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Abstract
This study provides baseline information on the annual reproductive activity of wild
black bream, the effect of capture and confinement on plasma steroid levels, suitable
induced ovulation protocols and the effect of salinity on reproductive development,

induced ovulation and egg fertility and development.

The annual change in reproductive condition and plasma levels of sex steroids in black
bream, was investigated by measuring changes in gonadosomatic index (GSI),
hepatosomatic index (HSI), gonad stage and plasma concentrations of sex steroids. Black
bream have an annual reproductive cycle with a 3 month spawning season in spring / early
summer with daily cycles of gonadal maturation and plasma steroid levels. Elevated levels
of plasma estradiol-17f (E,), testosterone (T) and 11-ketotestosterone (11KT) were
associated with gonadal recrudescence, and elevated plasma 17,2083-dihydroxy-4-pregnen-
3-one (17,20BP) levels were associated with final oocyte maturation and spermiation in

female and male fish respectively.

The stress-induced changes in concentrations of plasma sex steroids in black bream
were investigated by blood sampling at capture and in fish confined for 15, 30 minutes, 1,
3, 6, 12 or 24 hours. Confinement resulted in significantly elevated plasma cortisol levels,
reduced plasma levels of E; and T within 1 h in females, and suppressed plasma levels of T
and 11KT after 30 min and 6 h respectively in males. Plasma levels of 17,20BP increased
decreased or remained unchanged. This study indicates that stress exerts a rapid inhibitory

effect on gonadal steroidogenesis in black bream.

The effect of hormone therapy to induce ovulation was assessed by injecting mature
female black bream with saline, human chorionic gonadotropin (hCG) or luteinizing
hormone releasing hormone analogue (LHRHa) at capture, or 24 hrs post capture.
Treatment with LHRHa or hCG resulted in fish ovulating throughout the experiment, with
LHRHa treatment at capture resulting in the best ovulatory response. Injection with hCG
or LHRHa at capture resulted in the short term elevation of plasma E; and T, whereas,
injection of LHRHa 24 hrs post-capture did not elevate plasma E; or T levels over controls.

Plasma levels of cortisol and 17,208P were unaffected by hormone treatment. These
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results show that capture and handling stress reduces the responsiveness of fish to
exogenous hormone treatment and that best results are obtained if hormonal treatment is

administered at the time of capture.

The effects of salinity (5, 20 or 35%o) on seasonal reproductive development, plasma
steroid levels, the efficacy of LHRHa to stimulate ovulation, sperm motility, and egg
fertility and development to hatching were investigated. Gonadal maturation and seasonal
plasma steroid levels were essentialfy unaffected by salinity in both sexes. Hormone
therapy resulted in the typical endocrine and ovulatory response in all three salinities,

however, egg production was reduced in fish held at 5 %o. Both fertilisation and sperm

motility were significantly reduced at 5%o. Egg development was best over a salinity range

of 20-35%eo.
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CHAPTER 1

General introduction.



1. General introduction

1.1 Aquaculture; a rapidly growing industry

Australia has the third largest fishing zone in the world, but due to its nutrient-
poor waters, productivity is not high with fisheries production being ranked at 53 in
the world for 1996 (FAO 1996). Similarly, Australian aquaculture is also small by
world standards, however, its share of the total value of Australian fisheries
production has steadily increased in recent years to around 25% in 1996 (Brown et al.,
1997). Australia’s total landed weight of fisheries products is not expected to expand
much beyond its present level and with improving technology and increase in fishing
pressure, some fisheries are becoming over-exploited (Williams and Stewart 1993).
Public demand for fish products continues to increase and natural resources will not
be able to meet this demand. Therefore, it is clear that expansion of the aquaculture
sector is essential if local fish production is to satisfy increasing consumer demand.

In 1995-96 the volume of Australian aquaculture production was dominated by
Atlantic salmon (Salmo salar; 7647 t), followed by rainbow trout (Oncorhynchus
mykiss; 2498 t), southern bluefin tuna (Thunnus maccoyii; 2013 t), and barramundi
(Lates calcarifer; 529 t) (Brown et al., 1997). In order to keep up with increasing
local demand and also to establish and compete with international export markets,
there is a need to develop additional finfish species which can be cultured within
Australia. Diversification of the Australian finfish portfolio is considered necessary to
protect industry against potentially crippling disease outbreaks in existing species,
reduce imports of fish products into Australia, and expand the regions in Australia in
which marine fin fish farming can be undertaken (Williams and Stewart 1993).

