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Abstract 
This chapter summarizes the current knowledge of the fisheries and biology of four 
commercially exploited species of Ibacus (I. alticrenatus Bate, 1888, I. brucei Holthuis, 
1977, I. chacei Brown & Holthuis, 1998, and I. peronii Leach, 1815) in Australia. These 
species are caught mostly off eastern Australia as by-product of demersal trawling, with 
annual landings (total for all species) of approximately 200 metric tons. Details are given 
for reproductive cycles, sizes at maturity, sex ratios, morphological data, mating, egg 
sizes, brood fecundities, egg-incubation periods, length-frequency distributions, molt
ing, growth, movement, and life-history strategies. As I. chacei and I. peronii account 
for more than 95% of all Ibacus landed, the majority of current information is centered 
on these two species. Although there is considerable interspecies variation in relation 
to specific biological data, there are biological similarities among the four commer
cial species. Females grow to a larger size and reach sexual maturity at a larger size 
than males. Spawning occurs during the cooler months, with hatching occurring in 

ing into larvae. Larvae develop through six to eight stages over two to four months 
spring/summer. Egg-incubation times range from two to four months, before hatch

359 
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before metamorphosing into a transparent nisto larva that does not feed. Nistos sub
sequently molt into juveniles. Growth rates do not vary until sexual maturity has been 
reached after four to six molts. The compilation of this chapter has highlighted that 
more research is required in order to sustainably manage the commercial exploitation 
of these species, and particular attention should focus on estimating mortality rates for 
use in egg- and yield-per-recruit modeling. 

17.1 Introduction 

There are eight recognized species of Ibacus, all confined to the Indo-West Pacific region (Holthuis 1991; 
Brown & Holthuis 1998). Four species (lbacus brevipes Bate, 1888, I. ciliatus (Von Siebold, 1824), 
I. novemdentatus Gibbes, 1850, and I. pubescens Holthuis, 1960) have broadly tropical distributions 
between the South China Sea and northern Australia, with I. novemdentatus also occurring off east Africa. 
The remaining species (/. alticrenatus Bate, 1888, I. brucei Holthuis, 1977, I. chacei Brown & Holthuis, 
1998, and I. peronii Leach, 1815) inhabit the more southern waters of Australia, with I. alticrenatus 
and I. brucei also inhabiting waters of New Zealand. A full account of the taxonomy, morphology, and 
distributions of the eight Ibacus species is contained in Brown & Holthuis (1998). 

As with Thenus, the species of Ibacus inhabit relatively soft sandy or muddy substrates where they 
can be harvested by demersal trawlers, and all but the small deep water I. brevipes are commercially 
fished in at least some areas of their range. They are referred to as "fan lobsters" in the FAO species 
catalogue of the world's marine lobsters (Holthuis 1991), although in Australia they are generally called 
"bugs," a term also used locally for Thenus. The common name "Balmain bug" originally referred only 
to I. peronii, but has subsequently been adopted as the recommended marketing name for all species 
of Ibacus sold in Australia (Yearsley et al. 1999; Haddy et al. 2005). This account of the biology and 
fishery of Australian fan lobsters will focus on the four southern species that are commercially exploited 
off eastern and southeastern Australia, and which have been the subjects of a number of biological and 
fishery oriented studies (e.g., Stewart et al. 1997; Stewart & Kennelly 1997, 1998, 2000; Stewart 2003; 
Haddy et al. 2005). Additional abundance, size composition, and biological data were compiled from 
various exploratory and fishery surveys off Queensland, New South Wales (NSW), and Victoria. 

17.1.1 lbacus alticrenatus Bate, 1888 

Common names include: deep water bug, white tailed bug, velvet bug, and prawn killer (New Zealand). The 
white tailed bugs is distributed from northeast Queensland (latitude 20°S), around the southern Australian 
coastline, to North West Cape (latitude 22°S) in Western Australia (Figure 17.1). It is also found around 
most of New Zealand, including the Chatham Islands. It has an overall depth range between 80 and 700 m, 
but is most commonly caught on the upper-continental slope between 200 and 400 m. Maximum size 
and weight is 65 mm CL (carapace length) and 140 g, respectively. Length-weight relationship (sexes 

9365 (R2combined): total weight = 0.0007 x CL2 · = 0.955; n = 513). 

17.1.2 lbacus brucei Holthuis, 1977 

Common names include: Bruce's bug, deepwater bug, and honey bug. Honey bugs are found along 
Australia's east coast, mainly between central Queensland (latitude 20°S) and central NSW (latitude 
32° S) with a few isolated records as far south as latitude 35° S (Figure 17.1 ). The species has also been 
recorded from northern New Zealand waters off the Kermadec Islands and on the West Norfolk Ridge. 
Its overall depth range is between 80 and 560 m, but it is most abundant near the continental shelf break 
in depths between 150 and 250m. Maximum size and weight is 74 mm CL and 190 g, respectively. 

