in the blood plasma. Emmerson and Petersen (1976) gave values of
4.37 = 0.09 ug protein phosphorous per ml plasma for male and

47.9

4+

5.6 ug/ml for vitellogenic female flounder (Platichthys
flesus). Craik and Harvey (1984) reported that wvitellogenic
females of a range of species had values of 20-100 ug/ml whilst
males, non-vitellogenic females and immature fish of both sexes

gave values of less than 7.5 ug/ml.

Whitehead et. al. (1978) observed an increase in plasma
phosphoprotein phosphorous of rainbow trout (Oncorhynchus mykiss)
from an initial basal level of 25 to 400 ug/ml just prior to
spawning. However, the method used by these authors determined
the plasma protein phosphorous by measuring the total phosphorous
of the 1lipid-free TCA precipitate. The valués obtained,
therefore, include all the nucleic acid phosphorous present in
the plasma and are therefore higher than would be expected if

only the alkali-labile phosphorous was measured.

The results presented here suggest that the PPP technique is
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useful in determining the sex of live galjoen. There are howéver,
a number of advantaées and disadvantages of this method when
compared to other techniques. The major advantages are that the
assay is inexpensive, requireé.only basic biochemical materials
'and equipment ana is relatively simple to perform. Immunochemical
Fechniques are much moré complicated in that they require
antisera to be produced befofe the test can be performed whilst
radioimﬁunoassay techniques require isotopically labelled
antigens and counting equipment. The major disadvantages of the
biochemical assay are that it requires a larger volume of plasma
and is less sensitive than the other methods. Identification of
the sexes becomes unreliable when the PPP difference is less than
3 upg/ml (Craik and Harvey, 1984). These disadvantages are
however, unimportant when the assay is applied to galjoen since
large volumes of blood ‘can be removed from the fish without
excessive stress. Vitellogenin is also present at high enough
levels during vitellogenesis to offset_thé lack of sensitivity
of this method. This would presumably also apply to other species

of Perciformes.

It §hould be noted that it is not possible to express PPP
concentration in terms of vitellogenin concentration as the
protein phosphorous content of galjoen vitellogenin is unknown.
Whitehead et. al. (1978) assumed a phosphoprotein content in
vitellogenin of 1.4%, whilst Craik and Harvey (1984) assumed a
value of approximately 1%. De Vlamming et. al. (1980) found the
vitellogenin of goldfish (Carassius auratus) to contain 0.79%

protein phosphorous. It would not seem unreasonable therefore,
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to assume the phosphoprotein content of galjoen vitellogenin to
be about 1%; in this case the plasma vitellogenin concentration

in vitellogenic females would be approximately 2.0 mg/ml.

This study has demonstrated that the sex of mature galjoen can

be determined on the basis of elevated PPP levels. Because the
t . .

I4

test specifically measures yolk protein in the plasma it is
unlikely to misidentify a male as a female. The test may,
however, fail to distinguish pre- or post-vitellogenic females
from males or immature fish of either sex. In spite of this, the
test can be used to identify female fish several months prior to

spawning.
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CHAPTER 4: NATURAL AND INDUCED SPAWNING OF GALJOEN IN

CAPTIVITY
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4.1: Introduction

One of the major requirements for agquaculture programmes is that
the entire life cycle of the culture species should be completed
in captivity. For cultured organisms, the life cycle can be
divided into four sections: breeding, larval rearing, grow-out
and broodstock development. Many of the marine fish species
selected for culture do not breed spontaneously in captivity,
this generally being due to the female not becomming
repréductively active. Whilst spermiogenesis in captive males is
often complete, the oocytes of females may develop to final
maturation but then undergo rapid atresia (Zohar et. al., 1989)
and spawning will not occur. Conditioning or induced spawning
techniques must thus be utilized to stimulate reproduction in

captivity.

Under natural conditions, reproductive cycles in fish are
regulated by environmental influences. O0Of these factors,
temperature and photoperiod are the two most important affecting
gonadal maturation and the onset of spawning (Kuo et. al., 1974;
Shepherd, 1988). Captive fish can be conditioned to an advanced
stage of gonadal maturity thrdugh manipulation of temperature and
photoperiod. This conditioning stimulates gametogenesis and in
some species is sufficient to cause spawning (eg Roberts et. al.,
1978; Devauchelle et. al., 1987). In some culture species
however, gonadal maturation and spawning are induced throughlthe
use of a variety of hormones. These hormones are introduced into

the fish by injection or concealed in food, and act upon various
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sites along the hypothalamus-pituitary-ovary axis.