Before a species can be commercially cultured it must first have market
acceptability and be biologically manageable. Market profiles are easily determined,
but the biological suitability of a species can only be determined through '
understanding its reproductive biology, nutritional and growth requirements and
susceptibility to health problems in the culture environment (Pankhurst 1998a).
Gaining this knowledge is one of the key components of research and development in
establishing sustainable aquaculture. Australia is yet to develop a significant marine

fish farming industry of non-salmonid species (Brown et al., 1997), with new species



development being slow and problematic (Pankhurst 1998a). One of the major
constraints in the development of a marine fish farming industry has been the absence
of suitable technology for Australian species (Brown et al., 1997). However, the
transfer of technology and techniques developed for marine fish species in other
countries has initiated the development of various marine farm operations and
research facilities across Australia (Pankhurst 1998a). This is particularly so for
members of the sparid family, which form significant aquaculture fisheries throughout
the world, and the methods used are directly transferable between species (Foscarini
1988; Battaglene 1995; Cowden 1995). Snapper Pagrus auratus, has been intensively '
farmed in Japan for over 30 years (reviewed by Foscarini 1988), however, in Australia
the first recorded induced spawning and larval rearing of snapper occurred in 1992
(Battaglene and Talbot 1992). Since then, research into snapper has developed at an
accelerated rate due to the thorough understanding of its biology (Pankhurst and
Carragher 1992; Carragher and Pankhurst 1993; Scott and Pankhurst 1993; Scott et
al., 1993), and commercial hatcheries and grow out farms have already been
established in Western Australia, South Australia and New South Wales (Cleary
1998). The major bottleneck for the developfnent of the snapper farming industry has
been a unreliable supply of high quality eggs for hatchery production of juveniles
(Battaglene 1995; Cleary 1998) However, with the recent improvements in controlled
spawning, larval rearing, and the domestication of broodstock, the future for snapper
farming in Australia looks promising (Battaglene 1995; Cleary 1998; Fielder et al.,
1999).

Another constraint in the development and expansion of marine finfish farming is
the lack of suitable sites, with the majority of appfopriate sites having already been
occupied and the remainder of Australias unpolluted coastline being relatively
exposed (Williams and Stewart 1993; Brown et al., 1997). The alternative is to
develop shore based coastal sites or inland sites using saline groundwater. Australia
has huge resources of inland saline water, including natural saline lakes, shallow
aquifers and deep aquifers (Nulsen 1999) . There are numerous natural saline lakes
across Australia, but these tend to be ephemeral and often have high ecological
importance. As a consequence, the use of these resources for aquaculture appears to

be limited with the exception of the stocking of saline lakes that do not dry up



seasonally with euryhaline species for establishing put and take fisheries (Jenkins
1999).

Saline ground water is generally considered more in terms of its treat potential for
agriculture than as a potential aquaculture resource. The replacement of deep rooted
perennial vegetation with shallow rooted agricultural crops combined with the
irrigation of these crops is responsible for rising saline water tables and increasing
salination and waterlogging of agricultural land (Blackwell 1999; Nulsen 1999).
Saline ground waters do not need to be highly saline to cause problems for agriculture,
with salinities as low as 3%o quickly accumulating to toxic levels in the plant root
zone (Nulsen 1999). Current practice to reduce the height of rising water tables
involves the pumping of water into evaporation basins. To date these ponds are not
exploited but there is considerable interest in using the resource for inland mariculture
of a variety of fish species (Allan and Fielder 1999; Gooley et al., 1999; Hutchinson
1999; Jenkins 1999; Paust 1999). The use of this resource for the production of
aquaculture products would help to offset saline water management costs and reduce
capital costs in developing an aquaculture venture, as the engineering infrastructure is
often already in place (Pankhurst 1999).