1712(R2Length-weight relationship (sexes combined): total weight= 0.0003 x CL3· = 0.982; n = 1544). 
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FIGURE 17.1 Map of Australia showing the reported distributions of!. alticrenatus, I. brucei, I. chacei, and I. peronii. 

17.1.3 lbacus chacei Brown & Holthuis, 1998 

Common names include: smooth bug, Balmain bug, and garlic bug (Queensland). The name "garlic bug" 
alludes to the strong odor that emanates from mature males after capture~ a similar odor is also associated 
with mature male I. peronii. This recently described species was previously confused with I. peronii, as the 
two species are similar in size and appearance and have overlapping geographic and depth distributions. 
However, /. chacei is confined to eastern Australia between northern Queensland (latitude 17°S) and 
southern NSW (latitude 36°5), although it is rarely caught south of Sydney (latitude 34°S) (Figure 17.1). 
Its overall depth range is between 20 and 330 m, but it is most abundant on the mid-continental shelf 
between 50 and 150m. Maximum size and weight is 83 mm CL and 325 g, respectively. Length-weight 

0702 (R2relationship (sexes combined): total weight= 0.0004 x CL3 · = 0.992~ n = 7597). 

17.1.4 lbacus peronii Leach, 1815 

Common name: Balmain bug. This species is the best known of the Australian fan lobsters, and is 
widely distributed around the southern half of the continent from about the Queensland-NSW border 
(latitude 28°S) to central Western Australia (latitude 29°S), including the east coast of Tasmania and 
Bass Strait (Figure 17.1). The species is reported from southeast Queensland (Brown & Holthuis 1998), 
but none were found in trawl samples during recent studies (Courtney 2002). With an overall depth 
range of 4 to 288 m, I. peronii has the shallowest minimum depth reported for any Ibacus spp. and is 
mainly found close to shore in waters <80 m deep. Maximum size and weight is 89 mm CL and 375 g, 

0886 (R2respectively. Length-weight relationship (sexes combined): total weight= 0.0004 x CL3 · = 0.995~ 
n = 425). 
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TABLE 17.1 

Estimated Average Annual Landings (metric tons) of Ibacus spp. from 
Eastern and Southern Australia 

I. alticrenatus I. brucei I. chacei I. peronii Total 

Queensland 0.5 1.5 110.0 0 112.0 
NSW (north) 1.5 1.0 49.0 15.0 66.5 
NSW (south) 1.0 0 0 3.5 4.5 
Victoria 2.0 0 0 18.0 20.0 
South Australia 0.5 0 0 2.5 3.0 

Total 5.5 2.5 159.0 39.0 206.0 

Derived from reported landings 2000 to 2004 from commercial catch databases of 
Queensland, New South Wales, Victoria, and South Australian fisheries agencies. 

17.2 The Australian Fan Lobster Fishery 

The annual total catch of Ibacus (all species) in Australia is approximately 200 metric tons and is valued in 
excess of AUD$2 million at the first point of sale. Commercial catch statistics do not differentiate among 
the species, but broad categories are available for some regions. For example, catch data collected by 
the New South Wales Department of Primary Industries divides the reported catches into Balmain bugs 
(/. chacei and I. peronii) and the smaller "deepwater bugs"(/. brucei and I. alticrenatus). This information, 
together with research survey data and port and market observations, has been used to estimate the species 
composition of the landed catch (Table 17.1 ). 

More than 85% of the Australian catch is harvested from southern Queensland and northern NSW waters 
(Table 17.1), and is taken almost totally as by-product in the eastern king prawn (Penaeus plebejus Hess, 
1865) trawl fishery. This fishery encompasses continental shelf waters (20 to 200m depth) from central 
Queensland to central NSW with more than 400 multirigged trawlers (12 to 20 m in length) targeting 
prawns at night (Kailola et al. 1993). Typical nightly catches for individual trawlers are between 50 and 
100 kg of prawns, 5 to 10 kg of Balmain bugs, plus other assorted by-product. More than 90% of the 
bug catch in the king prawn fishery is I. chacei. Small, but regular, quantities of/. peronii are landed 
by prawn trawlers working inshore grounds off northern and central NSW, and from fish trawlers and 
seiners operating off southern NSW and Victoria. Again, daily catches are usually < 10 kg. The relatively 
small total catch of /. brucei is caught in combination with king prawns, usually during winter months 
on outer-continental shelf grounds, while I. alticrenatus are taken on upper-continental slope grounds by 
prawn trawlers or fish trawlers targeting mixed catches. 

