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a b s t r a c t
Mulloway (Argyrosomus japonicus) occur in estuarine and coastal waters surrounding Australia, Africa,
India, Pakistan, China, Korea and Japan, where they are important in ﬁsheries. This study identiﬁed that
mulloway in south-eastern Australia had similar growth rates, but matured at smaller lengths and younger
ages, to those in South Africa and Western Australia. Growth of both sexes was similar to about 5 years,
after which females grew faster and attained a greater maximum length than males. Female mulloway
matured at 4–5 years of age with a L50 of 68 cm, whereas males matured at 2–3 years of age with a
L50 of 51 cm. The commercial ﬁshery in New South Wales was characterised by declining catches and a
reduction in the proportion of mulloway of mature lengths in landings. During 2002–2005 commercial
landings were dominated (83%) by ﬁsh within 15 cm of the current minimum legal total length of 45 cm
and aged 2 and 3 years (>80%), even though mulloway can attain lengths of 200 cm and live >30 years.
Estimates of the rates of instantaneous total mortality ranged between 0.34 and 0.45, whilst the rate of
instantaneous natural mortality (M) was estimated to be approximately 0.12. Yield-per-recruit analyses
indicated that mulloway in New South Wales are being growth overﬁshed and substantial increases in
yield could be achieved by increasing the length at ﬁrst harvest. Values of the spawning potential ratio
were below 0.2 under a range of mortality estimates, suggesting that mulloway are at risk of recruitment
overﬁshing. These results suggest that the spawning stock of mulloway in south-eastern Australia has
been depleted and that remedial management action is required to protect this iconic species.
© 2008 Published by Elsevier B.V.

1. Introduction
Mulloway (Argyrosomus japonicus) are teleost ﬁshes of the
family Sciaenidae that are distributed through the Indian and west
ern Paciﬁc oceans (Silberschneider and Gray, 2008). In Australia,
mulloway are found in estuaries and coastal waters from approxi
mately the Burnett River in Queensland (153◦ 131 E, 25◦ 201 S), south
around the continent to the North West Cape in Western Australia
(114◦ 011 E, 21◦ 531 S) (Kailola et al., 1993). Sub-population structur
ing is evident through this range (Silberschneider and Gray, 2008).
Mulloway are considered an iconic species and are highly targeted
by commercial and recreational ﬁshers as they grow to large sizes
(>2 m long, Kailola et al., 1993), have an attractive silver colouration
and are good table ﬁsh.
A synopsis of biological and ﬁsheries information on mulloway
(Silberschneider and Gray, 2008) highlighted important knowledge
gaps, including stock structure, early life-history, local information
on growth and reproduction and ﬁsheries assessment. Signiﬁcantly,
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there appears to be substantial differences in important biological
parameters, including growth and reproduction, between mul
loway from different regions. Such regional variation suggests that
local biological parameters are required for informed management.
In New South Wales (NSW), Australia, mulloway are impor
tant components of the estuarine commercial gillnet (80–150 mm
stretched mesh), and coastal commercial line ﬁsheries (no restric
tions on types or sizes of hooks), and juveniles are a signiﬁcant
bycatch in the prawn-trawl ﬁsheries (Silberschneider and Gray,
2008). Mulloway are also captured by recreational ﬁshers in these
environments and the current recreational harvest is estimated to
be approximately four times greater than the commercial ﬁshery
(Silberschneider and Gray, 2008). Current management arrange
ments for mulloway in NSW include a minimum legal total length
(MLL) of 45 cm and a recreational bag (possession) limit of 5 ﬁsh
per angler. There is concern for the status of the stock of mulloway
in south-eastern Australia because of a perceived decline in their
abundance and average length. A review of reported commercial
catch records in NSW showed a steady and substantial decline
from 380 tonnes during 1973/74 to 60 tonnes during 2005/06
(Silberschneider and Gray, 2008). Such concerns are exacerbated
due to a lack of basic biological and ﬁshery information on which
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to base management decisions. Further, sciaenids worldwide have
been demonstrated to be prone to overﬁshing (Sadovy and Cheung,
2003; Piner and Jones, 2004) and mulloway have already been
assessed as recruitment overﬁshed in South Africa (Grifﬁths, 1997).
In this paper we redress the lack of information concerning
the biology and commercial ﬁshery of mulloway in south-eastern
Australia. Speciﬁc biological characteristics investigated include
growth and length and age at sexual maturity. The length and
age compositions of the commercial ﬁshery are examined, and the
stock is assessed using estimates of mortality, yield-per-recruit and
spawning potential ratio.