Deep saline aquifers generally have very favourable characteristics for
aquaculture as they typically contain very low bacterial and viral counts and
temperature is stable throughout the year. However, deep extraction does not
contribute to ground water management and could even exacerbate the salinisation of
ground water. Conflict between the requirements of ground water management
programs and the desire to have good quality water for aquaculture does not preclude
use of the resource. The availability of high quality water is one of the key
réquirements of the hatchery production of marine finfish and saline water from deep
aquifers is the most desirable for this purpose. In this case, special water management
will be needed, such as the reinjection of saline water into deep bores after use in
order to meet the requirements for both land management and aquaculture (Ogburn
1999; Trendall et al., 1999).

Examples exist elsewhere in the world where fish mariculture has developed in
arid areas using ground water as a resource. For example, tilapia (Oreochromis spp)

are intensively farmed using brackish water from an aquifer in an Israeli desert



(Pruginin et al., 1988), and red drum have been shown to survive and grow well in
saline (5-15%o) ground waters in Texas (Forsberg et al., 1996). Therefore, the
development of inland saline aquaculture in Australia will be assisted by using the
knowledge and technology developed in other countries. Forsberg et al. (1996)
suggested that the salinity and specific-ion concentrations were the best guidelines for
measuring the potential of saline ground water for red drum culture. Therefore,
characterisation of the composition of saline waters in Australia is a priority for

research.

1.2 Black bream

The black bream Acanthopagrus butcheri, is.an euryhaline sparid endemic to the
estuarine waters of southern Australia and forms important recreational and
commercial fisheries (Stewart and Grieve 1993). It is thought to spend its entire life
cycle in the estuarine environment, and there is little evidence of movement of fish
between estuaries. In consequence, there are distinct genetic differences between
black bream populations that are geographically isolated (Chaplin et al., 1998).
Therefore care must be taken when generalising about black bream populations. This
is particularly so in respect of the timing of reproductive events, as the environmental
conditions between estuaries that black bream inhabit are extremely variable (Sarre
and Potter 1999). !

Black bream is reported to reach a maximum size of 60 cm and 4 kg (Stewart and
Greive 1993) and is long lived, reaching a maximum reported age of 29 years
(Morison et al., 1998). Itis a deep bodied fish with colouration ranging from a dark
bronze or olive green to bright silver. The species favours snaggy and rocky areas of
habitat where sufficient cover is provided, and is an opportunistic feeder on
crustaceans, molluscs, polychaetes, small fish, and may consume large amounts of
algae (Sarre et al., 2000). As a truly euryhaline species, black bream has the ability to
withstand a wide range of environmental conditions.

Black bream stocks across Australia are in danger of being over-exploited, which
has resulted in the initiation of several studies on stock assessment, reproduction,
fingerling production and their use in stock enhancement (Morison et al., 1998;

Jenkins et al., 1999; Lenanton et al., 1999; Sarre and Potter 1999; Sarre et al., 2000).



In addition, the ability of black bream to withstand a wide range of environmental
conditions has promoted considerable interest in its aquaculture potential for stocking
into brackish and saline waters of inland Australia (Ingram et al., 1996; Jenkins 1999;
Maguire and Sarre 1999). Under experimental conditions, growth and survival of
juvenile black bream is not affected over a salinity range of 12-48 %o (Jenkins et al.,
1999). Juvenile black bream have now been stocked in numerous water ways across
Australia (Jenkins 1999; Jenkins et al., 1999), however, it is currently not known
whether these fish will become reproductively active in these saline waters. To date,
no information is available on the reproductive physiology of black bream or the
effect of salinity and common aquacultural practices on the reproductive activity of
black bream. It is clear that black bream can undergo sexual maturation over salinity
ranges of 3-45%o (Sarre and Potter 1999) but there is little information on either the
specifics of reproductive management or larval survival. This information is essential
for the successful development of restocking programs, the establishment of new
black bream fisheries and the development of commercial black bream aquaculture in

Australia.

1.3 Endocrine control of reproduction

Except for the capture of juvenile fish for on-growing to market size, the
successful development of marine fish farming is dependent on the availability of
viable gametes. This can be achieved by several routes including the collection of
naturally spawned eggs from the wild, the stripping of gametes from mature wild
caught fish, acclamation of wild fish as broodstock and finally the ongrowing of
hatchery reared fish to sexual maturity (Pankhurst 1998b). The effective management
of reproduction in aquaculture relies on a thorough understanding of the pattern of
gamete development, spawning duration and frequency and the associated endocrine
changes. With this knowledge, potential bottlenecks can be identified and husbandry
procedures optimised.