Although Ibacus are mainly by-product species, increased consumer awareness, expanding markets and 
price increases have resulted in fishers specifically targeting these species (Baddy et al. 2005). Catch rates 
of the inshore species of Ibacus occasionally exceed 50 kg per night on grounds that have been unfished for 
some time, but fishers report that catches decline quickly to less than 10 kg per night. Fishers also report 
that catch rates of the two deep water species fluctuate widely and are largely unpredictable. Although 
catch rates as high as 50 kg/h (/. brucei) and 60 kg/h (/. alticrenatus) were achieved during exploratory 
trawling on unfished grounds off northern NSW (Gorman & Graham 1978), current commercial catch 
rates are normally around 5 to 10 kg/h. During research trawling on the southern NSW upper-continental 
slope in 1999 to 2001, catch rates of/. alticrenatus in 300 to 420 m ranged between zero and 50 kg/h (i.e. 
0 to 1000 individuals per hour), but the average was less than 6 kg/h (.X = 5.6 ± 9.8; n = 44) (Graham, 
unpublished data). Off western Victoria during the same period, /. alticrenatus was caught between 200 
and 500 m with peak catch rates (12 to 36 kg/h) in 300 to 360 m (.X = 23.2 ± 7.6; n = 9) (Graham, 
unpublished data). 

As is the case with many shallow-water crustaceans,/. chacei and/. peronii appear to be largely inactive 
during daytime when they become less vulnerable to trawls, probably by burying in the seabed. During 
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fishery surveys on northern NSW king prawn grounds, the mean catch number of I. chacei per 30 min tow 
was 18.9±14.2 (n =44) at night, but only 0.9±1.0 for daytime tows (n = 8) (Graham et al. 1993a, 1993b). 
Survey catches of I. peronii on southern NSW grounds indicated similar behavior, with the average number 
per 60 min night-time tow (9.3±7.8; n = 96) being almost double that from daytime tows (4.9±4.4; n = 
96) (Graham et al. 1995, 1996). In contrast, the deeper water I. alticrenatus and I. brucei do not exhibit 
such marked nocturnal behav'ior. The high catch rates for both species during exploratory trawling off 
northern NSW (60 and 50 kg/h; Gorman & Graham 1978) were recorded at night, whereas all catches of 
I. alticrenatus off southern NSW and western Victoria (up to 50 kg/h) were taken during daylight hours 
(Graham, unpublished data). In addition, daytime catch rates of I. brucei off northern NSW were as high 
as 15 kglh (Gorman & Graham 1979). 

The flattened morphology and burying behavior of Ibacus suggest that their vulnerability to trawl gear 
is probably low. However, in the king prawn fishery, most grounds are intensively trawled for much of 
each year and fishing pressure on Ibacus is continually high. The small-meshed (35 to 45 mm stretched 
mesh) prawn trawls employed across most of the fishery retain all size classes of bugs including, at times, 
large numbers of small juveniles (Graham et al. 1993a, 1993b; Graham & Wood 1997). In contrast, the 
proportion of juveniles to adults caught in larger-meshed fish trawls (minimum 90 mm stretched mesh) is 
relatively small (Graham et al. 1995, 1996) probably because the ground-ropes of the nets are not designed 
to fish as close to the seabed as prawn trawls and, even if caught, small bugs can readily fall through the 
large meshes in the front of fish trawls. 

As Ibacus spp. are a by-product of demersal trawling, limiting fishing effort and changing mesh sizes 
are not appropriate management strategies. However, as discard mortality of trawl caught crustaceans is 
relatively low compared to fish (Hill & Wassenberg 1990), retention limits are appropriate management 
measures. Therefore to conserve stocks, fishery management regulations ban the retention of egg-bearing 
females of all species of Ibacus. Minimum legal sizes of 100 mm carapace width (CW, equivalent to 
approximately 50 to 55 mm CL) exist for I. peronii and I. chacei in NSW, but there are no minimum-size 
regulations for the other species in this state. A minimum legal size of 90 mm CW exists for I. peronii in 
Victoria, and a minimum CW of 100 mm CW exists for all species of Ibacus in Queensland. However, 
this "one-size limit fits all" approach in Queensland is inappropriate for the smaller species and is under 
review (Haddy et al. 2005). Although by-catch reduction devices in trawls are also mandatory in the NSW 
and Queensland prawn fisheries (Eayrs et al. 1997; Broadhurst 2000), these devices release few, if any, 
small bugs. 

Although an increasing proportion of the catch from Queensland is exported, there is a strong market for 
bugs in Australia and the bulk of the catch is consumed domestically. The east coast prawn fleet typically 
lands its crustacean catch of prawns, bugs, and crabs already cooked (boiled), whereas the relatively small 
catches taken by southern fish trawlers are landed alive (green). However, wholesale market prices are 
more dependent on size rather than process. Sydney Fish Market auction sales data for 2004 and 2005 
show that 77 metric tons of cooked Balmain bugs (I. chacei and I. peronii) averaged AUD$12.18/kg, while 
8 metric tons of green Balmain bugs sold for the almost identical price of AUD$12.11/kg. During the same 
period, the market price for the smaller "deepsea bug" (/. alticrenatus and I. brucei) was substantially 
lower, averaging AUD$6.87 per kg for 2.7 metric tons of product. 