Table 1
Macroscopic ovary and testes staging schedule used for mulloway (after Laevastu,
1965)

2. Methods

Stage

Classiﬁcation

Macroscopic characteristics

I/II

Virgin and Immature/resting

III

Developing

IV

Maturing

V/VI

Mature/Spawning

VII

Spent

VIII

Recovering spent

Ovaries small and translucent, pink
or orange in colour. Oocytes not
visible through ovarian wall. Testes
very thin and ﬂat, light pink in
colour.
Ovaries slightly larger. Oocytes
visible through ovarian wall. Testes
slightly larger, triangular in
cross-section, beige in colour.
Sperm present in main sperm duct.
Ovaries larger, opaque, yellow or
orange in colour. Yolk granule
oocytes visible through ovarian
wall. Testes larger, mottled beige
and cream in colour. Softer texture,
sperm present in tissue. Testes
rupture when pinched.
Ovaries larger than stage IV, orange
in colour. Testes larger, cream in
colour, ruptures under slight
pressure.
Ovaries and testes far smaller than
stage V/VI. Ovaries ﬂaccid. Some
yolk granule oocytes still visible
through ovarian wall. Testes
mottled-beige and cream in colour.
Some sperm present in main duct
and tissue.
Ovaries and testes were small.
Similar to stage II, but ovaries red
in colour.

2.1. Sampling procedure
Commercial landings of mulloway caught in estuarine and ocean
waters throughout NSW were sampled for length and age composi
tion on a regular basis between November 2002 and February 2005.
Sampling was primarily done at the Sydney Fish Market (SFM)
and at several ports of landings and ﬁshing co-operatives spread
along the NSW coast. Additional samples for age and reproductive
assessment were also sourced from catches of selected individ
ual commercial and recreational ﬁshers. Fish smaller than the MLL
were collected on an ad hoc basis from other scientiﬁc research
programs and also by a commercial ﬁsher who was issued with a
permit to retain small mulloway.
All ﬁsh sampled were measured to the nearest millimetre and
weighed to either the nearest: (1) gram (ﬁsh < 0.7 kg), (2) 10 g
(ﬁsh 0.7–5 kg), (3) 25 g (ﬁsh 5–10 kg) and (4) 50 g (ﬁsh 10–25 kg).
Mulloway have a convex tail and all length measurements were
therefore total length (TL). When possible, each ﬁsh was also sexed,
gonads weighed (nearest gram) and the sagittal otoliths removed
for age estimation.
2.2. Estimation of age and growth
Sectioned sagittal otoliths were used to estimate the age of mul
loway, after the method of Grifﬁths and Hecht (1995). One whole
sagittae from each ﬁsh was weighed to the nearest 0.001 g, embed
ded in clear resin and sectioned transversely through the core using
a low-speed saw ﬁtted with two diamond blades. Both sides of
the resulting thin section were polished with 9 Jm lapping ﬁlm
after which the section was mounted on a standard glass slide with
glue and a cover slip and viewed under a binocular microscope
(6–12×) with reﬂected light against a black background. Age was
estimated by counting opaque zones that were evident in sections.
The precision of counts of opaque zones was assessed by re-reading
2955 otoliths. This was done by the same reader (VS) without the
knowledge of the interpretation of the previous reading. When the
two independent readings differed, a third reading was done after
which a ﬁnal age was assigned. The coefﬁcient of variation (CV) for
the two readings for each otolith was calculated and an average
across all otoliths was obtained as described in Kimura and Lyons
(1991).
The timing of formation of the ﬁrst opaque zone in the otoliths
of mulloway was estimated by examining the otoliths from young
of-the-year ﬁsh that were kept in captivity for 15 months. These
ﬁsh were spawned in an aquaculture facility during January 2004
and were kept in outdoor 4500 l tanks with ﬂow-through seawater
at ambient temperature (∼15–23 ◦ C) and salinity. Fish (5–10) were
sampled at approximately monthly intervals and their otoliths were
sectioned and examined as described above. Measurements were
made from the otolith core to the centre of each opaque zone and

