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Objectives

1.  Determine the location and timing of spawning of blue warehou in the SEF area, and describe
the relationship between spawning and the catching patterns of the trawl and gill net sectors of

thefishery.

2. Edimate Szefage at first sexua maturity and the sex ratios of spawning fish.

3.  Describe gonad maturation cycles and the rdationship between sizelage and egg production
(fecundity) in femaes.

4.  Conduct per-recruit andyses to identify hervest srategies which adlow optimum blue warehou
egg production (and therefore recruitment).

NON-TECHNICAL SUMMARY

Blue warehou &eriolella brama) is an important commerciad species in the South East Fishery
(SEF), sold predominantly as fresh fish in the Sydney and Melbourne Fish Markets. Trawled blue
warehou catches come mainly from outer shelf and upper dope waters off southern NSW, eastern
Bass Strait and western Victoria, and sgnificant gill net catches come from shelf waters in eastern
Bass Strait and around Tasmania (Smith 1994). Thereis aso a Sgnificant recregtiond catch in some

coastal waters.

Catches of blue warehou increased during the 1980's and by the early 1990's totd landings were
around 3000 tonnes per annum. Subsequently, catches decreased during the mid-1990s and in
1997, the total catch (trawl and non-trawl) of blue warehou had falen to around 1000t with avaue
of $1.5 million. In conjunction with declining catches, blue warehou catch rates in both the trawl and
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non-trawl sectors also declined and were accompanied by significant reduction in the mean catch-at-
age in some sectors of the fishery. Thislead to concerns over the status of blue warehou stocks and
the South East Fishery Assessment Group (SEFAG) recommended that a forma stock assessment
should be undertaken. To asst in the assessment of the status of blue warehou stocks, a research
project was initiated to gain better information on their reproductive biology. This report details the

results of that research.

Monthly samples of blue warehou were collected between May 1996 and December 1997 from
commercia catches taken in three regions of the SEF: off the east coast of Victoria, eastern
Tasmania; and western Bass Strait.  Biologica information was collected from these fish and the
gonads were removed for detailed examination. Important reproductive parameters such as sex
ratio, gonadosomatic index, macroscopic and histologica development, Sze at maturity, fecundity
and eggs—per—recruit were etimated.  The reproductive cycle was described and the location and
timing of spawning was determined. The main spawning period was during winter — spring and there
was evidence of spawning in each of the three regions. Blue warehou reach maturity at between 30
— 40 cm fork length a an age of about 3 years. They have a determinate annud fecundity and
spawn around three batches of eggs during a season.  Eggs—per—recruit anayses reveded maximum
egg production around 40 cm (4-5 years) in an unfished population. Mesh net fishing, which targets
fish larger than 45 cm, was less likely to impact the relative eggs—per—recruit in a population than
trawl fishing, which catiches a wider range of amdler fish. The implications of these results are
discussed in light of the current management arrangements in the SEF. The findings of the present
study do not only provide a better understanding of the reproductive biology of blue warehou, they
will form an essential component of models developed to assess the impact of fishing on the long-
term sustainability of the blue warehou resource in the SEF.

Keywords. Seriollela brama; blue warehou; reproduction; spawning; development.
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BACKGROUND
Blue warehou (Seriolella brama) is an important component of the South East Fishery (SEF), sold

predominantly as fresh fish in the Sydney and Melbourne Fish Markets. Trawled blue warehou
catches come mainly from outer shelf and upper dope waters off southern NSW, eastern Bass Strait
and western Victoria, and sgnificant gill net catiches come from shelf waters in eastern Bass Strait
and around Tasmania (Smith 1994). Blue warehou is aso becoming an increasingly important
recreationd target speciesin coastal waters of Victoria, Tasmania and southern NSW.

Higtorica catch records often falled to digtinguish blue warehou from the closdy relaed slver
warehou (S. punctata), grouping them together as warehou or “Tasse trevaly”. Catches of
warehou increased dramaticaly during the 1980's and tota landings of the two species in the early
1990's were in excess of 4000 tonnes per annum, with an annua landed value of about $10 million.
The combined catch of these species has since stabilised around this tonnage, but the proportion (by
weight) of the more vauable blue warehou dropped from about 70% to 40% during the mid-1990s.
In 1997, the total catch (trawl and nontrawl) of blue warehou had falen to around 1000t with a
vaue of $1.5 million.

In conjunction with declining caiches, blue warehou catch rates in both the trawl and non-trawl
sectors declined during the mid-1990s and was accompanied by significant reduction in the mean
catch-at-age in some sectors of the fishery. This lead to concerns over the status of blue warehou
stocks in the 1994 and 1995 stock assessments (Smith 1995; MacDonad and Smith 1996). Such
concerns were compounded by a poor understanding of blue warehou population dynamics and the
complex spatid and tempora fluctuations in their distribution which prevented assessment of the
relative importance of fishing pressure versus other factors in producing these trends. Asaresult, the
South East Fishery Assessment Group (SEFAG) recommended that a range of research projects be
undertaken with the ultimate god of providing the information needed to develop an age-structured
model of the different sectors of the fishery (Staples and Tilzey 1995). One of the main research
projects was to address a lack of knowledge of the spawning and reproductive characteristics of
blue warehou. It was proposed that a fishery-dependent study of the timing and location(s) of gonad
maturetion would assgt in the interpretation of fluctuations in blue warehou abundance and
population structure and provide updated maturity estimates and fecundity data for per-recruit
analyses (Chesson 1996). The present report details the results of this research.
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NEED

Tagging studies have been undertaken in an attempt to obtain information on movement paiterns and
stock structure of blue warehou in south-east Audtralia (Knuckey et al. 1999). Unfortunately, the
results were inconclusve, but the lack of tag recaptures indicated that tagging may not be an
appropriate stock assessment tool for blue warehou at this stage. However, blue warehou, like
spotted warehou, are known to undertake mgjor migrations (Gavrilov and Markina 1979) and they
are geneardly percaved to be highly mobile species with a broad distribution of breeding locations.
As such, athough there have been no studies on the stock structure of blue warehou in Australian
waters, the species is assumed to comprise a sSingle stock for fisheries assessment and management
purposes. Nevertheless, consderable spatia and tempord structuring is evident within the fishery
(Smith et al. 1998). Fish caught in the East by the gill net sector are generdly larger and older than
those caught by the trawl sector in other areas of the fishery (Smith 1998). Uncertainty about the
stock structure and the effects of fishing on the spawning populations has caused conflict between the
various sectors of the Industry. Definition and reduction of these uncertainties can only be achieved
through the development of gppropriate modds which incorporate accurate biologica and fishery
information.

A comprehensve sudy on the spawning and reproductive characteristics of blue warehou will
provide a range of population parameters necessary for the development or tuning of any age-
structured modd of blue warehou population dynamics. Knowledge of mean age/sze of females at
the onset of sexud maturity provides an estimate of the lag period before any cohort begins to
contribute to egg production. Once fish reach maturity, examinaion of the ovaries provides
information on gamete development patterns, proportions of ova mature a any given time, and the
relaionship between szelage and the production of mature ova. These maturation and fecundity
data, together with age and growth data provided from the Centrd Ageing Facility, are required to
conduct eggs-per-recruit andyses of the impact of different types and levels of fishing on egg
production capecity (and therefore future recruitment). These types of data, together with an
andysis of the spatid and tempord digtribution of trawl and gill net catches, will provide ingght into
the direct impact on spawning stocks of using particular fishing methods a particular locations and/or
times. Such information will be a vauable input to the development and evauation of any harvest
drategy designed to optimise reproductive capacity of blue warehou populations in south-east
Audrdia
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OBJECTIVES

The project was designed with the following objectives:

1.  Determine the location and timing of spawning of blue warehou in the SEF area, and describe
the relationship between spawning and the catching patterns of the trawl and gill net sectors of

the fishery.