17.3 Reproductive Biology 

17.3.1 General Description, Structure, and Development of Gonads 

The internal and external reproductive morphologies of Ibacus spp. follow the basic descriptions for all 
decapod lobsters (Aiken & Waddy 1980) in that they are dioecious, possess the typical H-shaped gonads, 
and are easily sexed. Females possess paired genital openings on the coxae of the third pair of pereiopods, 
their fifth pereiopods are chelate, and their pleopods are enlarged with the endopod of the first pleopod 
having a large, broad, leaf-like appearance. The pleopods of mature females also bear long setae. In 
contrast, the pleopods of male Ibacus are relatively small, and the genital openings are located on the 
coxae of the fifth pair of pereiopods. The ovaries and testes are situated dorsal to the alimentary tract and 

http:AUD$6.87
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TABLE 17.2 

Macroscopic and Histological Descriptions of Ovarian Development in lbacus Spp. 

Stage Macroscopic Description Histological Descriptions 

1. Immature Ovaries clear to white, small, straight and 
narrow. Individual oocytes not visible. 

All oocytes in ovaries are previtellogenic and 
uniform in size. Maximum oocyte diameter 
is 0.2 mm. 

2. Immature/regressed Ovaries cream to yellow and small. 
Individual oocytes not visible. 

Oocytes in ovaries display an increasing size 
gradient with the germinal strand and 
radiating mass of previtellogenic oocytes 
located in the center and larger vitellogenic 
oocytes surrounding the outer margin of the 
ovary. Approximately 30% of oocytes are 
vitellogenic with a maximum oocyte 
diameter of 0.44 mm. 

3. Maturing Ovaries yellow to orange enlarged 
throughout their length, but not convoluted. 
Individual oocytes are just visible through 
the ovary wall. 

Previtellogeriic oocytes restricted to the 
germinal strand. Approximately 80% of 
oocytes vitellogenic with a maximum 
oocyte diameter of 0.58 mm. 

4. Mature Ovaries bright orange, swollen, and 
convoluted filling all available space in the 
cephalothoracic region. Individual oocytes 
are clearly visible through the ovary wall. 

All visible oocytes vitellogenic with a 
maximum oocyte diameter of 0.87 mm. 

5. Spent Ovaries cream to yellow/orange, large but 
not convoluted with flaccid and granular 
appearance. A few residual oocytes can 
sometimes be seen through the ovary wall. 

Residual and atretic oocytes present, with a 
maximum oocyte diameter of 0.32 mm. 
Ovarian wall thick and contracted. 

extend from the level of the eyes back to the abdomen. They consist of paired tubes joined by a transverse 
bridge located approximately one third of their length frmn the anterior end. The oviduct in females and 
the vas deferens in males pass from just posterior of the transverse bridge to the genital apertures. The 
proximal vas deferens is white, highly convoluted, and widens into a straight distal section that leads to 
the genital opening. 

Female reproductive development has been classified into five ovarian stages that are easily assessed 
through the application of macroscopic descriptions (Table 17.2). Stewart et al. (1997) verified these 
macroscopic descriptions with histological examinations of/. peronii and/. chacei ovaries (Figure 17.2). 
Their results highlight that ovarian development is synchronous and mean oocyte size progressively 
increases with increasing maturity stage until batch spawning and ovipositioning occurs. 

Limited work has been done on male reproduction; however, maturity can be classified into three 
categories based on the macroscopic appearance of the vas deferens: (I) immature: vas deferens thin, 
threadlike, and clear; (2) maturing: vas deferens slightly enlarged and clear to slightly opaque, and; (3) 
mature: vas deferens distended, swollen, and opaque white to yellowish. Stewart et al. ( 1997) assessed 
male/. peronii to be mature by the presence of spermatophores in histological sections of the vas deferens. 

17.3.2 Temporal and Spatial Trends in Reproduction 

The location and timing of spawning is best described using the proportion of ovigerous females in catches 
and/or seasonal variation in gonadosomatic indices (GSI). Table 17.3 details the seasonal occurrence and 
peak abundance of ovigerous Ibacus species inhabiting Australian waters. In the three most studied 
species, /. brucei, /. chacei, and /. peronii, all display repeatable cycles of reproduction. However, 
the location, onset, and duration of reproductive activity displays marked interspecific variability. For 
example, ovigerous /. peronii are present all year off the NSW coast, although ovigerous females are 
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FIGURE 17.2 Pooled oocyte size frequency distributions and histological micrographs of each ovarian stage of Ibacus 
peronii. Scale bars = 0.5 mm. (Modified from Stewart, J., Kennelly, S.J., & Hoegh-Guldberg, 0. 1997. Crustaceana 70: 
344-367; used with permission of Brill Academic Publishers.) 
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TABLE 17.3 

Summaries of Biological and Life-History Characteristics of Commercial Australian Fan Lobsters from the 
East Coast of Australia 

Ibacus lbacus lbacus lbacus 
Species alticrenatus brucei chacei peronii 

Male maximum size 55 65 73 79 
(CLmm) 

Female maximum 65 74 83 89 
size (CL mm) 