Reproductive processes in fish start when the germinal tissue in the developing
gonad differentiates into spermatogonia and oogonia in the testis and ovary
respectively (reviewed in Nagahama 1983). In females oogonia develop into

previtellogenic oocytes and at the time of sexual maturation these oocytes begin to



sequester yolk proteins synthesised in the liver. This process is known as
vitellogenesis and is responsible for the majority of gonad growth (Mommsen and
Walsh 1983; Tyler 1991; Specker and Sullivan 1994; Tyler and Sumpter 1996). Final
oocyte maturation (FOM) begins with the migration of the oocyte nucleus (germinal
vesicle) to the animal pole, the coalescence of yolk and lipids and in most marine
species a large increase in oocyte size due to hydration (Wallace and Selman 1981;
Nagahama 1983). Oocytes that have completed FOM are released from the ovary by
rupture on the ovarian follicle and at this stage the fish is ready for the behavioural act
of spawning (Pankhurst 1998b).

There are three recognised modes of ovarian growth - synchrony, group
synchrony or multiple group synchrony (reviewed by Wallace and Selman 1981;
Wallace et al., 1987; Pankhurst 1998b). Fish that display a synchronous mode of
reproduction posses a single clutch of maturing oocytes in the ovary. Such an
example is the pacific salmon (Onhorhynchus spp) that spawn only once before dying.
Group synchronous species, such as rainbow trout, spawn more than once in their life
time but typically only once per season. The ovaries in these types of fish contain a
batch of previtellogenic oocytes and a maturing clutch of oocytes for spawning in the
current season. Multiple group synchrony describes ovarian development where there
are multiple clutches of oocytes produced within a spawning season, and is the most
common among the teleosts. In extreme cases, such as in snapper, FOM, ovulation
and spawning occur on a daily basis over an extended spawning season of several
months (Scott et al., 1993). This pattern is sometimes termed asynchronous (Wallace
and Selman 1981; Wallace et al., 1987).

In males, spermatogonia mitotically divide to produce primary spermatocytes
before meiotic division to form secondary spermatocytes and subsequently spermatids
(reviewed by Grier 1981; Nagahama 1983; Pankhurst 1998b). This process is termed
spermatogenesis. Once complete the process of spermiogenesis begins and spermatids
divide again to produce spermatozoa. Spermatozoa are then released into the sperm
ducts via the process of spermiation and there is an increase in water content of the
seminal fluid to produce milt (Pankhurst 1994). The mode of gamete development in

males essentially mirrors the patterns described for females.



The initiation of reproductive development in fish is controlled by exogenous
(environmental) and endogenous (endocrine) factors. Environmental cues, such as
photoperiod and temperature, regulate endocrine activity by exerting their effect on
the hypothalamic-pituitary-gonad axis (reviewed by Peter 1983; Peter and Yu 1997,
Pankhurst 1998b). In response to environmental cues the hypothalamus produces
gonadotropin releasing hormone (GnRH) and dopamine (DA). GnRH and DA actin a
stimulatory and inhibitory fashion respectively on the release of gonadotropins (GtHs)
from the pituitary. Once released into circulation GtHs act by binding to specific
membrane-bound receptors in the ovary and testis, which subsequently initiates
steroid biosynthesis. Two forms of GtHs have been identified GtH-I and GtH-II
(Suzuki et al., 1988; Swanson 1991; Van Der Kraak et al., 1992). Both GtHs have
similar actions in stimulating gonadal DNA synthesis and steroid biosynthesis, but
have temporally separated actions. Plasma levels of GtH-I tend to be highest during
gonad growth and GtH-II is associated with final maturation (reviewed by Swanson
1991; Peter and Yu 1997). _