to the otolith edge. All otoliths from these ﬁsh were examined after
the experiment was terminated in July 2005.
The periodicity of opaque zone formation was validated by
marginal increment analysis and the proportion of otoliths with
opaque margins that were observed through the year. The marginal
increment of ﬁsh with more than 1 opaque zone was measured as
the distance from the last opaque zone to the edge as a proportion
of the distance between the last and second last opaque zones.
Growth was estimated by ﬁtting the length-at-age data to the
von Bertalanffy growth function:

[

t−t

Lt = L∞ l − e−k(0

)

]

where Lt is the length-at-age t; L∞ is asymptotic length; k is the rate
at which the curve approaches the L∞ and t0 is the hypothetical
age at zero length. The growth function was ﬁtted using a non
linear least squares procedure in Microsoft Excel. Separate analyses
were done for males and females and for both sexes combined. The
growth curves for male and female ﬁsh were compared across equal
size and age ranges using the analysis of residual sums of squares
(ARSS) (Chen et al., 1992).
2.3. Length and age at sexual maturity
Mulloway in central NSW are thought to have a late sum
mer/autumn spawning period (Gray and Miskiewicz, 2000;
Silberschneider and Gray, 2008) and we sampled ﬁsh to assess their
reproductive condition between December and February during
2004 and 2005. Macroscopic examination of gonads was used to
determine the sex of ﬁsh and stage of gonad development. A repro
ductive stage was assigned to each gonad for male and female ﬁsh
according to the developmental criteria of Laevastu (1965), based
on size, colour and visibility of oocytes as outlined in Table 1. Fish

222

V. Silberschneider et al. / Fisheries Research 95 (2009) 220–229

staged IV to VII were assumed to be reproductively mature and
capable of spawning during the season being sampled. The propor
tion of female and male ﬁsh assigned as being mature in: (i) each
2 cm length class, and; (ii) each age class, was calculated and logis
tic curves were ﬁtted to the data for each sex using a non-linear
least squares procedure.
2.4. Length and age composition of commercial landings
The lengths of mulloway measured in landings were separated
into those that were caught in estuarine and ocean waters. Estu
arine catches were predominantly from gillnets, whereas ocean
catches were mostly from hook and line. The overall length dis
tribution was determined by combining the estuarine and ocean
data and weighting each by the relative contribution of respective
catches to the total catch during the study. Data on the lengths
of mulloway landed between 1996 and 1999 were available from
the NSW DPI monitoring program. The age composition of mul
loway landed during 2002–2005 was determined by applying
age–length keys, developed from the length-at-age data from each
water body during the present study, to the length composition
data.
2.5. Estimates of mortality rates
Estimates of the instantaneous rate of total annual mortality
(Z) were made from age-based catch curves (Ricker, 1975). These
analyses assumed that recruitment and growth and the catchabil
ity of all age classes were constant across years and that growth
was asymptotic (Ricker, 1969). We used the catch-weighted age
frequency in commercial landings to include both the estuary and
ocean components of the ﬁshery. We did this because we were
most interested in assessing the ﬁshery as a whole. Linear regres
sions were ﬁtted to the plot of natural logarithm of the frequency
of ﬁsh in each age class against age for ages 2–15 and 2–24 years.
We did this because low numbers (<5) of ﬁsh were observed in
each of the 16–24 years age classes. Age 2 was chosen because it
was the most abundant age class present (see Section 3), despite
mulloway not being fully recruited to the ﬁshery until age 3 (see
Section 3). Including an age class that was not fully recruited to the
ﬁshery will have resulted in slightly lower estimates of Z; however
we consider this more precautionary than estimating Z from age 3
onwards.
The instantaneous natural mortality rate (M) was estimated
using the method of Hoenig (1983) based on maximum age and
the assumption that either 5 or 1% of ﬁsh reached the maximum
observed age. Due to the relatively short nature of this study, we
assumed that 5% of mulloway attained the maximum observed age
of 24 years. A second estimate assumed that 1% of ﬁsh attained the
maximum observed age for the species of 42 years (Grifﬁths and
Hecht, 1995). Fishing mortality (F) was estimated by subtracting M
from Z.