2.  Edimate Szefage a firgt sexud maturity and the sex ratios of spawning fish.

3.  Describe gonad maturation cycles and the relationship between Sze/age and egg production
(fecundity) in femdes.

4.  Conduct per-recruit andyses to identify harvest strategies which alow optimum blue warehou
egg production (and therefore recruitment).

MATERIALSAND METHODS

Sampling regime

The study was undertaken in the shelf and mid-dope waters of three main fishing regions within the
boundaries of the South East Fishery (SEF), defined in the present study as. East - from Eden to
Lakes Entrance; Eastern Tasmania; and West - near Portland off the western Victorian coast (Hg.
1). Prdiminary sampling began in May 1996 to determine the most suitable sampling methods,
preservation techniques and establish gppropriate gonad staging classifications.  Intensve monthly
sampling of the three regions began in January 1997 and continued for afull year. Random samples
of at least 100 blue warehou were collected each month from each region. Both trawl and mesh net
catches were sampled from the Eagt, but lack of mesh net catches of blue warehou by SEF vessels
in the West and Eastern Tasmania regions redtricted the sampling in these regions to only trawl

catches. The date, region, port of landing and gear type were recorded for each sample.

Fishery data

Logbook data from the commercia trawl (SEF1) and non-trawl (GNOL) sectors of the South East
Fishery were used to determine the timing of the main fisheries in the different regions. Detafrom
1986 to 1997 were used in the andlyses. The mean monthly catch + standard error were cal culated
and plotted for each region and gear type.
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Biological data

After capture, dl fish samples were retained on ice and returned to the laboratory for dissection.
The sex (mde, femde or immature), caudd fork length measured down to the nearest centimetre
(LCF), total weight (+ 50 g), macroscopic gonad stage, left and right gonad weight (£ 0.5 g), and
gonadosomatic index %GSI : %? 100§ were determined for each fish.

Length frequency distributions were plotted for male and female blue warehou caught in the different
regions and by the different gears.  The gonads from a sub-sample of these fish were used for
higologica examination. In addition, the sagitta otoliths were removed from between 10 and 30
randomly sdlected fish in each monthly sample from each region. These were embedded in resin and
sectioned for age determination using standard techniques at the Centrd Ageing Facility (Morison et

al. 1998).
Macroscopic staging

A means of staging both the male and female gonads by eye was developed. Such “macroscopic”
saging was based on smilar reproductive studies (eg. Hunter and Macewicz 1985a, 1985b;
Schaefer 1987; West 1990; Davis and West 1993; Marshdl et al. 1993), especially those of
another Centrolophidae, blue eye trevalla (Hyperoglyphe antarctica), (Baglde 1996). Slight
modifications to these classfications were made following examination of blue warehou gonads from
prdiminay samples. Having established these classfications, the reproductive stage of dl fish
collected during the project was determined.

Gonad preservation

Initidly, the gonads were only fixed and preserved in 10% vapour suppressed formain (a solution
containing 100 ml formadehyde, 680 ml propylene glycol and 36 g hexamine added to 220 ml

seawaer to make one litre). Whilgt this technique was sufficient for most samples, it proved

inadequate for higtologicad examination of femae gonads that were running ripe (Stage V1), because
the samples were not firm enough to dlow sectioning. As a consequence, estimation of fecundity
from samples collected during 1996 was prevented and a modified technique was established. This
involved initid preservetion of the entire gonad in 10% formdin in seawater for a week before a
transverse medid portion of about 30g of gonad was removed and preserved in Davidson's solution.

In the case of ripe female gonads (Stage V and V1), the whole |€ft or right ovary was preserved in
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Davidson's solution. Davidson’s solution has proven to be an excellent fixative for marine fish gonads
for higologicd examination (Bel et al. 1992; Baglde 1996). Sectioning, mounting and histologica
studies were only undertaken after the gonads had been fixed for at leest one month. Transverse
media portions of materid were blocked in paraffin wax and 6 um sections were cut, mounted and
gtained in Harris' heamatoxylin and eosin (Luna, 1968). An understanding of the processes occurring
a a cdlular leve during the different stages of the femde reproductive cycle was enabled by
hisologica examination of the ova

Microscopic staging

To avoid possible variaion in the developmenta stage of oocytes due to their pogtion in the ovary,
only the transverse medid portion of the gonad was removed from each sample for histologica

examination (Forberg 1982; Chubb and Potter 1984; Mayer et al. 1984; Bdl et al. 1992; Hyndes
et al. 1992; Gooley et al. 1995). In many sudies, no sgnificant differences in oocyte frequency
digtribution and maturation have been found between right and left ovaries (Laroche and Richardson
1980; DeMartini and Fountain 1981; West 1990). In the present study, we usualy removed the
portion from the left-hand ovary unlessit was damaged.

Oocytes undergo the same basic pattern of growth and development in all teleost species (Coward
and Bromage 1998). Thus, based on other histologica studies of reproductive development in fish
(Mayer et al. 1984; West 1990; Baelde 1996) we describe the oocyte development of blue
warehou. Oocyte Sze was measured by taking the mean of the maximum and minimum diameter of
the largest oocytes which had been sectioned through the nucleus. This procedure has been shown
to be representative of the true oocyte diameter by Foucher and Beamish (1980). Reationships
between oocyte development, ova size and gonad devel opment for blue warehou were devel oped.

Ovaries were staged based on the most advanced type of oocytes present, regardiess of their
abundance (Wallace et al. 1987; West 1990; Baglde 1996). Once staging techniques were
developed and perfected, adl gonad samples were re-staged. Relationships were established

between the macroscopic and microscopic stages.

Sze/age at maturity

Sze and age at maturity was established by plotting maturity ogives againgt both length and age. In
each case, the number of mature fish within each length/age class was expressed as a percentage of

FRDC Project 96/142 Final Report - Page 10



Marine and Freshwater Resources I nstitute

the tota number of fish of that length/age-class. Length — classes of 1-cm and age-classes of 0.1
year were used. Data were pooled across aress. A logistic curve was fitted using a norHinear lesst
sguares procedure and the length and age at which 50% of femaes were mature was determined
(L5096 mature » ts0% mature F€SPeCtively). The form of the logigtic equation used was:

% mature =100/ (1 +ea? (b—c))

Where a is a paamege indicaing the rae of increese in maurity;
b is a parameter representing 50% maturity;
C isthe 1-cm length—class or 0.1-year age—class.

Spawning season

The presence of pogtovulatory follicles in ovaries was used to identify femaes that had begun to
spawn (Hunter and Macewicz 1985b; Schaefer 1987). Post-ovulatory follicles are the ruptured,
empty follides marking positions of mature oocytes which have ovulated. They quickly degenerate,
however, which is apparent by their reduced size and fewer loops. Individuas with postovulatory
follicles , or with hydrated oocytes were consdered either to have spawned or to be capable of
spawning (Bdl et al. 1992).