Although the primary use of hormone-induced spawning techniques
is directed at species thaf do not reproduce in captivity, these
techniques can also be used to synchronize or alter the time of
?pawning of species that are able to reproduce naturally in
éaptivity. In this way, gametes may be obtained éutside the
normal spawning season and possibly throughout the entire year

(Bryan et. al., 1975; Hara et. al., 1986).

Until two decades ago, techniques to induce ovulation and
spawning in fish were limited to what can be referred to as first
generation tehniques (Donaldson and Hunter, 1983). These induced
spawning technigques initially consisted of the injection of
certain gohadotropin—containing compounds. These compbunds
included pituitary extracts from another fish of the same or a
différent species (eg Kuo et. al., 1974; Rothbard, 1981) or
various gonadotropins of either piscine or mammalian origin,
inéluding salmon gonadotropin (SG-100; eg Shehadeh et. al.,
1973b; Jﬁario et. al.,v1984), human chorionic gonadotropin (HCG;
eg Gordin and Zohar, 1978; Rowland, 1984) and pregnant mare serum
gonadotropin (PMSG; eg Hoff et. al., 1972). Gonadotropins act by
causing corticosteroid or progestogen secretion, which in turn
stimulate ovigénesis and ulfimately result in spawning (Lam,
1982) . However, the use of first generation techniques is not
without problems. Fish gonadotropins tend to be species specific
(Bye et. al., 1980), whilst other gonadotropins such as HCG are

not effective in every species tested (Lam, 1982). In addition,
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the use of heterologous gonadotropins may also lead to an immune
response in the treated fish, resulting in refractoriness to the
hormone (Zohar et. al., 1989). To overcome these_deficiencies,
a search for alternatives to gonadotropins has led to the

development of second generation induced spawning techniques.

7

Second generation techniques employ hormones which either
stimulate the production and release of gonadotropins from the
pituitary, or act directly within the ovary. Those resulting in
gonadotropin release include antiestrogens (eg Pandey and Hoar,
1972), luteniiing hormone releasing hormone (LHRH; eg Lam et.
al., 1975) or its analogue (LHRH-a; eg Lee et. al., 1986) and
pituitary luteinizing hormone (PLH; eg Cardeilhac, 1976).
Hormones acting within the -ovary include steroids such as
progesterone, which induces germinal vesicle migration, breakdown
and hence final maturation in teleost eggs (eg Jalabert et. al.,
1977) and corticosteroids, which induce ovulation (eg Hogendo:n,
1979) . Prostoglandins such as PGF, (eg Stacey and Goetz, 1982;
Liley and Tan, 1985) are also included in this category,‘and are
implicated in the control of spawning beﬁaviour (Donaldson and
Hunter, 1983). Second genératibq spawning inducers are small
molecules relative to gonadotropins, and can be produced
synthetically. In addition they are generally free of species
specificity, and hence extremely applicable (Donaldson aﬁd

Hunter, 1983).

Although the discovery of second generation hormones has led to

greater specificity and increased control over induced spawning,
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a survey of the literature reveals that mammalian gonadotropins
such as HCG are still widely used to stimulate spawning in
captivity (Minton et. al., 1983; Farandé et. al., 1985; Mok,
1985; Szedlmayer, 1987). Factors responsible for the widespread
use of mammalian hormone§ include their availability, storage
properties, standafdization, andvcost competitiveness (Donaldson
;nd Hunter, 1983).

This chapter discusses ﬁatural spawning in capti?ity, and an
investigation of the use of two mammalian gonadotropins, HCG and

PMSG, to induce spawning in captive galjoen.
4.2: Natural spawning in captivity

Galjoen spawned in captivity on numerous occasions when held
under condition; of temperature and photoperiod approximating
natural, spawhing season cbnditions.vTEmperature in the 40001
spawning tanks was maintained through the use of submerged
heater-thermostat uni£s whilst a photoperiod of 15:9 (L:D) was
set using 4 100-W bulbs suspended above each spawning tank aﬁd
linked to a timer unit. All natural spawns occurred at night, and

egg production for several of the spawnings was estimated by

subsample (Table 4.1).