Fig. 1. Otolith growth of captive young-of-the-year Argyrosomus japonicus. The ﬁsh
were born during January 2004.

described by Goodyear (1993). The parameters describing growth
and mortality were the same as for the YPR calculations and fecun
dity was assumed to be proportional to body weight (Reiss, 1989).
The SPR was estimated as the potential number of eggs able to be
spawned by a ﬁshed population as a proportion of the potential
number of eggs able to be spawned by an unﬁshed population. The
potential number of eggs spawned was calculated by multiplying
the number of mature females in each age class by their fecundity
and summing across all age classes.
3. Results
3.1. Validation of ageing method
Completed opaque zones were ﬁrst observed in the otoliths of
captive young-of-the-year mulloway in October (2 of 9 ﬁsh) and in
all ﬁsh by November (Fig. 1). The monthly trends in marginal incre
ment data and the proportion of otoliths having opaque margins
were consistent with annual periodicity of opaque zone formation
(Fig. 2). The marginal increment data showed considerable individ
ual variation but with a consistent pattern of higher values during
the austral winter/early spring (June–September) and lower val
ues during spring/early summer (September–December). Between
June and November some otoliths had opaque zones counted near
their edge (low marginal increment values) while others did not
(Fig. 2). The months with the higher marginal increment values
coincided with the highest proportion of otoliths with opaque mar
gins (July–September).
3.2. Age and growth

2.6. Yield-per-recruit and spawning potential ratio
Yield-per-recruit (YPR) calculations were done according to the
method of Beverton and Holt (1957) using the estimates of growth,
length/weight and mortality obtained during the present study.
Estimates of age at capture were converted to length at capture
using the von Bertalanffy growth function parameters. We assumed
knife-edged selectivity for the age/length at ﬁrst capture and cal
culations were done for a range of mortality estimates and lengths
at ﬁrst capture.
A measure of the reproductive potential of the mulloway pop
ulation was made using the spawning potential ratio (SPR) as

Counts of opaque zones were made for 3077 otoliths and ranged
between 0 and 24. Sample sizes where sex could be identiﬁed
were small because the majority of ﬁsh sampled from commer
cial catches were sold whole or were cleaned prior to sampling
and thus could not be sexed. The oldest mulloway was a 120 cm
female estimated to be 24 years old, while the largest ﬁsh sampled
was 169 cm and 14 years old. The oldest male was estimated to
be 14 years old and measured 96.3 cm. The precision of re-reading
otoliths was high with 91.7% total agreement and 99.7% agree
ment ± 1 year between readings. The coefﬁcient of variation (CV)
averaged across all ages was 0.03.
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Fig. 2. (A) Marginal increments from Argyrosomus japonicus aged >1 year, and (B) the proportion of otoliths having opaque margins using combined data from the same
months each year.

Male and female mulloway had signiﬁcantly different growth
curves (ARSS, F(3,247) = 4.37, P < 0.01) (Fig. 3A). The mean lengths
at ages 2–5 years were similar between sexes. Beyond age 5,
the mean lengths at age were more variable but were generally larger for females. The 10 largest ﬁsh from those that were
sexed were all females. The general growth of mulloway was
described by the von Bertalanffy growth function parameters
L∞ = 131.7 cm, k = 0.197 year−1 and t0 = −0.552 year (Fig. 3B). Mul
loway grew rapidly in the ﬁrst 6 years, reaching approximately
100 cm, after which the rate of growth slowed. There was considerable variation in length at any given age (Table 2, Fig. 3).

The length–weight relationship for mulloway was described by
the equation:
Weight (kg) = 0.00001679 × Length (cm)2.869 (r 2 = 0.97).