After spawning, resdua oocytes and unwanted material are reabsorbed in a process known as
atresa (Macer 1974; Hunter and Macewicz 1985a; Marshdl et al. 1993). Atretic oocytes are
recognised by their irregular shape, breakdown in fine structure (disntegration of the nucleus and
liquefaction of yolk granules) and hypertrophy of the granulosa cdlls (Davis 1977). As degeneration
progresses it becomes more difficult to distinguish atretic oocytes from advanced degeneration of
postovulatory follicles (described as beta atresia by Hunter and Macewicz 1985b). Nevertheless,
high levels of any atretic materia, combined with the lack of hydrated oocytes and postovulatory
follicles, were used to confirm when spawning had ceased.

Subsamples of ovaries preserved in Davidson's solution were mixed in smal jars with water and
shaken manualy to dissociate the oocytes. All ovaries used had been previoudy staged
histologically, and higtological sections were used to stage corresponding whole oocytes under
microscope (Table 4) adapted from West (1990) and Baelde (1996). One hundred oocytes were

measured aong the maximum diameter for 55 females at various stages of maturity.
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Fecundity

In cases where the stock of oocytes destined to be spawned in a season is identifiable a the
beginning of the spawning season, annua fecundity may be consdered to be determinate,
(Yamamoto 1956; Hunter and Macewicz 1985ab) even though the fishes may spawn repeatedly
during the seeson. The annud fecundity of blue warehou was estimated from the standing stock of
yolked oocytes (Stage IV and V) from samples collected during 1997 spawning season. The
average relative fecundity was measured as the number of oocytes per gram (gutted weight).

Fish may spawn more than one batch of eggs within a spawning season.  The number of eggs
spawned in a angle batch is termed “batch fecundity”. Ovaries with hydrated oocytes visble to the
naked eye (Stage V1) were potentidly suitable for the estimation of batch fecundity. Further visud
screening of these samples once they had been fixed, was carried out in the laboratory. The
presence of loose and hydrated oocytes in the lumen of the ovary suggested that some eggs had
aready been shed and these samples were regjected (Watson et al. 1992). All ovaries used in the
estimation were a0 screened higtologically for recent spawning activity, indicated by the presence of
fresh postovulatory follicles and atresa. Only ovaries that showed no sign of previous spawning in
that season, no sign of postovulatory follicles and no sgn of mgor aresa were used to etimate
batch fecundity. Also, due to their volume and weight, handling of Stage VI ovaries is extremey
difficult and the ovaries may be easly damaged and therefore unsuitable for batch fecundity
edimation. Initidly, five fish were sdected which met dl of the criteria needed for batch fecundity
esimation.

To ensure correct weighting factors were used for determination of batch fecundity, the gonads of
these five fish were carefully dissected. We used ANOVA to compare the number of oocytes per
gram between fish, and between subsamples within the ovary (near the periphery and near the
centre) and dong the ovaries (within the anterior, median, and posterior regions). ANOVA showed
no sgnificant differences between fish (F s = 3.215, P=0.116), or between subsamples within the
ovaries (FLg= 1.24, P=0.29), or between subsamples dong the ovaries (F;1,= 0.05, P=0.95).
Given these reallts, one-gram portions were randomly removed from the anterior, median and
posterior regions of the left gonad of another 43 fish with Stage VI ovaries. Histological screening of
these samples reveded that only a further four were suitable for batch fecundity estimation. Overal,
then, of the total of 48 fish collected with Stage VI ovaries, only nine were suitable for estimation of
batch fecundity. The gonad portions from these nine fish were weighed accurately (+0.001) and
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batch fecundity was determined using the gravimetric method (Hunter et al. 1985) to estimate the
number of hydrated oocytes (Stage V1) within the gonads.

Eggs—per—recruit

Eggs—per—recruit andyses were undertaken to determine the Szelage a which optimum egg
production of blue warehou is achieved in an unfished population. This was compared with the
relaive eggs—per—recruit of a populaion fished by mesh nets in the East and trawlers in the West.
These andyses are a modification of the typica age—based yiel d—per—recruit modds (Thompson and
Bell 1934; Rcker 1945; and Beverton and Holt 1957) which include a fecundity parameter to
determine eggs-per- recruit (remaning in the population) ingead of the yidd (removed from the

population).

A Microsoft Exce ™ spreadsheet was used to undertake the eggs—per—recruit moddling in a
manner Smilar to Sanders (1995). The eggs—per—recruit was modelled againgt both age and length.
Time intervas of 0.25 years and length—classes of 1-cm were used © modd the recruit over a

period of ten years.

To modd growth, the von Bertaanffy (1938) growth function was used, in the form:

r r
L, ?L, 1?e™ 77,

where L¢ is the length (cm) a time t (years);
L, is the asymptotic maximum length (cm);
K is the Brody growth coefficent defining growth rate; and,
to isthe theoreticd age a zero length.

The vaues for these parameters for femae blue warehou were cdculated based on ageing of
sectioned otoliths by the Centrd Ageing Facility a MAFRI and were L, = 55.14 cm; K = 0.28

year! and t, = -0.07 years.

Natura mortdity (M) was applied from age zero and was assumed to be congtant over time
(athough this was a ampligtic gpproach, no information on age-specific naturd mortdity rates was
available). Four methods, based on life history parameters, were used to estimate natural mortality:
Beverton and Holt (1957); Hoenig (1983); Rikhter and Efanov (1976); and Pauly (1980). The
equations used in these estimation techniques are given below.
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Beverton and Holt (1957):

LSO% mature = 3 ’) L? / (3+ M / K)

where Lsooemaure 1S the length a which 50% of the population is mature; and,
L,, and K are the von Bertdanffy growth parameters.

Hoenig (1983):
M = 'ln(OOS/ t500/0 ma[ure)

where  tsowmawe 1S the age (yeas) a which 509 is mature

Thisvaue was caculated from Lsgy, maure from the von Bertdanffy equation.

Rikhter and Efanov (1976):

M = 1.521 / (ts096 mature ) 0.720 — 0.155
where  tsoy maure IS the age (years) a which 50% is mature.

Pauly (1980):

|Og;|_0 M = —0.0066 — 0.279 |Og10 L, + 0.6543 |Og;|_0 K+ 0.4634 |Og;|_0 T

where T is the water temperature in C
Based on information from SEF fishers, blue warehou are generdly caught in waters

with temperatures ranging from 10 to 14 2C. A temperature of 12?C was used for this
etimation.

To compare the eggs-per-recruit of populations fished by different gears, estimates of the range of
fishing mortdity (F) and the Sze-sdlectivity of the different gears were derived from Punt (1999). The
only modification of Punt (1999) was that the left-hand Sde of the trawl sdectivity ogive was
estimated from back-caculaion of totad mortaity from length-converted caich curve analysis (eg.
Jensen 1982; Pauly 1984) on length frequency distributions obtained from on-board observer
measurements.  Comparisons were made between the mesh net fishery in the East and the trawl

fishery. Fishing mortdity (F) was assumed to be congtant across al age/lengths and was applied in
proportion to the selectivity of the gear.
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DETAILED RESULTS

Sampling regime

The collection of fish for this study was based solely on commercid catches and therefore reflected
seasond changes in the availability of fish to the fishing gear. The effects of this were apparent in the
lack of samples from Eastern Tasmania during winter and spring (Table 1). We aso endeavoured to
collect monthly samples of fish from both the trawl and mesh net sectorsin the East region. Thiswas
achieved between January to July 1997, but in the subsequent months there was no mesh net catches
of blue warehou and samples were based only on trawl catches. Similarly, a lack of trawl-caught
blue warehou from the West region during December 1997 prevented the collection of samples.
Despite these sampling shortfdls, information on the reproductive condition of over 3300 blue
warehou was collected from the three regions during the study.