Within the ovary, oocytes are surrounded by the ovarian follicle comprised of two
cell layers, thecal (outer), and granulosa (inner). The outer thecal layers contribute to
steroid production by synthesising steroid precursors such as 170
hydroxyprogesterone (17P) and testosterone (T) (Kagawa et al., 1982; Kagawa et al.,
1983). During vitellogenesis the inner granulosa cells then aromatise T to 178-
estradiol (E;) which is subsequently released into the blood stream and stimuiates the
liver to synthesise yolk proteins (reviewed by Specker and Sullivan 1994). At the
completion of vitellogenesis, there is a shift in the steroidogenic activity of the
granulosa cells. This marks the beginning of FOM where E; is no longer produced
and 17P is converted to the maturation inducing steroid 17,20B-dihydroxy-4-pregnen-
3-one (17,20BP), or in some species 17,200,21-trihydroxy-4-pregnen-3-one
(17,20B21P) (reviewed in Nagahama et al., 1983; Thomas 1994; Nagahama 1995;
Pankhurst 1998b) Ovulation follows FOM but is generally steroid-independent, with
F-series prostaglandins initiating the rupture and expulsion of the mature oocyte
(Goetz 1983; Pankhurst 1998b).

The leydig cells are the major sites of gonadal steroids in males, however,

spermatozoa and the epithelial cells around the vas deferens are also steroidogenic



(reviewed by Fostier et al., 1983; Fostier et al., 1987). Males differ from females in
that aromatase activity is low or absent, and that T and its derivative 11-
ketotestosterone (11KT) are the dominant steroids during testicular development.
These two steroids control the initiation and maintenance of spermatogenesis, the
development of secondary sexual characteristics, and may also modulate various
aspects of reproductive behaviour. 17,200P is produced later in the reproductive cycle
of males and is believed to regulate spermiation and milt hydration. (reviewed Fostier

et al., 1987; Pankhurst 1994; Pankhurst 1998b)

1.4 Stress and Reproduction

It is now well established that stress has the capacity to inhibit reproductive
processes at every level of endocrine control so far examined (reviewed by Pankhurst
and Van Der Kraak 1997). Stress results in two types of endocrine response, the
adrenergic response which results in the rapid (within seconds) release of adrenaline
and noradrenaline, and the hypothalamo-pituitary-interrenal (HPI) response (reviewed
by Mazeaud and Mazeaud 1981; Barton and Iwama 1991; Sumpter 1997). Adrenaline
and noradrenaline promote changes that increase oxygen uptake and blood glucose
levels, providing an immediate energy source to deal with the stressor. Activation of
the HPI axis stimulates the hypothalamic neurones to secrete corticotropin releasing
factor which acts on the pituitary to release adrenocorticotrophic hormone (ACTH).
ACTH subsequently stimulates the interrenal tissue to synthesise cortisol, which acts
in releasing further energy reserves by the stimulation of gluconeogenesis. The effect
of stress and / or cortisol are also know to elicit several secondary responses affecting
metabolic (plasma glucose, liver and muscle glycogen and adenylate levels and lactic
acid dissociation to lactate” and H"), hematological (haematocrit, leucorit, erythrocyte
and leucocyte numbers), hydromineral (plasma chloride, sodium, potassium, protein
and osmolarity) and structural (interrennal cell size and condition factor) condition
factors (reviewed by Barton and Iwama 1981; Barton 1997) In the natural
environment the effect of stress responses are thought to be short lived, however, in
the aquacultural environment, the stressor may be prolonged (Barton and Iwama
1981). Long term exposure to stress generates tertiary responses that can compromise

immunocompetence, growth rates and reproductive capacity. Stress and / or cortisol is



known to affect plasma and pituitary gonadotropin levels, steroidogenesis, plasma
vitellogenin levels, gamete development and quality, and subsequent egg and larval
survival and development (reviewed by Pankhurst and Van Der Kraak 1997). These
effects can have severe consequences for the management of captive or farmed fish

and therefore stress reduction must be a priority of fish husbandry.

