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NON TECHNICAL SUMMARY 

r--·'---- -------------·------· 
1 921104 
i..--

l Assessment of the Victorian rock lobster fishery J 

PRINCIPAL INVESTIGATOR : 
ADDRESS: 

OBJECTIVES: 

David Hobday 
Marine and Freshwater 
Resources Institute, 
PO Box ii4, 
Queenscliff VIC 3225 
Telephone: 0352 580111 
Fax: 0352 580270 
Email: d.hobday@msl.oz.au 

1. To obtain biological information on southern rock lobsters across Victoria, particularly size 
at maturity, size/age specific fecundity, growth and migration patterns. 

2. To evaluate methods for estimating the size of southern rock lobster populations. 

3. To determine the recreational impact on the resource. 

4. To assess the current status of the fishery for southern rock lobster in Victoria. 

5. To determine biological and population characteristics of rock lobster off Apollo Bay region, 
Victoria. 

NON TECHNICAL SUMMARY: 

The southern rock lobster (Jasus edwardsit) is fished commercially in south-eastern Australia 
and New Zealand. The Victorian annual catch is currently 458 tonnes with a landed value of 
$14.5 million representing 10.6% of total rock lobster landings in south east Australia (ABARE 
1997). Over eighty percent of Victoria's catch is taken in the Western Management Zone 
(from the South Australian border to Apollo Bay). 

Catch rates in the Victorian fishery have shown a steady decline from 2.5 kg/pot!ift in the 
1950's to 0.47 kg/potlift in 1996/93 (Anon 1997). Since this time, the Western Zone catch 
rates have stabilised at around 0.5 kg/potlift (Anon 1997). The Ea.stem Zone catch rate 
declined steadily until 1992/93, and has shown some stabilisation over the past two years a.nd 
is currently around 0.3 kg/potlift (Anon 1997). 

Investigation of the biology of the species in Victoria highlighted the differences between the 
two management zones particularly with respect to size composition of the commercial catch, 
size at onset of sexual maturity (SOM), movement and growth. 
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Female lobsters were found to reach maturity at a sn1a!ler length in the Western Zona. SOM 
was estimated at 90 mm and 112 mm in the Western and Ea.stem fishing Zones respectively, 
and in the Apollo Bay area (at tha eastem limits of the Western Zone), SOM was estimated 
around 96 mm. SOM, fecundity and commercial catch length frequency were used to 
estimate the ielative reproductive potential of various size classes. in the Westem Zone 75''-'/,., 
of the reproductive potential came from the 105 and i 1 () mrn size c!assas close to the legai 
minimum length. In contrast, maximum reproductlve potential (40%} in the Eastern Zone was 
rrom the length classes between 125 and 135 ri11n. 

The current levei of egg production esthriate in the Western Zone of 14% of the virgin, 
unfished stock, is well below the management target of 25%. Options for achieving a higher 
egg production from the Victorian component of the fishery include reduction of fishing 
mortality and increasing the LML. Reducing fishing mortality would in time increase the mean 
size of individuals in the population, resulting in higher egg production. Increasing the female 
LML from 105 to 110 mm (equivalent to male LML), would increase egg production particularly 
in the Western Zone where the maximum relative reproductive potentiai currently occurs at 
the present LML. However, this would piace the LML 20 mm higher than the SOM which may 
be over-cautious in the long term. Such an increase in LML in the Eastern Zone would have 
less effect on overall egg production because of the low reproductive potential of animals at 
the current LML and the smailer size of the fishery compared with the Western Zone. 
However, an increase in LML in this Zone is necessary given the low percent mature at the 
current LML. A major concem of this study is the need for review of the legal minimum length 
in the Eastern Zone where the size at onset of sexual maturity is 113 mm CL (Hobday and 
Ryan, 1997) or 8 mm above the legal minimum length. Assuming an average growth of 3.0 
mm/yr at 115 mm CL (Table 4), many females would be vulnerable to capture for in excess of 
2 years before breeding. 

Subjective measurement of the softness and degree of fouling of the carapace by polychaetes 
were found to be useful indicators of the moult state of J. edwardsii in the Apollo Bay area. 
These carapace condition data showed that there were strong sex-, size-, and reproductive 
state-specific moult timing pattems for J. edwardsii in the Apollo Bay area. Small and medium 
size males moulted asynchronously from August to April, in contrast to large males that 
moulted once per year around October. Mature females moulted once per year in late autumn 
to winter, just before mating and egg bearing. larger mature females moulted earlier than 
smaller mature females. 

A total of 10,297 lobsters were tagged during the study. Co-operation between MAFRI and 
commercial fishers was high. All tags were released from commercial vessels with fishers 
providing sea time to project staff at no cost Fishers were also encouraged to tag and their 
involvement contributed to 40'%. of the total releases during the study. The majority lobsters 
were released in the Western Zone west of Cape Otway (7,030) and by the end of March 
1996, 1,307 {13%) lobsters had been recaptured. Recapture rates decreased from the west 
to the east of the state, with the highest being from the South Australian border to 
Warrnambool (16%). 