Fishery data

In the East, mean monthly catches in the trawl fishery were generdly below 20t, but increased to a
peak of 60 to 80t in August to October before rapidly dropping off to less than 20t in November
(Fg. 28). Over the longer term, there was no obvious seasond pattern apparent in the gill-net
fishery catches, dthough in 1997, when the sampling was undertaken, there was a peak in monthly
catches around June — with minima catches (<5t) from August to December (Fg. 2b). Off eastern
Tasmania, the blue warehou fishery was essentiadly restricted to Summer (November to March), with
minima catches during the rest of the year (Hg. 2¢). In contradt, the catch by trawl fishery in the
West was negligible during Summer, with the mean monthly catch increasing to 40 to 60t during the
winter and spring months (Fg. 2d). These results are congstent with Smith et al. 1998.

Biological data

There were noticeable differences in the sSze range of fish caught by the different gears and in the
different regions, adthough little apparent difference existed between the sze range of the different
sexes (Fg. 3). The sze of blue warehou caught by trawlers in the East ranged between 25 and 55
cm, but most were evenly distributed between 35 and 50 cm.  The mesh net catches in the Eadt,
however, generaly conssted of larger fish between 45 and 55 cm, with amode around 48-49 cm. A

greater proportion of the fish above 50 cm were female. In contrast to the East, trawl-caught fishin
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the West region generaly ranged between 30 and 45 cm with amode around 37 cm. Throughout the
sudy only sixty specimens of indeterminate sex were collected. These fish ranged between 21 and

25 cm.

Gonad and oocyte development during the reproductive cycle

Macroscopic descriptions of the various developmenta stages of gonads from mae and femde blue

warehou are shown in

Table 2 and Table 3 respectively. Higtological descriptions of the various stages of blue warehou
oocytes are presented {Table 3) together with images of te various stages (Plates AF). A
summary of the ova development is provided below.

In immature females (Stage 1), the ovaries are thread-like, pink and tranducent and GSl is negligible.
Oocytes are not vigble to the naked eye. Microscopic examination reveds smal oocytes with a
nucleus surrounded by athin layer of cytoplasm. These condtitute the reservoir of oocytes that are
present throughout the life of the fish. In Stage 11, the ovary walls become transparent. Histologica

examindion shows nucleoli at the periphery of the nucleus and oocytes are larger (<90 pm) as the
cytoplasm thickens, but they are il not individudly visible to the naked eye. During Stage 111, the
oocytes become visible (100 —300 um), the ovaries change colour from pink to yellow-orange and
occupy 20 — 70% of the length of the body cavity. Mean GSl is around 2%. Under the microscope,
lampbrush chromosomes may be visible in the nucleus and cortica dveoli and oil vesicles gppear in

the cytoplasm. The zona radiata is gpparent. As they develop into Stage IV, the opague oocytes
are clearly visble in the ovaries, which are ydlow and may run the entire length of the body cavity,
giving a mean GS of around 5%. There is a marked increase in oocyte Sze as the cytoplasm fills
with yolk granules and the number and size of oil vesicles and cortica dveoli increases. The ovaries
then become ripe (Stage V), occupying between 70 and 100% of the length of the body cavity. The
oocytes become larger (1.0 — 1.3 mm), and increasingly transparent as hydration occurs. The
nucleus moves to the periphery of the oocyte and in the cytoplasm, the yolk granules fuse to form

yolk plates and the oil vesicles fuse to form an ail droplet. When the ovaries are running-ripe (Stage
V1), oocytes are may be expressed with dight pressure on the abdomina cavity. The hydration

process continues until ovulaion (spawning), when the follicular epithelium surrounding the oocyte
bresks and the egg is released. The eggs are large (1.1 — 1.5 mm), very randucent, and an ail
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droplet is vishle to the naked eye. Within the ovary, the follicular cdlls then form strings, which are
folded in the space left by the egg. These post-ovulatory follicles undergo rapid degeneration. Some
mature oocytes fal to rdease during spawning and are resorbed.  After spawning, the ovaries are
flaccid and the walls appear grey and wrinkled. A few atretic oocytes may be apparent. After
spawning, the gonads enter a resting phase prior to redeveloping for the next reproductive cycle.

As would be expected, mean GSl vaues increased as the gonads developed prior to spawning but
there was a large amount of variation between individud GS vaues a any given developmenta

sage (Fig. 4.)
Sze at maturity

The relationship between GSl and gonad stage enabled GSl to be used as a broad indicator of blue
warehou maturity. Generdly, mature individuds had GSl vaues greater than 3%, and these fish
were usudly greeter than 30 cm LCF for both maes (Fig. 5) and femaes (FHg. 6). There were a
number of exceptions to this generd rule, however, specificaly resulting from fish whose gonads
were redeveloping after spawning. These fish often had GSI vaues less than 3% dthough they were
mature. It was extremdy difficult, either macroscopicdly or histologicdly, to distinguish between
immature developing maes and mature males with gonads that were redeveloping subsequent to
spawning. Because of this, a maturity ogive was not developed for maes. Femae maturity was
more easly determined through macroscopic and microscopic examination of the gonads. Fish with
ovaries in the immature (Stage 1) or early developing stage for the firg time (Stage 11a) were
identified by their ribbortlike ovaries and classed as immature. Females with ova that had returned
to the redeveloping stage after spawning (Stage 11b) were more likely to have a thick flaccid gonad
wall and could be recognised histologicaly by post-ovulatory follicles and/or aretic materid around
the oocytes. These were classed as mature fish. Importantly, if no post-ovulatory follicles or aretic
materid were evident, it was dmost impossible to distinguish Stage 11 from Stage 11b femdes through
histological examinations. In these cases, only macroscopic examination of the gonad could be used
to determine maturity. All fish with gonads a Stage |1l and beyond were easlly recognised as

mature.

Although the GSI of immeature females was less than 3% ([Hg. 6a), there were dso many mature
females over arange of sizes with GSl values less than 3% (Fg. 6b). Theseindividuds usudly hed
Stage b or Stage l11 ovaries. Mature femae blue warehou in spawning condition usudly had a GSI
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higher than 5%, most females greater than 45 cm had a GSl of more than 10% and some had a GSI
of around 20% (Fg. 6¢). GSl vaues in spawning fish were variable because some individuds had
dready shed an unknown number of oocytes, resulting in loss of ovary mass (patidly spent).
Generdly GSl vaues for spawning femaes were condderably higher than those for spawning males,
which rarely exceeded 10% (see Fig. 5).

The logidtic equation for the maturity ogive of femde blue warehou plotted againgt length was
% mature =100 / (1 + €0.309 ? (33.40 — L)) Thisindicates that the length a 50% maturity was
334 cm (FAg. 7). When plotted againgt age, the equation for the maturity ogive was
% mature =100 / (1 + e 1.748 7 (3.28 — 1)), which places the age at 50% maturity at 3.28 years

(Fg. 8).
Spawning season

In the Eagt, females with devel oping ova were gpparent throughout the year, but the main occurrence
of spawning and spent femaes was between the months of May and August (FHg. 99). A amilar
trend was apparent in the West, adthough there was no evidence of spawning until June (Fig. 9¢). In
both of these regions, some spawning and spent females were evident up until November, athough
there was one month in which no spawning fish were apparent (September in the East and August in
the West). Datafrom Eastern Tasmania were sparse and not conclusive, but supported evidence of
spawvning in May (Fg. 9b). The gonad condition of maesin the different regions paralelled those of
the fema es and supported awinter spawning period (Fg. 10).