3.3. Length and age at sexual maturity
Length at sexual maturity (L50 ) was estimated to be
51.26 ± 1.35 cm for male and 67.86 ± 1.05 cm for female mulloway
(Fig. 4). All males larger than 63.0 cm were mature and all females
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Table 2
Age–length key for all mulloway sampled during the present study (2002–2005)
Length class (cm, TL)

Ages (years)
0

5–9
10–14
15–19
20–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
85–89
90–94
95–99
10 0–104
105–109
110–114
115–119
120–124
125–129
130–134
135–139
140–144
145–149
150–154
155–159
160–164
165–169
n

23
188
75
31
15
3

1

Total
2

3
34
50
13
23
11
23
1

3

2
4
17
43
737
673
237
81
30
8
3

4

4
39
64
70
44
26
14
3
7
6
1

5

4
22
40
30
34
30
21
27
15
9
2

6

1
4
6
9
10
8
9
18
9
7
2

7

5
2
2
4
3
3
2
8
5
1

8

3
3
4
4
4
2
3
5
4

1

9

1

2
1
1
6
5

10

1

1
2
1

11

1

12

13

1

1

2
2

1
1

1
1

1
1

2
2
1
2
1

1

1

158

1835

278

234

85

35

32

18

>79.0 cm were mature. Some (∼10%) males were mature at age 2
years and most (∼80%) were mature after 3 years. In contrast, very
few (<2%) females were mature at age 3 years, ∼57% were mature
at age 4 years and all were mature by 5 years of age.

3.4. Length and age composition of landings
The length composition of mulloway measured in landings
between 2002 and 2005 from estuarine and oceanic waters dif
fered slightly with a greater proportion of small (50–60 cm)
mulloway observed in estuarine catches and a greater proportion of
large (>70 cm) mulloway in ocean waters (Fig. 5A). Approximately
80% of mulloway from estuarine waters were caught in gillnets
(80–150 mm stretched mesh); the other 20% comprised catches
from beach-seines, hook and line and unrecorded methods. Sim
ilarly, approximately 95% of mulloway caught in oceanic waters
were caught by hook and line, the other 5% comprised some beachseine and trawl catches. Overall, 55% of mulloway were reported
from estuarine catches and 45% from oceanic catches and these
relative weightings were used when combining the length com
position data from each water body. The resulting overall length
composition in commercial landings was dominated (∼84%) by ﬁsh
within 15 cm of the MLL (45 cm) (Fig. 5B). More than 90% of the
landed catch was < the L50 for female ﬁsh (68 cm). When com
pared to the lengths of mulloway that were measured in landings
between 1996 and 1999, there was a much greater proportion of
small (<60 cm) ﬁsh in landings between 2002 and 2005 (Fig. 5B).
Conversely, there were relatively few large (>70 cm) ﬁsh in landings
during the recent period.

17

18

19

20

21

22

23

24

1
2
1
1
1
1
3

3
1
1

1

1

1
1

1

2

1
1

335

16

1

1
1

1

15

3

1

3
4

14

11

8

9

11

4

1

1

1
14

5

0

0

2

0

0

2

0

0

1

23
188
78
65
67
20
40
54
764
712
306
173
115
73
62
54
48
52
30
37
20
28
27
15
8
5
7
2
3

1
3077

The age compositions in commercial landings from estuarine
and oceanic waters were similar; however there was a greater pro
portion of ﬁsh aged 4 years and older in oceanic landings (Fig. 6).
Otoliths from 1015 ﬁsh could either not be assigned to a water body
or were not sampled from commercial landings. The length-at-age
data from estuarine and oceanic mulloway were similar, and we
combined all the data into a single age–length key (Table 2). When
combined with the overall length composition data the resulting
estimated age composition in commercial landings was dominated
(>70%) by ﬁsh aged 2 years and approximately 98% of the catch was
between 2 and 5 years old (Fig. 6). Less than 0.5% of mulloway in
landings between 2002 and 2005 were estimated to be >10 years
old.
3.5. Mortality estimates, yield-per-recruit and spawning
potential ratio
Estimates of total mortality from the slope of the descend
ing limb of the catch curve were 0.45 for ages 2–15 and 0.34
for ages 2–24 (Fig. 7). Estimates of M were 0.12 (based on 5%
of ﬁsh attaining the maximum observed age during the study
of 24 years) and 0.11 (based on 1% of ﬁsh attaining the maxi
mum observed age for the species of 42 years). Estimates of F
(Z − M) therefore ranged between 0.22 and 0.34.YPR trajectories
for a range of lengths at ﬁrst capture at three different esti
mates of M are presented in Fig. 8. YPR estimates at any given
F were inﬂuenced by M, being much greater at lower values of
M. Despite this, the shapes of the trajectories were similar in
each case and indicated that at our estimates of F, mulloway are
being growth overﬁshed at the current MLL of 45 cm. Substantial
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Fig. 4. Length-at-maturity data for Argyrosomus japonicus with ﬁtted logistic curves
for (A) males, and (B) females. The dotted lines indicate the length at 50% maturity.
Fig. 3. Length-at-age data for Argyrosomus japonicus with ﬁtted von Bertalanffy
growth functions for (A) males and females, and (B) combined sexes.