Spawning occurred over a range of temperatures from 16.2 to
21.0°C, with average spawning temperature being 18.5 = 1.2°C (n
= 27). Percentage fertilization for newly-spawned eggs was‘also

determined; viable, fertilized eggs were clear and floated in the
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water column whilst dead, unfertilized eggs were opague and

negatively buoyant.

Table 4.1: Spawning date, water temperature, estimated egg
production and fertilization of eggs from natural captive spawns.

Date Temp Egg prod. in 000's Egg Prod % Fert.
’ (°C) (+ std.dev.) (#/g BW)

22/12/85 18.0 ———eemem e
5/1/86 17.5  ———e—aoeee oo
12/1/86 18.3 mm—-=ammee e
17/1/86 19.2 - eeeee oo oo

28/1/86 19.0 361.6 = 29.4 172 71
8/2/86 20.0 e——ee—emeee e
17/2/86 19.5 160.9 + 53.1 124 ——ee-
18/2/86 20.0 190.3 + 49.0 91  ———-
27/2/86 20.0 257.5 = 20.0 198  —ee—-
9/3/86 19.0 276.8 = 11.1 132 ———e-
13/3/86 20.1 283.5 + 34.3 218 ———e-
24/3/86 21.0 . 260.4 + 6.3 124 97
28/11/86 17.4 —eeee aeeee e
11/12/86 16.8 373.2 = 111.4 182 e
25/12/86 16.2 361.2 = 65.9 216 51
10/2/87 18.0 321.2 = 33.8 155 98
9/1/89 19.5 412.4 =+ 48.8 375 98
24/1/89 18.5 415.6 = 75.2 378 30
7/2/89 19.0 —ee—— e o
21/2/89 18.5 339.2 % 10.4 308 89
23/9/89 17.0 e—eee et ol
5/10/89 16.7  me———ameee oo
10/10/89 17.2 63.2 = 22.8 58 0
12/11/89 18.0 168.0 = 35.6 30 ————-
15/11/89 17.4 —eeee T ameee e
1/12/89 18.1 250.8 * 21.6 228 - 96
11/12/89 19.7 336.4 = 21.2 306 ° 98

Sex ratios in the spawning tanks ranged from 1 male to 2 females
through to 1 female to 2 males. In the latter case, only one male
was observed to interact with the spawning female, the second
male keeping away from the spawning pair. On two occasions

natural spawning occurred between two fish separated by the
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netting partition described in Chapter 3.

On three occasions, courtship and spawning behaviour was
observed. Prior to spawning, both the male and the gravid female
became darker in colouration from silver to brown. The male was
Frequently observed to nose against the swollen underbelly of the
female. Lateral displays between the male and female were seen
with both fish éircling each other with spread fins, shaking

their entire bodies.

Courtship coincided with hydration of the female and usually
began late in the afternoon. Displays were continued
intermittently until spawning éccurred, which was generally
between 10 pm and 2 am the following morning. Actual spawning
behaviour consisted of the breeding pair positioning themselves
alongside each other, with the ventral surfaces of both fish in
close proximity. Release of the eggé by the female was followed

by immediate milt release by the male.

Benne£t and Griffiths (1986) suggested that galjoen were serial
spawners, since the more advanced ovarian stages (stages 4-6)
showed a bimodal distribution of oocyte size. Observations on
captive natural spawning confirmed this; individual galjoen were
found to spawn several times during the spawning season. Two
females each spawned six times from December '85 to March '86.
An estimate of spawning periodicity was determined from six
females which spawned serially in captivity (Table 4.2), andeas

found to be 13.4 = 2.5 days (n = 14). It is possible that in the
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natural environment this 2 week spawning cycle is 1linked to

phases of the moon.

Table 4.2: Natural spawning periodicity of several captive
galjoen.

. Spawn date Previous spawn date Interval (days)
5/1/86 22/12/85 14
17/1/86 5/1/86 12
28/1/86 21/1/86 16
8/2/86 28/1/86 11
18/2/86 8/2/86 10
27/2/86 17/2/86 10
9/3/86 18/2/86 19
13/3/86 27/2/86 14
24/3/86 9/3/86 15
11/12/86 28/11/86 13
24/1/89 9/1/89 15
7/2/89 24/1/89 14
21/2/89 7/2/89 14
11/12/89 1/12/89 11

Released eggs were positively buoyant and transparent with a
single prominent oil globule (Plate 4.1). The diameter of unfixed
eggs ranged from 944 to 992 um, with the oil globule diameter

ranging from 240 to 250 pm.