In the East, pesks in GSl during June for both males and femaes (Hg. 11) supported a winter
gpawning period in line with the results of the gonad condition. In the west, however, determination
of spawning season based on observations of GS adone was more uncertain than using gonad
stages. A defined peak in GSI was not nearly as apparent as in the East, but vaues were a a
minimum in May for both males and femdes (Fig. 12) and increased towards the end of the year.

The percentage of femaes (30 - 50 cm LCF) in the monthly samples of blue warehou collected
throughout the study (including the spawning season) ranged between 50 to 75% but was usudly
around 60% (FHg. 13). The proportion of females increased dightly for fish >50 cm, but the tota
number of samples was small (<100 fish). Overdl, there were sgnificantly more females caught than
males (P<0.0001). The maes and femaes collected during the present study ranged from 2 to 7
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years and 2 to 9 years of age respectively. Although not al of these fish were mature, mature
gonads gppeared in mae and femalefish ?2 years of age.

Fecundity

As the unyolked oocytes developed to stage Il (FHg. 144d), they became larger (90 — 320 ?m) than
the standing stock of oocytes (< 90 ?m — not shown) and were easlly distinguishable as a group of
larger oocytes (400 — 1000 ?m) once they had reached the yolked stage (Stage 1V, Fg. 14b).
These were the oocytes that were to be spawned during the oncoming season and provided the
evidence of determinate annual fecundity. As they developed further (Stage V onwards), a bimoda
digtribution in the oocyte's diameter became apparent. The larger oocytes (>1000 ?m) were those
in the “batch” that had begun to hydrate prior to spawning FHg. 14c). When hydration was
complete and spawning was imminent (Stage V1), these oocytes ranged from 1.29 mm (1290 ?m) to
1.52 mm (1520 ?m, Fg. 14d). After these are spawned, a subsequent batch of the yolked oocytes

will hydrate in preparation for spawning.

The oocyte diameters mentioned above were those measured from fresh gonad samples. They were
dightly larger than those in the histological samples, especidly in the later stages of development (Hg.
15), because histologica processing causes shrinkage of oocytes (West 1990, Rickey 1995).
Oocytes from sectioned Stage 11 to Stage VI gonads ranged from 34-176 ?m, 94-329 ?m, 279-
912 ?m, 488-960 ?m and 645 -1157 ?m respectively.

The annud fecundity and batch fecundity were studied for 35 and 9 fish respectively. The annud
fecundity (AF) was estimated from the standing stock of yolked oocytes in stage IV and stageV
ovaries. It ranged from 0.43 to 1.35 million oocytes per fish, and dthough varying consderably at
given length (Fig. 16), it showed sgnificant exponentid increase with the length of femdes, following
the equation:

AF = 10.397 x LCF 2916

The linear regresson between log-transformed data was Satidticaly significant (Fy34= 50.3308,
P<0.0001, R =0.60). The average rdlative fecundity was 417 oocytes (? 99 SD) per gram (gutted
weight) and ranged between 200 and 780 oocytes/gram. Reative fecundity was not significantly
related to fish length (Fy3= 0.08648, P>0.77, R =0.002).
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The batch fecundity estimated for ripe femaes (n=9) ranged from 0.21 to 0.36 million oocytes per
fih (Fig. 17). The linear regresson againg the length of the fish was datidicaly sgnificant
(FL¢=7.3852, P<0.05, R? =0.48). Comparison of the regressons of logtransformed batch
fecundity with log-transformed annua fecundity againgt length revedled that around three batches of
eggs are spawned each yesr.

Eggs—per—recruit

A range of naturd mortdity estimates resulted from application of the various life-history methods.
These were: 0.37 year ™ (based on Hoenig 1983); 0.44 year ** (Pauly 1980); 0.49 year * (Rikhter
and Efanov 1976); and 0.55 year ™ (Beverton and Holt 1957). Obvioudly, the results of the eggs—
per—ecruit anayses were condderably influenced by this range of naurd mortdity estimates.
Nevertheless, in a scenario with no fishing mortdity, the pesk in eggs—per—recruit occurred for fish
around 40 cm (FHg. 18) or between four and five years old (g 19) for dl naturd mortdity
estimates.

For further analyses of eggs—per—recruit, a naturd mortdity estimate of 0.44 year ~ was chosen
(similar to the base case of 0.45 year ™ used by Smith 1999) and the effect of fishing by trawl and
mesh net methods was compared. Actud sdlectivity ogives for blue warehou caught by trawl and
mesh net methods have not been established experimentally. Based on data derived from a stock
assessment of blue warehou using integrated andysis (Punt 1999), the mesh net sdectivity can be
represented by the logistic equation as. % retained =100 / (1 + 0422 ? (49.64 — L)) This
selectivity was based on the larger blue warehou targeted by mesh net methods in eastern Bass Strait
during the 1990's and therefore dso incorporates the availability of fish to that method. The
decreased sdlectivity of trawl gear to larger blue warehou (the right-hand Sde of the trawl sdectivity
ogive) was derived from Punt (1999) and dso reflected the avalahility of fish to that method. This
was represented by the logistic equation: % retained =100 — 100 / (1 + €0.745 ? (55.65 — L))
which was gpplied to fish greater than 45 cm. The left-hand Sde of the trawl sdectivity ogive was
edimated from length-converted catch curve anadysis and can be represented as. % retained =100/
(1 + e1.570 7 (34.56 —L)). The resultant selectivity ogives used for the two methods are shown in
Fg. 20. Overdl, the sdlectivity of the mesh nets was towards a smdler range of larger fish than trawl

gedr.
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Eggs—per—recruit estimates for a range of fishing mortdities are shown for populations fished by
trawls and mesh nets (Ag. 21). Asareault of the different sdlectivities of the two fishing methods,
the eggs—per—recruit remaning in the populaion & any paticular leve of fishing mortdity was
reduced more by trawling than by mesh nets, even though fishing pressures were generdly higher in
the Eastern mesh net fishery than for the trawl component (Smith 1999).

DISCUSSION

Disgtribution of spawning

Consderable spatia and tempora structuring is evident within the blue warehou fishery off south east
Audrdia (Smith et al. 1998). Although there have been no studies on the stock structure of blue
warehou in Audrdian waters, the species is assumed to comprise a single stock for fisheries
assessment and management purposes.  This is because blue warehou, like spotted warehou (S.
punctata), are known to undertake magor migrations (Gavrilov and Markina 1979) and they are
generdly perceived to be highly mobile species with a broad didtribution of breeding locations.

Tagging studies have been undertaken in an attempt to obtain information on movement patterns of
blue warehou in southreast Audrdia, but lack of tag recaptures prevented conclusive results
(Knuckey et al. 1999). Nevertheless, the present study revealed that blue warehou do spawn over
a wide range of areas within the South East Fishery. These results are supported by a recent
invedtigation of the larva digtribution of blue warehou (Bruce et al. submitted to MFR specia SEF
edition) in which concentrations of young blue warehou larvae were found from Kangaroo Idand in
South Audrdia to southern Tasmania, with a mgor concentration off the north-western coast of
Tasmania and another off the eastern Victoria/ New South Wales border. Interestingly, the region
off north-western Tasmania which had the highest concentrations of larvae does not form a mgjor
pat of the commercid fishery for blue warehou and was not sampled in the present study.
Furthermore, only low concentrations of blue warehou larvee were found off the east coast of
Tasmania and in eastern Bass Strait (Bruce et al. submitted to MFR specid SEF edition) and there
is no ngor fishing in these areas during the spawning season.  Although the present study found
gpent fish off eastern Tasmania in May, the lack of samples from winter and spring limited firm
conclusions being drawn about spawning in this area.
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Timing of Spawning

In the present study there was no spatia or tempora difference in the spawning characterigtics of
maes and femdes. There was, however, persgently more femaes than males caught during the
study. The cause of this can not be explained based on the present results, athough we established
that it was not due to a catch bias towards larger femdes. The preponderance of females remained
throughout the entire year and across the different areas and methods in the fishery. Assuming the
sex ratio of the entire population is not skewed in preference to females, further research would be
needed to determine whether any characteristic of the distribution, behaviour or some other aspect of
the species’ life history makes maesless vulnerable to cgpture in the South East Fishery.