increases in YPR are predicted with increases in the length at ﬁrst
capture.
The SPR decreased rapidly with increasing F regardless of the
length at ﬁrst capture (Fig. 9). At the current MLL of 45 cm and
an estimate of M = 0.12 the SPR ranged between 0.13 and 0.07
for F = 0.22 and 0.33 respectively. Values of SPR were sensitive to
changes in M, with lower estimates of M producing lower values
of SPR for any given length at ﬁrst capture, and larger values of M
producing higher values. However even at a value of M = 0.15, the
SPR at current levels of F varied between 0.08 and 0.16.
4. Discussion
4.1. Growth and maturity
The seasonal presence of opaque otolith margins in wild caught
ﬁsh combined with the marginal increment analysis and the growth
of the otoliths from captive young-of-the-year ﬁsh, demonstrated
that opaque zones in the otoliths of mulloway in south-east Aus
tralia are formed annually. These opaque zones appear to form
during the austral winter/early spring (June–September), but may
not be counted as being completed until late spring/early summer
(November/December). The ﬁrst opaque zone is formed at a similar
time of the year and was completed in all captive ﬁsh by November
(i.e., when they are approximately 8–10 months old). This timing of
opaque zone formation is similar to that described for mulloway in
southern Africa (Grifﬁths and Hecht, 1995), possibly because both
studies were done at similar latitudes (∼28◦ –35◦ S). Opaque zones
in the sectioned otoliths of mulloway were easy to count and this

was reﬂected in our high degree of precision of re-readings (average
CV of 0.03).
The oldest mulloway we aged (24 years) was less than the max
imum reported age of 42 years for the species in South Africa
(Grifﬁths and Hecht, 1995) and 31 years in Western Australia
(Farmer, 2008). This may have been due to limited sampling of large
individuals in the current study. Previously, a mulloway caught in
NSW was aged at 32 years (unpublished), suggesting that poten
tial longevity is similar to mulloway in other regions. Although
length-at-age was variable, the sex-related patterns and rates of
growth we observed were similar to those described for mulloway
in southern Africa (Grifﬁths and Hecht, 1995) and Western Aus
tralia (Farmer, 2008). The growth of males and females was similar
until age 4–5 years (the approximate age at female maturity), after
which females grew faster and attained greater lengths than males.
We acknowledge, however, that our sample sizes were relatively
small for modelling growth by sex and that more data, particularly
from older ﬁsh, would improve our estimates.
Female mulloway matured at larger lengths and ages than males
which is typical of other sciaenids (Grifﬁths and Hecht, 1995;
Grifﬁths, 1996; Fennessy, 2000). Our estimates of length and age
at maturity were considerably less than those reported for mul
loway elsewhere, even though we used similar criteria for assessing
maturity and samples contained ﬁsh over similar length ranges. We
found that 50% of female and male mulloway matured at 68 and
51 cm respectively, compared to 107 and 92 cm in southern Africa
(Grifﬁths, 1996) and 93 and 88 cm in Western Australia (Farmer,
2008). Females in our study matured at 4–5 years of age and males
at 2–3 years. In contrast, female mulloway matured at 6–8 years
in southern Africa (Grifﬁths, 1996) and at about 6 years in West
ern Australia (Farmer, 2008). The length and age that mulloway
mature appears to differ regionally and, as such, local data may be
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Fig. 5. Length composition of commercially landed Argyrosomus japonicus from (A)
estuarine and ocean waters during 2002–2005, and (B) all water classes combined
for 1996–1999 and 2002–2005.