On some occasions a few eggs with more than one oil globule were
observed; abnormal eggs were nevér more than 10% of samples
examined (average abnbrmality =5.2 % 3.6%; n = 15). Mean weight-
standardised egg production was 194.8 * 101.8 eggs/g/body weight
(n = 17); the maximum values of 374 and 377 being very close to
fhe maximum possible output calculated by Bennett and Griffiths

(1986). Fertilization rate (as measured by egg viability) was
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is applied in several doses; either a second, smaller dose is
given some time after the first (eg Minton et. al., 1983), or
similiar sized doses are ¢ ven at constant intervals until

ovulation and spawning occur (eg Mok, 1985).

In contrast to HCG, pregnant ire serum gonadotropin has not been
extensively used to induce s wning. Successful induced spawning
using PMSG has only been reported for a few species, including
gulf croaker, Bairdiella . 'istia (Haydock, 1971) and winter
flounder, Pseudopleuronect 5 americanus (Smigielski, 1975).
Regular injections of PMSG Lt 1 IU/g body v ight were found to
be effective in initiating wvitellogenesis in mullet, Mugil
cephalus (Kuo et. al., 1974), although this did not 1lead to
spawning. Oocyte diameter of Florida pompano, Trachinotus
carolinus, did not appear to be affected by PMSG at a dose of

0.055 IU/g body weight (Hoff et. al., 1972).

The presence of multiple o0il globules in eggs which normally
possess only one has been reported 1 : sev ral species induced
to spawn using HCG (Kuo et. al., 1973; Cardeheilac, 1976; Hoff
et. al., 1978; Roberts and Schlieder, 1983). These authors have
suggested that premature spawning resulting from a hormone
overdose 1is characterized by multiple o0il globules in each
oocyte. Under natural conditions of development, the oocytes of
several species of fish possess multiple o0il globules which
coalesce before ovulation (eg Lutjanus campechanus; Minton et.
al., 1983), coalescence occurring at approximately stage IV of

the gonadal maturation cycle in mullet (Mugil cephalus; Kuo et.
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increased egg abnormality cc¢ pared to eggs from natural captive
spawns. Egg production was also much reduced at higher hormone
doses. In addition, on only 1e occasion did fertile HCG-induced

eggs survive to hatch.









il.












[N
A

IR,

T

21






A


















i |

ir



iy



















































Le

1e






e

el
























bz

L1

o g

als






114
caused larvae to become disorientated and resulted in even
disy .on throughout the tank. Sampling was repeated three times
per tank every two days after hatching. Measurements of water
gquality including temperature, dissolved oxygen, pH and salinity
were taken daily from each tank. The experiment was conducted for
13 days after hatching of the . rvae, by which time densities had

droj _ :d to almost zero, and remaining larvae were moribund.

Larvae were offered a mixture of rotifers and copepod nauplii as
food organisms at densities of 10-15/ml from 3 days after
hatching. Food organism mixtures were replenished every 2 days

to maintain these concentrati 1s.

6.2.5: Rearing trial #4

This trial was conducted to examine the effect of rearing tank
size and associated features on larval survival and growth.
Rearing containers of several (zes were used, including 51 glass
beakers, 201 rectangular glass aquaria, 3001 and 8001 asbestos
tanks and 601, 1001 and 10001 conical-bottom fibreglass tanks.
The beakers and glass aguaria were kept inside a constant
temperature room maintained at 18.0°C whilst the asbestos and
fibreglass tanks were kept outside and held at ambient water
temperatures of 19.0-21.0°C. In general, the smaller containers
experienced faster water turnover rates ranging from a 90%
exchange every 0.5-3 hours whilst 90% exchange in the larger
tanks required 0.5-8 hours. Fertilized eggs obtained from natural
captive spawns were placed in the various rearing tanks at a

density of approximately 10 e jys/litre on the morning following
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financial success. Culture of blacktail in South Africa would
therefore appear to be extremely feasible, since production could
be exclusively destined for oreign markets. In view of these
facts, it is felt that pilot-scale production of blacktail should
be undertaken immediately. TI results obtained from such a study
could lead to placktail becom: g South Africa's first large-scale

!

commercially cultured marine fish.
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