A previous study of gonadosomatic indices of blue warehou established that they spawned during
winter in western Bass Strait (Smith et al. 1995). Smith (1994) noted thet this was dightly earlier
than the spring-summer spawning period observed in New Zedland, Gavrilov (1976). Through an
extengve range of macroscopic and histological andyss of blue warehou gonads, the present sudy
confirmed that the main spawning period of blue warehou in Austrdia was during winter and into

spring.

A range of other studies has reveded that the ovaries of spawning femaes display histologica
evidence of past spawning (postovulatory follicles) or imminent spawning (hydrated oocytes or
migratory-nudeus-stage  oocytes, West 1990; Karlow-Riga and Economidis 1996, 1997).
Postovulatory fallicles are rapidly regbsorbed in number of temperate species (Mashdl et al. 1993)
and are often difficult to identify one to two days after spawning (eg. Hunter and Goldberg 1980;
Alhat et al. 1984; Melo 1994; Schaefer 1996) after which time they may not be distinguished from
intermediate stages of atretic oocytes (Hunter and Macewicz 1985a). The occurrence of atretic ova
marks the end of spawning (Hunter and Macewicz 1985b) and is associated with spent ovaries.
Thus, Hunter and Macewicz (1980) suggested that the best indicator of the time of spawning wasthe
occurrence of both hydrated eggsand postovulatory fallicles.

Based on these criteria, the present study established that the main spawning period in the East
occurred between May — Augug, and this was about a month earlier than in the West (June —
October). Very few spawning fish were found outsde these months.  These results are consistent
with those of Bruce et al. (submitted to MFR special SEF edition) who used back-cdculation of
larva ages to edtablish a winter or winter-spring spawning period, and aso noted that spawning
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occurred earlier in the Eadt than in the West.  Interestingly, while the main fishing season in the West
approximately corresponds to the spawning season, most of the catches in the East are taken after
the main spawning period. The large patia separation between the main spawning aress in the East
and West (Bruce et al. submitted to MFR specid edition) and their different spawning times lead
Bruce et al. (submitted to MFR specid edition) to conclude that these could be considered as
Separate spawning stocks.

Size at maturity

The size a which 50% of female blue warehou were mature was about 33 cm LCF and 90% were
mature a 40 cm. This corresponds to fish between 3 and 4 years old. All fish under 30 cm were
immature. Due to the difficulty in digtinguishing between the gonads of maes that were maturing for
the firg time and the redeveloping gonads of mature fish, a maturity ogive could not be established
for maes. Neverthdess, the GSl data indicated that maes develop to maturity at a Smilar Sze as
femdes. The gze frequency of fish caught during this sudy and those from more extensive sampling
programs (Knuckey and Sporcic 1999) show that very few fish less than 30 cm are caught by
commercia vessasin the SEF and the mgority are greeter than 35 cm. As a consequence, most of
the commercia blue warehou catch in the SEF will congst of mature fish. Outsde the SEF, smaller
fish (20 — 30 cm LCF) are caught by anglers in inshore waters or by commercid gill net operators
using 90 — 125 mm gill netsin Tasmanian Sate waters (Knuckey et al. 1999). Thisfish arelikely to

be immature,

The sSze a maurity determined in the present study is somewhat lower than has been found in
previous research. A sze a maturity of 40 — 45 cm LCF has been recorded for blue warehou in
New Zedand waters (Gavrilov and Markina 1979). Based on a survey in western Bass Strait
during the late 1980s, Smith et al. (1995) a0 reported that female blue warehou mature at between
40 and 45 cm.  This concluson was based largdy on GSl information from a low number of fish
(~250) caught between June and September. Without detailed macroscopic examination and/or
hisologica information, however, it is difficult to digtinguish fish with redevel oping gonads from those
meaturing for the first time. In both cases these fish will have low GSI’s, and, Sze a maturity based
on andyss of GSl data alone could be overestimated if fish with redeveloping gonads were
mistakenly classified asimmeature.
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Fecundity

The high rdative fecundity of blue warehou (417 ? 99) isSmilar to blue-eye trevala (Hyperoglyphe
antarctica, 480 ? 125 oocytes/gram), another centrolophid found in these waters (Baelde 1996).
Smilarly, both of these fish are group-synchronous batch spawners with a determinate annud
fecundity. The annud fecundity of blue warehou increases exponentidly with the length of femades
(0.43 to 1.35 million oocytes per fish between 38 and 55 cm LCF). These oocytes are released in
about three large batches of between 0.21 to 0.36 million oocytes per fish increasing with length of
femdes. Because pogtovulatory follides usudly perss in fish ovaries for only a short period
(Macewicz and Hunter 1993; Hunter and Goldberg 1980; Alhet et al. 1984; Melo 1994), the co-
occurrence of postovulatory follicles and ripe oocytes in blue warehou ovaries suggests successve
batches of oocytes may be released within a few days. More intensve sampling over short time
periods within the spawning season would be required to prove this.

Implicationsfor the fishery

Recruitment, via reproduction, isimportant to a fishery because it is the means by which the resource
is renewed. If indiscriminate harvesting of a populaion occurs, the number of animds that reach
maturity can be reduced to an extent where the reproductive capacity of the population is diminished.
One way of reducing this posshbility is to enxsure that minima fishing pressure is gpplied to the
population prior to the fish reaching maturity. Often this is achieved by setting restrictions on mesh
gze which can be usad to caich the fish. Within the South East Fishery, blue warehou have been
caught predominantly by trawl and gill net (non-trawl) fishing. A Totd Allowable Catch (TAC),
managed through a system of individua transferable quotas was introduced into the trawl sector in
1993. During 1998 a global TAC was introduced (across the trawl and non-trawl sectors) and
leasing of quota between sectors was enabled.  This, combined with the different selectivity of the
two types of gears has important implications for the fishery in terms of the potentia impact on the
reproductive capacity of the stock.

Although most blue warehou caught in the commercia fishery are mature (present study), those
caught in the East by the gill net sector are generdly larger and older than those caught by the trawl
sector in other areas of the fishery (Smith 1999). This primarily reflects differing sdectivities of the
trawl codend mesh (90 mm minimum) compared to the gill nets (150 mm minimum), but may adso be
influenced by the fact that larger fish tend to be caught in the East compared to the West. In

Audrdian waters, blue warehou live to a maximum age of around eight years, and based on the
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results of the present sudy, at the szelage that the fish are caught by mesh nets, they have less
reproductive potentia than the newly matured younger fish captured in the trawl fishery. In recent
years, catches from the gill net fishery have been poor (Smith and Wayte 1999) and under the global
TAC, mogt quota has been leased from the non-trawl sector to the trawl sector (AFMA,
unpublished data). On a purely per-recruit bass, if this non-trawl quota was caught by trawl

operators, it would potentidly reduce the reproductive capacity of the blue warehou stock to a
greater degree, than if the quota was caught by gill nets. Although this point should be considered by
fishery managers, it is a amplisic scenario.  Per—recruit analyses do not incorporate information
about the actua levels of recruitment in afishery (Sainsbury 1992), which is one of the main sources
of variahility in the totd yidd from afishery (MacLennan 1993). More sophisticated models of the
fishery are being developed that will integrate the information on maturity, fecundity and seasond

reproductive patterns gained from the present sudy with other factors such as variable recruitment,
the spatid sructuring of the fishery and inter-sectorid leasing of quota (Punt 1999). The results of
these modes will hep support management decisons that ensure the long term viability of blue
warehou stocks as an important component of the South East Fishery.