required for determining the best management options for con
serving stocks.
4.2. Fishery and stock assessment
The estimated length and age compositions of the estuarine
and coastal commercial landings of mulloway were relatively sim
ilar, being dominated by ﬁsh very close to the MLL and aged
2 years. The small proportion of ﬁsh aged >5 years in landings,
despite having the potential to live for more than 30 years, is
indicative of a ﬁshery that is heavily exploited or mostly tar
geted at juveniles. The observed decline in landings of mulloway
of mature sizes (>68 cm) between the late 1990s and the present
study is also of concern and, if representative of the population,
may indicate severe depletion of the spawning stock. There have
been no changes in management arrangements, ﬁshing gears or
reported targeting of mulloway during this period. Unfortunately,
there are no comparable data concerning the recreational ﬁsh
ery for mulloway in NSW. The recreational ﬁshery is thought to
take at least four times more mulloway than the commercial ﬁsh
ery (Silberschneider and Gray, 2008) and improved monitoring of
recreational landings would strengthen the assessment. However,
monitoring the recreational mulloway harvest will always be difﬁ
cult and expensive because most targeted ﬁshing occurs during the
night.
The estimates of total mortality (0.34–0.45) are high for a species
with the life-history characteristics of mulloway (i.e., females
maturing at >4 years of age and a potential longevity of >30 years)

Fig. 6. Estimated age composition of commercial landings of Argyrosomus japonicus
from (A) estuarine, (B) ocean, and (C) all waters combined during 2002–2005.

and indicate that between 29 and 36% of the population die each
year. While acknowledging the difﬁculty in estimating mortal
ity rates in exploited ﬁsh populations, we are conﬁdent that our
estimates are reasonable. We provided two estimates of natu-

Fig. 7. Linear regressions ﬁtted to the natural logarithms of the age composition of
commercial landings for Argyrosomus japonicus during 2002 and 2005. The slopes of
the regressions were used to approximate the instantaneous rate of total mortality.
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Fig. 8. Yield-per-recruit estimates for Argyrosomus japonicus for a range of lengths at ﬁrst capture and mortality rates. The current minimum legal length (MLL) is 45 cm. The
dotted lines indicate the estimates of current levels of ﬁshing mortality. Note different y-axis scales for different mortality scenarios.

ral mortality to compensate for the potential effects of age class
truncation in our samples. M can be overestimated when a lower
maximum age is used; we therefore provided an estimate which
assumed that 1% of ﬁsh reached the potential maximum age of
41 years. A natural mortality rate of ∼ 0.1 is consistent with that
estimated for mulloway using numerous approaches in southern
Africa (Grifﬁths, 1997). In addition, other relatively large, poten
tially long-lived coastal ﬁsh species in south-eastern Australia have
been estimated to have natural mortality rates of ∼0.1 (e.g., Seriola
lalandi, Stewart et al., 2004). Nevertheless, continued monitoring
of populations over several years may facilitate more accurate esti
mates of mortality of individual cohorts (Ricker, 1969).
The YPR analyses indicated that mulloway in NSW are growth
overﬁshed across the range of mortality estimates considered. Even

at the least conservative estimates of total and natural mortal
ity, substantial increases in YPR could be expected by increasing
the length at ﬁrst capture. This assumes that larger and older ﬁsh
remain accessible to the ﬁshery; we had no evidence to the con
trary. Growth overﬁshing, on its own, does not necessarily impact
on the ability of a population to replenish itself. Nevertheless,
growth overﬁshing of a stock is not a desirable situation because
it means that the resource is not being harvested optimally and,
in combination with high levels of ﬁshing mortality, can lead to
recruitment overﬁshing. Furthermore, the removal of large preda
tors can impact on the functioning of ecosystems, and this needs
to be considered in any regional ecosystem-based ﬁshery man
agement arrangements (Jennings and Kaiser, 1998; Sinclair and
Valdimarsson, 2003).
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Fig. 9. Spawning potential ratio for Argyrosomus japonicus at a range of lengths at
ﬁrst capture. The current minimum legal length (MLL) is 45 cm. The dotted line
indicates the threshold level for sustainability of 0.2.