1.5 Artificial maturation

Although the failure to undergo vitellogenesis, FOM and / or spawning can occur
in captive fish, there are several endocrine tools that can be used to address these
problems (reviewed by Donaldson and Devlin 1996; Peter and Yu 1997, Pankhurst
1998b). These typically involve administration of exogenous hormones to artificially
stimulate or prime the reproductive endocrine system. Synthetic analogues of GnRH
(GnRHa) are used to stimulate the production of native GTHs. In some cases GnRHa
is co-administered with a DA antagonist to block the inhibitory effects of DA.
Synthetic GTHs are not available and piscine GTHs are difficult and expensive to
acquire. This has resulted in mammalian GTHs being used, with the most common of
these being human chorionic gonadotropin (hCG). Treatment of fish with hCG or
GnRHa is usually achieved either by injection or the use of a slow release pellet. The
best choice of hormone, method, dose and timing of treatment varies within individual
species. Therefore the investigation of these factors is a key component in the

development of new species for aquaculture.

1.6 Scope and aims of this study

This study aimed to provide information on the reproductive biology and
endocrinology of black bream, investigated ways of obtaining good quality gametes,
and assessed the effects of salinity on reproductive activity. The approach taken was to
assess: a) the seasonal reproductive activity of black bream, b) the effect of capture
and confinement on plasma steroid levels, ¢) the effect of hormone therapy and timing
of treatment to induce ovulation, and d) the effect of salinity on plasma steroid levels,
hormone induced ovulation, and egg fertility and development. The objective of this
was to provide baseline information on the reproductive biology and endocrinology of

black bream, to optimise hormone therapy protocols used to induce ovulation, to
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increase the understanding of how salinity may affect reproductive success in black
bream and to contribute to the growing understanding of the reproductive physiology

of non-salmonid fishes.

Chapters 2-5 are presented in the form that they been submitted for publiéation (See
below). This has resulted in some planned overlap of introduction and methods

sections. The chapters are either in press or published as described below.

Chapter 2; Haddy, J.A., Pankhurst, N.-W., 1998. Annual change in reproductive
condition and plasma concentrations of sex steroids in black bream,
Acanthopagrus butcheri (Munro) (Sparidae). Mar. Freshwat. Res. 49,
389-397.

Chapter 3; Haddy, J.A., Pankhurst, N.W., 1999. Stress-induced changes in
concentrations of plasma sex steroids in black bream. J. Fish Biol. 55,
1304-1316.

Chapter 4; Haddy, J.A., Pankhurst, N.W., 2000. The efficacy of exogenous
hormones in stimulating changes in plasma steroids and ovulation in wild
black bream Acanthopagrus butcheri is improved by treatment at capture.
Aquaculture, in press.

Chapter 5; Haddy, J.A., Pankhurst, N.W., 2000. The effects of salinity on
reproductive development, plasma steroid levels, fertilisation and egg

survival in black bream Acanthopagrus butcheri. Aquaculture, in press.

Ethical clearance for the work conducted throughout this study was provided under
the permit A0005451 University of Tasmania, Tasmanian Animal Experimentation

Ethics Committee.
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2. Annual change in reproductive condition and plasma levels of sex steroids

in black bream, Acanthopagrus butcheri (Munro) (Sparidae)

2.1 Summary

Changes in gonadosomatic index (GSI), hepatosomatic index (HSI), gonad stage
and plasma concentrations of sex steroids were studied over one year in black bream
(Acanthopagrus butcheri). Black bream have an annual reproductive cycle with a 3
month spawning season in spring / early summer. GSI and HSI values were highest in
October and May respectively. Plasma concentrations of estradiol (E;), testosterone
(T) and 17,20B-dihydroxy-4-pregnen-3-one (17,20BP) were highest in females in
October. Plasma concentrations of E; and T were highest in ovulated fish.
Concentrations of 17,20BP were higher in fish undergoing final oocyte maturation
(FOM) than in fish with regressed gonads. In males, plasma concentrations of T and
11-ketotestosterone (11KT) increased in September and remained elevated until
January, but concentrations of 17,20BP did not change with season. However, 17,208P
concentrations in spermiated fish were higher than in non-spermiated fish. Daily
changes in gonad condition indicated that females undergo daily cycles of ovarian
maturation with ovulation occurring after midday. Plasma T and 17,203P
concentrations of females were elevated at midday in association with FOM, but E;
showed no diel change. In males, partially spermiated fish were dominant in the early
morning and fully spermiated fish at midday. Plasma T, 11KT and 17,208P

concentrations were low at midnight and reached maximal levels at 6 am.
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2.2 Introduction