BENEFITS

In managing the South East Fishery, the Audrdian Fisheries Management Authority endeavours to
ensure that the blue warehou resource is utilised in a manner consstent with the principles of
ecologicdly sustainable development. To hep achieve this, the Blue Warehou Assessment Group
was formed to undertake a forma assessment of the Status of the resource. Development of afleet-
disaggregated virtua population andysis model gpplied to catch-at-age and standardised fishing
effort data forms the cornerstone of this assessment (Smith 1999, Punt 1999). The primary benefit
of undertaking the current research on blue warehou reproduction, is that improved population
parameters can be incorporated into this model. Such improvements help to reduce levels of
uncertainty in the mode, thereby increasing confidence in model outputs and the management
recommendations they underpin.  Ultimately, this should lead to the long-term viahility of the blue
warehou fishery and benefit the recreational and commercid (trawl and non-trawl) sectors thet utilise

the resource.
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FURTHER DEVELOPMENT

Punt’s (1999) fleet-disaggregeted virtua population analyss incorporates arange information on blue
warehou biology with extengve time-series data inputs from the fishery. Research undertaken in the
present study has gone a long way towards supplying the reproductive population parameters
required in the modd. This information will be incorporated in the mode and reanaysed as part of
the 2000 stock assessment. One mgor change to the modd which will be initiated as a result of the
present sudy is that the fishing year will be dtered to begin in May 0 as to better reflect the timing
of the spawning season. In addition, the sex retio data, together with size at maturity, fecundity and
eggs—per—recruit information will be incorporate in the model and reanalysed. Having incorporated
this information, it is unlikely that more detailed data on blue warehou reproduction will be required
in the short term. Instead, research examining factors such as the details of commercid catch and
effort data, incluson of recreationd catches, higtorical discard rates, variable cohort growth and
evaduation of dternative performance indicators will take a high priority (Smith 1999). In terms of
cost/benefit, these are the areas that are likely to lead to greatest improvement in the modd’s

applicability.

If further work was to be undertaken on blue warehou reproduction, one of the more important
areas would be determining the extent of blue warehou spawning in the different regions of the
fishery. Based on the findings of Bruce et al. (submitted to MFR specid SEF edition), it would be
interesting to determine the level of spawning off Tasmanid s west coadt, a region not included in the
present study. The likelihood that there are two separate spawning stocks, in the East and West dso
warrants further research. As an offshoot of the present study, one of the more interesting findings
was the higher proportion of females in commercia catches. More extensve spatia and temporal
sampling of the blue warehou population by monitoring of commercid catches as wdl as fishery
independent methods would be vauable to help understand the reasons behind the lower occurrence
of maesin commercid catches and the implications this may have for the fishery.

CONCLUSION

Macroscopic and histologica examination of the gonads of blue warehou reveded that they were
batch spawners with a determinate annual fecundity. The gonad maturation cycle for femdes is
described. The annua fecundity of blue warehou can reach around 1.3 million oocytes per fish and
increases exponentidly with fish length. During spawning, these oocytes are released in about three
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large batches. Blue warehou spawn across a wide area, from waters off western Victoria, around
Tasmania and off the south east coast of New South Wales. The main spawning season is during
winter/spring, dthough some low-level spawning may occur throughout the year. The sex ratio of
fish in commercid catches during the spawning season and at other times of the year was around
60:40 in favour of femaes. In conjunction with the results of Bruce et al. (submitted to MFR specid
SEF edition), there may be evidence that fish aggregate in certain areas during spawning. In the
Weg, the fishery tends to target these spawning aggregations off Portland, but there is limited fishing
for blue warehou off the west coast of Tasmania. Targeting of spawning fish is less defined in the
Ead. Blue warehou reach maturity at between 30 and 40 cm LCF, a an age of about three years.
Based on the sdectivity of current trawl and gill net configurations in the South East Fishery,
commercid catches will congst of predominantly mature fish. Eggs—per—recruit analyses reveded
maximum egg production around 40 cm (4-5 years) in an unfished population. Mesh net fishing,
which targets fish larger than 45 cm, was less likdy to impact the relative eggs—per—recruit in a
population than trawl fishing, which catches awider range of smdler fish. The current management
regime alows leasing of quota between the trawl and non-trawl sectors, but due to poor catchesin
the gill net sector over recent years, most quota has been leased from the nonttrawl sector to the
trawl sector (AFMA, unpublished data). To better understand the full implications of these results,
more sophisticated models of the fishery need to be developed which integrate the information on
maturity, fecundity and seasond reproductive patterns gained from the present study with other
factors such as variable recruitment, the spatial structuring of the fishery and inter-sectorid leasing of
quota. This work is currently being undertaken by the Blue Warehou Assessment Group and it is
expected that the autcomes of this assessment will help support management decisions that ensure
the long term viability of blue warehou stocks as an important component of the South East Fishery.
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TABLES

Tablel. Monthly sample numbers from the east coast, east Tasmania and Western Zone of mae
(M), femde (F) and immature (1) blue warehou collected for examination of gonad condition

East Coast East Tasmania Western Zone
Month Tota
Male  Female Immature Tota Mae Female Immature Tota Mae Female Immature Total
May-96 0 0 0 0 0 0 0 0 0 21 0 21 21
Jun-96 3 2 0 31 0 0 0 0 0 30 0 0 61
Jul-96 6 10 0 16 8 19 0 27 21 19 0 40 83
Aug-96 19 21 0 40 0 0 0 0 0 0 0 0 40
Sep-96 11 21 0 32 0 0 0 0 11 20 0 K1l 63
Oct-96 2 16 0 45 0 0 0 0 0 0 0 0 45
Nov-96 9 20 0 29 0 0 0 0 0 0 0 0 29
Dec-96 10 18 0 28 0 0 0 0 0 0 0 0 28
Jan-97 43 k] 0 82 78 80 2 160 9 12 0 21 263
Feb-97 3 T 0 120 0 0 0 0 18 28 1 47 167
Mar-97 51 B 1 147 17 52 0 69 3 6 0 9 225
Apr-97 40 70 0 110 24 54 0 78 28 55 6 89 277
May-97 49 71 50 170 44 47 0 91 65 57 0 122 383
Jun-97 70 106 0 176 0 0 0 0 56 67 0 123 29
Jul-97 5 & 0 141 0 0 0 0 94 87 0 181 32
Aug-97 74 0 0 164 0 0 0 0 19 61 0 80 244
Sep-97 21 31 0 52 0 0 0 0 73 120 0 193 245
Oct-97 45 57 0 102 0 0 0 0 51 95 0 146 248
Nov-97 21 45 0 66 0 0 0 0 53 72 0 125 191
Dec-97 V] 24 0 36 10 20 0 30 0 0 0 0 66
Tota 612 924 51 1587 181 272 2 455 501 750 7 1258 3300

Table2.  Macroscopic description of the developmental stages and of the gonads of mde blue
warehou.