Spawning potential ratios have been used in the assessment
and management of other sciaenids such as the red drum Sci
aenops ocellatus (Vaughan and Carmichael, 2002). Threshold levels
of SPR to ensure population persistence have been examined by
Mace and Sissenwine (1993) and the recommended conservative
threshold level for species for which the stock-recruitment rela
tionship is unknown is 0.30. This level may be too conservative for
larger demersal species such as mulloway, and a threshold of 0.20 is
often used for such species (Goodyear, 1993). Because there are no
stock-recruitment data for mulloway and due to their life-history
characteristics, an overﬁshing threshold level of 0.2 is more appli
cable. The SPR for mulloway in NSW probably ranges between 0.07
and 0.13 based on an estimate of M = 0.12. Even at the least con
servative estimate of M considered (0.15) the SPR is less than 0.2.
Better estimates of the growth of females may improve future SPR
analyses. Nevertheless, our data indicate that unless F is reduced
substantially, the length at ﬁrst harvest needs to be increased to
at least 70 cm before the SPR reaches above the level of 0.2. Under
current management arrangements, the SPR analysis suggests that
mulloway in NSW are at a relatively high risk of recruitment failure
as well as being growth overﬁshed.
4.3. Management implications
The data presented here indicate that the mulloway stock in
south-eastern Australia has been severely depleted. Substantial
declines in reported commercial landings, the reduction in the pro
portion of ﬁsh of mature sizes and the near absence of ﬁsh >5 years
old in landings, growth overﬁshing and a SPR that is well below
accepted thresholds for sustainability are all causes for concern.
A reasonable conclusion from these results is that ﬁshing pres
sure is reducing the productivity of the ﬁshery through growth
overﬁshing and that the spawning stock of mulloway has been
reduced to a low level with increasing risks of recruitment failure.
Immediate management action is required to minimise the risk of
stock collapse of, and risks to the ﬁsheries based on, this iconic
species.
The commercial ﬁsheries that catch mulloway are currently
managed by input controls; namely a MLL, mesh size restrictions in
nets, and general spatial and temporal closures not speciﬁc to mul
loway. No restrictions are applied to the types and sizes of hooks
used. One simple management option to assist the recovery of mul
loway would be to increase the MLL to at least 70 cm, which would:
(i) provide greater protection to juveniles; (ii) address the issue of

growth overﬁshing, and; (iii) increase the SPR to above the critical
level of 0.2. The recreational ﬁshery for mulloway is considerably
larger than the commercial ﬁshery in NSW and another potential
tool to reduce ﬁshing mortality would be to reduce the recreational
possession limit from 5 to 1 ﬁsh per person. The successes of such
options are, however, directly related to the survival of mulloway
following capture and release. Survival of released ﬁsh is dependent
on ﬁshing gear, handling practices and environment (Broadhurst et
al., 2006; Cooke and Wilde, 2007). Mulloway are relatively fragile
and survival following capture by hook and line can be low (18%)
when hooks are ingested and removed (Butcher et al., 2006). As
such, further research into the survival of mulloway following cap
ture from a variety of ﬁshing gears (e.g., hook and line and gillnets),
environments (estuary and ocean) and the effects of barotrauma
is needed. Greater protection to juveniles could also be achieved
by mandating the use of bycatch reduction devices and alternate
codend designs (e.g., square mesh) in penaeid-trawl and seine ﬁsh
eries, which have been demonstrated to reduce the capture of small
mulloway (Broadhurst and Kennelly, 1994; Broadhurst, 2000).
An additional option to protect mulloway would be to introduce
spatial and temporal ﬁshing closures to help protect and man
age spawners, particularly identiﬁable spawning aggregations; a
recommended conservation measure for managing and protect
ing these types of ﬁsh (Sadovy de Mitchenson et al., in press). In
fact, a ﬁshing closure provided protection to spawners and assisted
the recovery of stocks of the large sciaenid, Atractoscion nobilis, in
the Southern California Bight (Pondella and Allen, 2008). Closures
could include identiﬁed aggregation sites or even prohibiting the
taking of mulloway during the summer–autumn spawning season,
when they are most vulnerable to capture in the coastal ﬁsheries.
Continued assessments of the recreational and commercial ﬁsh
eries for mulloway would be required to test the effectiveness of
any such management changes on stocks.
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