937 171 070 089CL-TW TW=0.0007 X CL2· TW =0. 0003 X CL3· TW=0.0004xCL3· TW=0.0004xCL3·

relationship 
Female PM L50 39 47 55 50 

Female PM 60.0 63.5 66.3 56.2 
(% CLmax) 

Egg size 0.94-1.29 0.73-1.01 1.02-1.37 0.97-1.45 
(mm diameter) 

Fecundity range 1.7-14.8 2.0-61.3 2.1-28.8 5.5-36.7 
(x 103) 

CL-BF relationship BF=0.00005xCL3·1315 BF= 1.3354 x CL-50.882 BF=0.8849 x CL-43.405 BF=0.943 x CL-45 .296 
(x 103) 

Ovigerous season Apr-Oct (Jul) Apr-Aug (May) Jun-Jan (Sep) All year (Jul) 
(peak) 

Egg-incubation 3--4 2-3 3--4 3--4 
period (months) 

Larval duration 4-6 3 
(months) 

Number of 7 6 
phyllosomal stages 

CL =carapace length (mm); TW =total weight (g); PM= physiological maturity (CL mm); BF =brood fecundity. Data obtained 
from Haddy et al. 2005, Stewart et al. 1997, and Stewart & Kennelly 1998. 

most abundant in July to September (winter/early spring), with a secondary peak in abundance during 
December. Similarly, the presence of ovigerous I. chacei off the Queensland coast is also prolonged (June 
to January), with a peak abundance period between July and September and a minor increase in December. 
In contrast, catches of ovigerous I. brucei off Queensland are restricted to the months of April to August, 
with peak abundance in May. Despite these differences, the general trend is for ovipositioning to occur 
during the colder months (late autumn to early spring; May to September) with hatching occurring during 
the spring/summer period. 

Seasonal changes in GSI values and proportions of gonad stages of female I. chacei indicate that 
ovarian recrudescence is relatively rapid, with GSI values and the proportion of females possessing mature 
ovaries rapidly increasing within a one to two month period between February and April (Figure 17.3). 
The coordination of vitellogenic activity with environmental variables is poorly understood in lbacus. 
However, it is possible that a decreasing photoperiod (i.e., after the summer solstice) may initiate this 
activity when water temperatures are still relatively high. The onset of vitellogenic activity in /. chacei 
is further defined geographically, with the southern boundary of vitellogenesis occurring between 26°S 
and 27° S (Haddy et al. 2005). The mechanisms controlling this southern limit for breeding are unknown, 
as mature-sized females commonly occur as far south as Sydney (34 o S). In contrast, vitellogenesis does 
not appear to be geographically restricted for the other three species, with mature and ovigerous females 
occurring throughout their distributions. 

The presence of mature ovaries in ovigerous females and a secondary ovigerous abundance peak late in 
the season in/. chacei and I. peronii suggest that some individuals spawn more than once a year. Haddy 
et al. (2005) noted that the majority of I. chacei undergoing successive ovarian maturation was caught 
early in the spawning season, and that this occurred across a wide range of sizes (55 to 72 mm CL). In 
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FIGURE 17.3 Seasonal changes in (A) mean gonadosomatic index (GSI ±S.E.) from adult female lbacus chacei (>54 mm 
CL), and; (B) sea surface temperature (SST) and daylength, off Central-Southern Queensland from October 2001 to March 
2003. • indicates samples where ovigerous females were present. Dotted lines indicate the timing of the summer solstice. 
(From Haddy, J.A., Courtney, A.J., & Roy, D.P. 2005.1. Crust. Bioi. 25: 263-273; used with permission.) 

contrast, there is currently no evidence to suggest that/. alticrenatus or I. brucei produce multiple broods, 
as all ovigerous females examined have possessed reproductively inactive ovaries (Stages 2 and 5). 

Few studies have examined the seasonal reproductive biology of male lbacus. However, Stewart et al. 
(1997) found spermatophores in the vas deferens of I. peronii from NSW and Victoria throughout the year. 
They concluded from this that males are reproductively active throughout the year with spermatogenesis 
occurring continuously after maturation. 

17.3.3 Sex Ratio, Size at Maturity, Mating, Egg Size, Fecundity, and Incubation Periods 

The sex ratios of the four commercially caught species of Ibacus off eastern Australia are approximately 
1:1. Sex ratios (female to male) have been reported as being 1:1.28 for I. alticrenatus, 1:1.05 for/. brucei, 
1:1.07 for I. chacei, and 1:1.07 for I. peronii. (Stewart 1999; Haddy et al. 2005). 

The size at sexual maturity of lbacus can be assessed at two levels: (1) physiological maturity 
through assessments of gonadal development; and (2) functional maturity- through observations of the 
sizes of ovigerous females and the presence of well-developed setae (2:: 10 mm long, see Stewart et al., 
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FIGURE 17.4 Length-frequency distributions of ovigerous females and logistic size at maturity curves for /bacus alticren
atus, /. brucei, /. chacei, and/. peronii. Data pooled from Haddy, J.A., Courtney, A.J., & Roy, D.P. 2005. J. Crust. Bioi. 25: 
263-273, Graham (unpublished data), and Stewart (unpublished data); used with permission. 