Stage M acr oscopic description

I Immature Tedesvery smdl, flat, and thread-like

Il Early developing Testes flat/rounder in shape
Testes occupy 20 to 70% of the length of body cavity

Il Deveoping Tegteslobed in formation
Marked groovein the middle of each testis visble
Testes occupy 40 to 70% of the length of body cavity
Creamy or white milt sometimes present

IV Late Developing Testes very large and lobed/multilobed
/ Running-ripe Testes occupy 40 to 70% of the length of body cavity
Free-floving milt
Testes white or pinkish, sometimes bloodshot

V  Spent & Resting Testes very bloodshot
Testes occupy 20 to 50% of the length of body cavity
Milt sometimes present
Testes brownish and rubbery asthey regressto resting stage
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Table3. Macroscopic and histologica descriptions of the developmenta stages of the gonads of femae blue warehou.
Stage M acr oscopic description Histological description
I Immature Small thread-like ovaries Chromatin nucleolar stage: very small oocytes, nucleus
Ovaries pink and translucent surrounded by athin layer of dark-blue-stained cytoplasm
Il Early developing Oocytes not visible Perinucleolar stage: oocyte size increases slightly as dark-blue-
Ovaries pink and translucent stained cytoplasm thickens, nucleoli appear at the periphery of
nucleus
lla  Developing Ovary wall thin and transparent
11b Redeveloping Ovariesflaccid, ovary wall thick
Ovary colour pink/greyish to yellow-orange, and opague
1l Developing Small oocytes becoming visible, still translucent Cortical alveoli stage: appearance of cortical alveoli in pale-blue-
Ovaries sometimes change from pink to yellow-orange Ovaries stained cytoplasm, pink-stained zona radiata distinguishable, ail
occupy 20 to 70% of the length of body cavity vesicles appearing, lampbrush chromosomes often visible in the
nucleus
v Late Developing Small opague oocytes clearly visible Yolk stage: marked increase in oocyte size, cytoplasm filled with

VI

VIl

(yolked)

Ripe

Running-ripe

Spent & Resting

Ovary wall thin and transparent
Ovaries occupy 20 t0100% of the length of body cavity

Large transparent (hydrating) oocytes visible among Ovaries occupy
70t0100% of the length of body cavity

Hydrated oocytes are very large, almost totally translucent with ail
droplet visible. They are easily expressed from ovaries
Ovaries occupy 70t0100% of the length of body cavity

Some residual oocytes visible within translucent material Ovaries
flaccid, greyish ovary wall thickened and wrinkled
Ovaries occupy 20 to 70% of the length of body cavity

pink-stained yolk granules, cortical alveoli and ail vesicles
increase in size and number; degenerating postovulatory follicles
visible if spawning has started

Nuclear migration stage: migration of nucleusto periphery of
oocyte, fusion of yolk granulesinto yolk plates; fusion of oil
vesiclesinto the oil droplet; degenerating postovulatory follicles
visible if spawning has started

Hydration stage: further increase in size of oocytes, all yolk
granules fused into afew plates

Postovulatory follicles clearly visible, no yolked oocytes left
except for afew undergoing atresia; structure of ovaries
generally loose, hydrated oocytes may be present in lumen
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Fig. 1. Blue warehou were sampled from shdf and mid-dope waters within three regions

(shaded) of the South East Fishery: East Coadt, off Eden and Lakes Entrance; West Coast off
Portland and Eastern Tasmania
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indicated by a dashed line.
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Fig. 4. Mean, £1 SE (| ) and range ( ) of GSl for female and mae blue warehou plotted
againgt macroscopic stage of the gonad.  Analyses performed on data collected between May 1996
and December 1997 and pooled over area.
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Fig. 5. GSl of mae blue warehou plotted against length (L CF cm). Data pooled over region.
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Fig. 7. Maturity ogive for femae blue warehou plotted againgt length (LCF cm). Data points
(?) represent the % mature in 1- cm length classes and the equation of the logidtic regression lineis
% mature =100 / (1 + € 0.309 ? (33.40 — L)) indicating a length at 50% maturity of 33.4 cm. .
Anayses performed on data collected between May 1996 and December 1997 and pooled over
area
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Fig. 8. Maturity ogve for femae blue warehou plotted against age (years). Data points ()
represent the % mature in 0.1 year age-classes and the equation of the logigtic regression line is %
mature =100 / (1 + € 1.748 ? (3.28 — 1)) indicating an age a& 50% maturity of 3.28 years. .
Anayses performed on data collected between May 1996 and December 1997 and pooled over
area
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Fig. 10.  Freguency of mature mae blue warehou with gonads in a developing stage (Stage 111),
in spawning condition (Stage IV ) and spent/resting (Stage V) in: @) Eadt; b) Eastern Tasmania; and
c) West regions. Maes with Stage 11 developing gonads were not included, as it was difficult to
determine their maturity.
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Mean monthly GSI +1 SIE. of mae (? 2? )and femae (¢ - -? - - -) blue warehou

collected from the East region between January 1997 and November 1997.

Fig. 12.
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Mean monthly GSI +1 SE. of mae (? 2? )and femae ( - -?- - -) blue warehou

collected from the West region between January 1997 and November 1997.
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Fig.13.  Percentage of female blue warehou in samples collected from the East, West and East
Tasmanian regions between January 1997 and November 1997.
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Fig. 14.  Frequency didribution of blue warehou oocyte diameter (um) by stage of maturity.
Data pooled from fish collected in different regions.
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Fig. 15. Mean diameter (um * standard deviation) of Stage Il to Stage VI oocytes measured
from whole and histologica preparations. Data pooled from fish collected in different regions.
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Fig. 16.  Annua fecundity estimates and power relationship between annua fecundity and sze of
feméales (line drawn from equation F = 10.397 x LCF %°%°) for blue warehou.
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Fig. 17.  Linear rdationship between batch fecundity and size of femdes for blue warehou. Line
drawn from the equation Batch fec. = 14758 x LCF -441294.
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Fig.18.  Eggs—per—recruit for femae blue warehou plotted againg length (LCF cm) for a range
of naturd mortdity estimates. No fishing mortality has been incorporated into these andyses.
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Fig. 19.  Eggsper—recruit for femae blue warehou plotted againgt age (years) for a range of
naturd mortaity estimates. No fishing mortdity has been incorporated into these anayses.
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Fig. 20. SHectivity ogives used in the eggs—per—recruit anadyses for trawl and mesh net fishing
methods. The ogives incorporate the sdlectivity of the gear as wdl as the availability of fish to
capture by that gear.
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Fig. 21. Eggs—per—recruit for femae blue warehou plotted againgt age (years) for a range of

naturd mortdity estimates. No fishing mortdity has been incorporated into these analyses.
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Plates A — F. Higological sections showing the maturation of blue warehou oocytes from Stage 11
to Stage VII respectively (Scae bar = 50 ?m). In the early stages, nucleoli (n) gppear at the
periphery of nucleus (nu) and corticd dveloli are gpparent in the cytoplasm (cy) which is bounded by
the zona radiata (zr). By dtage IV (Plate C), there is a marked increase in oocyte size and the
cytoplasm s filled with yolk vesicles (yv), corticd aveoli and oil vescles. The nudeus migrates to
the periphery of oocytein Stage V (Plate D) and the yolk granules begin to fuseinto yolk plates (yp).
Stage VI (Plate E) is marked by the onset of hydration (causing cdls to collgpse during histologica
processing) and yolk granules fused into a few plates. After spawning the postovulatory fallicles
(pov) areclearly vishle.
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