Black bream (family Sparidae) are endemic to the estuaries of southern Australia,
with approximately 200-500 t being harvested commercially per annum (Stewaﬁ and
Grieve 1993). Sparids form the basis of many major fisheries and aquaculture projects
around the world (Foscarini 1988). Consequently, there is an increasing interest in
their reproductive physiology and biology. Both seasonal and-short term cycles of
plasma concentrations of sex steroids and/or seasonal gonad development have been
reported for many sparids, including snapper Pagrus auratus (reviewed in Carragher
and Pankhurst 1993), yellowfin bream Acanthopagrus australis (Pollock 1982; Pollock
1985), yellowfin porgy Acanthopagrus latus (Abu-Hakima 1984) and the black porgy
Acanthopagrus schlegeli (Chang and Yueh 1990). However, there is little information
on the reproductive biology of euryhaline sparids and no information on the
reproductive physiology of black bream.

Sparids typically show an annual reproductive cycle with asynchronous gonad
development and a daily spawning pattern occurring over a period of 2-5 months.
Anecdotal reports indicate that black bream in Tasmania spawn between spring and
early summer in the upper to middle reaches of estuaries. The objective of this study
was to describe reproductive development and gonadal cycling in black bream, and
correlate reproductive development with changes in endocrine characteristics.
Seasonal and daily changes in reproductive condition were assessed against changes in
plasma concentrations of testosterone (T) and 17,20p3-dihydroxy-4-pregnen-3-one
(17,208P) in both sexes and estradiol (E;) and 11-ketotestosterone (11KT) in female
and male fish respectively. These hormones were chosen because of their roles in
regulation of vitellogenesis, ovarian recrudescence (E; and T) and final oocyte
maturation (17,20BP) in females, and spermatogenesis (T and 11KT) and spermiation
(17,20BP) in males (reviewed in Pankhurst 1998). Because capture stress can elevate
plasma cortisol concentrations, and in many species this is associated with depression
of plasma concentrations of reproductive steroids (reviewed in Pankhurst and Van Der
Kraak 1997), plasma cortisol concentrations were measured to assess the possible
impact of sampling stress on blood hormone concentrations.

Since photoperiod and temperature influence reproductive activity in temperate

teleosts (Bye 1987), and additional triggers of spawning in black bream might include
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salinity and the level of dissolved oxygen (DO)(Sherwood and Backhouse 1982), we
monitored temperature, salinity and dissolved oxygen of the spawning areas at the time
when fish were caught. In addition to allowing a comparison of the pattern of
reproduction in an estuarine sparid with that of stenohaline sparids, this study provides
the baseline for the investigation of reproduction in black bream and the possible

controlling effects that salinity may exert on this process.

2.3 Materials and Methods
Sampling

Black bream were captured from April 1996 to May 1997 by rod and line from the
Meredith (148°7’S, 42°4’E) and Swan Rivers (148°4’S, 42°4’E) at Swansea, Tasmania.
Data from fish from both estuaries have been combined for presentation. Where
differences between estuaries occurred, this is noted in the text. Diurnal sampling was
conducted from 18 to 22 October 1996 from the Meredith River. Fish were caught
throughout the 24-h period and allocated to 4 sampling blocks of 6 h each according to
the time of capture. The times indicated in the text and figures are the mid points of
each sampling block. All other fish were caught between 0530 and 2300 hours. Blood
was sampled by caudal puncture using heparinized syringes within 5 min of hooking.
Fish were then killed by spinal transection, fin-clipped for identification and placed on
ice. Blood was stored on ice, plasma obtained by centrifugation, then frozen and stored
at -18°C until required for assay. Fork length, body, liver and gonad weights, sex and
'macroscopic gonad condition were recorded from each fish. Criteria for macroscopic
staging of gonads are given in Table 1 and were verified by histological examination
according to the histological characteristics outlined in Scott and Pankhurst (1992).
Gonadosomatic (GSI) and hepatosomatic (HSI) indices were calculated as gonad/gonad
free body weight) x 100 and (liver/liver free body weight ) x 100 respectively. Fish
were provisionally aged by counting presumptive annual rings in otoliths and scales
under a dissecting microscope. Temperature, salinity and DO were measured at 1-m
intervals with a submersible multi probe sensor (Pers