1997) on pleopods (Figure 17.4). Females initiate ovarian maturation at carapace lengths of 38 mm for 
I. alticrenatus, 44 mm for I. brucei, 50 mm for I. chacei, and 48 mm for I. peronii, and attain 50% 
physiological maturity at carapace lengths of 39, 47, 55, and 50 mm, respectively. However, there is 
currently some concern that functional maturity may not be attained until the molt that occurs after 
reaching physiological maturity. The estimated sizes at physiological maturity range between 56.2 and 
66.3% of the maximum reported sizes (Table 17.3). Stewart et al. (1997) investigated the potential for 
geographical variation in the size at maturity of I. peronii from Victoria and northern NSW, but found 
no difference in the size at which ovarian maturity occurred at these locations. Although very limited 
data is available on males, they typically mature at smaller sizes than females, with male maturity in 
I. alticrenatus, I. brucei, I. chacei, and I. peronii occurring as small as 37, 43, 47, and ;38 mm CL, 
respectively (Haddy & Graham, unpublished data). 

Mating has not been observed in Ibacus, but observations of I. chacei and I. peronii in the field and 
in aquaria allow some insight into mating mechanics. Molting is not a prerequisite; thus, mating occurs 
when the female is hard-shelled (Stewart et al. 1997; Haddy et al. 2005). Spermatophoric masses are 
persistent, gelatinous, an opaque white color, and are deposited as two elongated strips, approximately 
20 to 30 mm long, close to the genital openings (Stewart et al. 1997; Haddy et al. 2005). It is thought 
that fertilization occurs externally and relatively soon after mating while the eggs are transported from 
the genital apertures to the setae. 

As for many decapod crustaceans, the eggs on ovigerous females can be classified into three main 
categories based on color and the stage of development of the larvae inside the egg. Newly deposited 
(early stage) eggs are spheri~al and bright orange. During development, the eggs progressively increase 



in size and develop two black eyespots (mid-stage). As hatching approaches, the eggs turn a clear-brown 
color and the two eyes pots enlarge (late stage). During this development, the size of the egg progressively 
increases (Figure 17.5). Brood fecundity is highly variable both within and among the four species, 
ranging between 1700 to 14,800 eggs for I. alticrenatus, 2000 to 61,300 eggs for I. brucei, 2100 to rv 

28,800 eggs for I. chacei, and 5500 to 36,700 eggs for I. peronii (Stewart & Kennelly 1997; Haddy et al. 
2005). The brood fecundity-carapace length (BF-CL) relationships for I. brucei, I. chacei, and I. peronii 
are positive and linear, while in I. alticrenatus, this relationship is slightly curvilinear (Figure 17.6; Table 
17.3). Although the egg-carrying capacity of Ibacus is size dependent, considerable interspecific variation 
exists. The main reasons for these differences relate to life history strategies and the sizes of eggs produced 
(Stewart & Kennelly 1997; Haddy et al. 2005). For example I. brucei is a medium-sized bug that produces 
a small egg (0.73 to 1.01 mm) and, as a result, the brood fecundity of I. brucei is relatively high. In 
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FIGURE 17.5 Mean egg size (±95% confidence intervals) for each egg-development stage for Ibacus alticrenatus, I. brucei, 
I. chacei, and I. peronii. (n values are given in parenthesis) (From Haddy, J.A., Courtney, A.J., & Roy, D.P. 2005. J. Crust. 
Bioi. 25: 263-273, and Stewart (unpublished data); used with permission.) 
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FIGURE 17.6 Brood fecundity-carapace length regression relationships for Ibacus alticrenatus, I. brucei, I. chacei, and 
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contrast, I. alticrenatus, I. chacei, and I. peronii produce relatively large eggs (1.0 to 1.4 mm in diameter) 
and possess a relatively lower fecundity than I. brucei. 

Observations of brood fecundity in relation to egg development show that individuals with early-stage 
eggs generally possess higher brood fecundities than similarly sized individuals with mid-or late-stage 
eggs, indicating that egg losses occur during incubation (Haddy et al. 2005). However, the degree of egg 
loss during the egg-incubation period is currently unknown. Egg incubation times have been estimated to 
vary between approximately two to three months for I. brucei and three to four months for I. alticrenatus, 
I. chacei, and I. peronii. Incubation periods within species are likely to be temperature dependent, and 
there is some evidence that I. peronii from cooler Victorian waters have longer incubation periods than 
those in NSW (Stewart 1999). 

17.4 Molting and Growth 

Molting and growth of Ibacus has been studied using tag-recapture data for I. peronii and I. chacei 
(Stewart & Kennelly 2000), modal progression analysis for I. chacei (Haddy et al. 2005), and larval and 
juvenile rearing for I. peronii (Marino vic et al. 1994 ). Studies on the larval development of Ibacus spp. 
indicate that they undergo six to eight phyllosoma stages during two to four months before metamorphosing 
into a postlarval stage called a nisto (Ritz & Thomas 1973; Takahashi & Saisho 1978; Phillips et al. 1981; 
Atkinson & Boustead 1982; Marinovic et al. 1994). Observations of I. peronii showed that larvae hatch 
as first-stage phyllosomas that unfold their swimming legs after 20 min to become actively swimming 
phyllosomas that are strongly attracted to light (Stewart et al. 1997). Larval I. peronii have been reared 
through six phyllosomal instars during 71 to 97 days (mean= 79 days), before molting into a nonfeeding, 
transparent nisto (Marinovic et al. 1994). During this stage they become increasingly pigmented before 
molting into juveniles after 17 to 24 days (mean= 19 days), at an average size of 12.2 mm CL (Marino vic 
et al. 1994). Similarly, Atkinson & Boustead (1982) reported that late-stage I. alticrenatus phyllosomas 
(molt 7) metamorphosed into thenisto stage before molting into juveniles (14.7 mm CL) after 25 to 29 days. 
Marinovic et al. (1994) also reported that juvenile I. peronii in captivity molted after 40 days and increased 
in size to approximately 17 mm CL, a size close to the smallest mode apparent in length-frequency 
distributions of I. peronii retained in trawl nets (Figure 17.7). 

Growth in Ibacus is dependent on molt frequency and molt increment. Strong modes in the length
frequency distributions of Ibacus (Figure 17.7) suggest that after their size at first capture by trawl gear 
(recruiting to the fishery), I. peronii and I. chacei each molt five more times before attaining physiological 
maturity (50 to 55 mm CL). These five molts occur during a period of approximately two years. In 
contrast, I. alticrenatus appears to molt three times and I. brucei four times after being recruited to the 
fishery before attaining their sizes at sexual maturity (39 and 47 mm CL, respectively). Molt frequencies 
ofcaptive I. peronii in NSW suggest that after maturation, molting is a seasonal event (October to January) 
with males molting slightly earlier than females. This is also supported by tag-recapture data in which 97% 
of recaptured animals that were at liberty between October and January in any year had molted (Stewart & 
Kennelly 2000). Molting, however, may not necessarily occur annually, as five recaptured tagged males 
were at liberty for more than two years and one was at liberty for more than three years without having 
increased in size. Thirteen recaptured females were at liberty for more than one year without increasing 
in size, but none for more than two years. It is assumed that animals that did not increase in size had not 
molted, as none had indentations in their carapace margins where the tag penetrated. Such indentations 
were commonly observed in animals that had molted. 

Molt increments for I. brucei, I. chacei, and I. peronii have been determined from modal peaks in 
pooled length-frequency distributions (Haddy et al. 2005) and tag-recapture data (Stewart & Kennelly 
2000). Results indicate that early juvenile growth in Ibacus Spp. is characterized by relatively large molt 
increments (20 to 35% of their premolt size) and frequent molting. However in larger, mature individuals, 
both the relative size of the molt increments (11 to 15%) and the molt frequency is significantly lower. 
The mirroring of modal size classes in pooled length frequency distributions between sexes (Figure 17.7) 
suggests that there are no differences in molt increments between sexes at immature sizes in all four 
commercial species. Stewart & Kennelly (2000), using tag-recapture data, also found no differences in 
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FIGURE 17.7 Pooled length frequency distributions of Ibacusalticrenatus, I. brucei, I. chacei, and/. peronii. Data compiled 
from numerous length frequency databases from the New South Wales Department of Primary Industries and the Queensland 
Department of Primary Industries. Note variable Y-axis ranges. 

molt increments between sexes at all sizes of I. peronii, but females attained larger sizes than males 
because they molted more frequently. These findings suggest that for the four species of Ibacus, early 
growth follows a similar pattern, with few differences in growth between sexes, and each having equal 
molt increments and molt intervals. It seems likely that after males attain sexual maturity, their molting 
becomes less frequent than females, resulting in females attaining larger sizes. 

The growth models for/. peronii, determined by Stewart & Kennelly (2000), suggest the potential 
for this species to live for more than 15 years in NSW waters. This was recently confirmed by several 
long-term recaptures of tagged/. peronii (up to 3417 days at liberty) that have supported the predicted 
growth model (Stewart 2003). There is also some evidence that/. peronii from Victoria do not live as long 
as those in NSW, with the longest time at liberty of tagged animals being only 846 days and no long-term 
recaptures reported. The growth model also suggested that the maximum size of/. peronii in Victoria was 
attained after eight years. Similarly /. chacei reaches its recorded maximum size in five to seven years 
(Stewart & Kennelly 2000; Haddy et al. 2005). 

17.5 Movements 

Contrasting patterns of movement have been described for Ibacus peronii and/. chacei off the east coast of 
Australia. Stewart & Kennelly ( 1998) tagged 3892 I. peronii and 716/. chacei using standard plastic T-bar 
tags (Hallprint Pty Ltd). A total of 557 /. peronii (14.3%) were recaptured and demonstrated a nomadic 
pattern of movement, with individuals being recaptured close to their place of release (mean of 0.35 km) 
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FIGURE 17.8 Summary of tagged lbacus chacei that were recaptured more than 10 km from their release locations. 
Numbers are the number of animals represented by each arrow. (Modified and reprinted from Stewart, J. & Kennelly, S.J. 
1998. Fish. Res. 36: 127-132, with permission from Elsevier.) 

and with no specific directional movement. In contrast, recaptured I. chacei (94 animals or 13.1% of those 
tagged), demonstrated a clear northward migration from their release locations, traveling up to 310 km in 
655 days (Figure 17.8). This northward movement was observed across a wide size range (30 to 70 mm 
CL) and was consistent throughout the year from all release locations. The average minimum rate of 
movement (calculated as the shortest distance between release and recapture location divided by time 
at liberty) was 0.15 km/day, but ranged up to 0.71 km/day. To date I. chacei is the only member of the 
Scyllaridae known to undertake such extensive migrations. 

17.6 Comparisons of Life-History Strategies and Recruitment 

The different patterns of movement exhibited by Ibacus peronii and I. chacei provide some insight into their 
life-history strategies. These two species overlap in their distributions, but are generally separated by depth, 
with I. peronii mainly inhabiting waters up to 80 m deep and I. chacei mainly inhabiting waters from 50 
to 150m. The deeper waters inhabited by I. chacei along the center of the continental shelf are strongly 
influenced by the south flowing, East Australian Current (EAC). This current is at its strongest in summer, 
often exceeding three knots across the shelf and five knots further offshore. Currents close inshore are 
generally much weaker ( < 1 knot) and more variable in direction, frequently flowing northward during 
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winter (Cresswell1974, 1984). The small localized movement pattern of/. peronii in these inshore waters 
could be expected to facilitate localized larval retention and settlement. Catches of small ( <20 mm CL) 
juvenile/. peronii off NSW were taken in waters 10 to 50 m deep (November to December) (Graham & 
Wood 1997). In contrast, because /. chacei inhabits depths strongly influenced by the EAC, it is hypo
thesized that this species has evolved an "upstream" migratory behavior almost identical to the eastern 
king prawn (Montgomery 1990). lbacus chacei migrate north of latitude 27°S to reach locations where 
vitellogenesis and spawning occurs, facilitating the dispersal of larvae southward via the EAC. Research 
surveys found the main concentrations ofjuvenile I. chacei (<20 mm CL) off NSW were in depths of40 to 
85 m (November to December) (Graham et al. 1993a, 1993b; Graham & Wood 1997) and off Queensland 
in depths of 80 to 100m (January to February) (Haddy et al. 2005). 

Settlement patterns are poorly understood in the deeper water I. alticrenatus and I. brucei, and these 
species may have evolved different life-history strategies. lbacus brucei inhabits the outer-continental 
shelf where the EAC flows at its strongest and produces oceanic eddies as broad as 200 nautical miles 
in diameter. In such environments, larval mortality is believed to be high due to low larval retention 
(DeMartini & Williams 2001), and it is likely that/. brucei has evolved a higher fecundity to compensate 
for these potentially high larval losses. Juvenile/. brucei (<23 mm CL) have been recorded in depths 
between 138 and 210m (November to February) (Brown & Hothuis 1998; Haddy et al. 2005). In contrast, 
I. alticrenatus mainly inhabits the continental slope between 200 to 400 m and possesses a relatively low 
fecundity. Therefore, it appears that this species has developed an alternative strategy to account for the 
potentially high larval losses in oceanic environments. Juvenile/. alticrenatus (<24 mm CL) are rarely 
caught and have only been reported from deep water (400 to 686 m; January). This suggests that this 
species possesses a deep water settling behavior, as is the case in many deep water spiny lobsters (Kittaka 
et al. 1997; Haddy et al. 2003). This behavior would be advantageous for larvae dispersed into oceanic 
environments as it would assist in reducing mortality levels. 

17.7 Conclusions 

Biological knowledge of the genus lbacus is at a relatively low level. Recent studies have provided some 
understanding of basic biological parameters such as growth rates, reproduction, and life histories for 
the commercially caught I. alticrenatus, I. brucei, I. chacei, and /. peronii. Unfortunately, most of what 
we know of the Ibacinae has been drawn from/. chacei and I. peronii and there is a need for further 
research on the lesser and noncommercial species in order to better understand this genus. lbacus chacei 
and I. peronii are heavily fished on east coast trawl grounds and there is a need for further assessments 
to be done in order to sustainably manage their exploitation. The stock structure of Ibacus species needs 
to be assessed, in particular for I. peronii, as there is a potential for genetically distinct populations to 
occur across Australia. Estimates of natural and fishing mortality rates, the development of basic egg- and 
yield-per-recruit models, and abetter understanding of discard mortality rates would assist in assessment 
of management measures. 
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