Tagging suggested that many medium size males (approximately legal-size) moulted twice 
per year, with annual growth of about 20 mm carapace length. larger males moulted only 
once annually, probably with slightly smaller moult increments. Females grew at a slower rate 
than males, and immature females had higher growth rates than mature females. Average 
growth rates for both sexes were slightly higher in the Eastern Zone. 

Movements of tagged lobsters while at liberty were mostly localised with 94% being 
recaptured within 10 km, and 65% within 500 metres of the original release position. 
Differences in the frequency of larger movements were more apparent between zones with 
7% of Eastern Zone and only 1% of Westem Zone recaptures moving more than 30 km. In 
the Eastern Zone, 15 females and 6 males moved more than 30 km, averaging 85 km. The 
mean time at liberty for these large movements was 289 days for females and 439 days for 
males, resulting in overall movement rates of 0.45 and 0.25 km/day respectively. The Eastern 
Zone movements generally followed the coastline between Barwon Heads and Cape Otway in 
a south westerly direction, with a mean distance moved of 35 km for females and 23 km for 
males. Of particular interest were the recaptures of several of these lobsters near King Island 
in Tasmanian waters, travelling 60 - 100 km. Unsetose females comprised the majority (79%) 
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of movernents, generally moving to deeper water when recaptured. Seiose and berri,~d 
'females were generally recaptured at the i:,ame depth as release. 

Western Zone rm::ivements were !ass directionai than in the Eastem Zc,ne with rnovements 
greater than 50 km only observed by maies. Most fem ales moved in a south westerly 
direction representing trave! to deeper water. This movement to deeper water was most 
noticeable among immature (unsetose) farna!es that showed a mean distance of .21 km 
compared with seti,se (15 km) and barried (7 km). Movements of males were mostiy in an 
easterly direction along the coast at sirnilar depth contours. 

The recreational SCUBA catch of rock lobster wa.s estimated for 1995/96 using catch rate 
data from a random survey of dive shops, and biological data from Fisheries and Wiidlife 
Officer interviews. The estimated Eastern Zone catch of 11,609 kg was approximately 20% of 
the commercial catch from all depths and 46% of the commercial catch shallower than 20 
metres. The estimated recreational SCUBA rock lobster catch for 1995196 in the Western 
Zone of 9,700 kg was 2.3% of the commercial catch at all depths and 15.5'%, of the 
commercial catch shallower than 20 metres. 

Investigation of the change-in-ratio method of abundance estimation in the Apollo Bay region 
showed that only the precision of the female estimates was adequate for stock assessment. 
Precision was higher for fem ales because the change in propo11ion of the catch that was of 
legal-size (effect size) was higher for this sex. Bootstrap re-sampling showed that the 
distributions of abundance and exploitation rate estimates were skewed (especially for males), 
so that confidence limits based on normal probability theory should not be used. 

CPUE data from the 9 and n Mile Reef area during 1994-95 and from commercial fisher's 
logbooks were utilised in the Leslie method to obtain estimates of abundance and exploitation 
rate for legal-size lobsters in the Apollo Bay area. This method produced unrealistic, 
inconsistent and sometimes nonsensical results because its assumption of constant 
catchability was violated, and because of recruitment of males to legal-size during the fishing 
season. 

Underwater visual census of inshore reefs around Apollo Bay by SCUBA divers was used to 
successfully estimate the density of J. edwardsii. These surveys showed that lobster density 
varied between sites, probably because of differences in the availability of suitable crevice 
habitat. 

The Victorian stock is considered to be fully exploited with concerns over the level of egg 
production and the level of fishing effort. Stock assessment incorporated a range of models 
including biomass dynamic, yield per recruit and preliminary age structured. These included 
increases in fishing effort due to technological improvements, adjustment of fishing effort to 
summer equivalent, and a weighting for recreational catch. Results showed that too much 
effort is being expended in both fishing Zones resulting in reduced yield and lower egg 
production. The biomass dynamics (production) assessment models in the Western Zone 
estimated that the reduction in commercial effort needed to maximise yield was 22-29%. In 
the Eastern Zone fishing effort reductions of 26% and 34% were necessary to maximise yield 
assuming a recreational catch of 12 and 20 tonnes and increases in fishing power of O and 1 °/o 
per year respectively. 

Future research in Victoria should be directed towards more intensive biological sampling and 
tagging to further refine growth, exploitation rates and reproductive biology. Modelling of the 
fishery would then be best undertaken using existing models developed recently in the 
adjacent fisheries of South Australia (McGarvey, Matthews and Prescott 1997) and Tasmania 
(Punt and Kennedy 1997). 
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Background to the project 

The southem rock lobster {Jasus edwsrdsi~ is found in the southern waters from south-wast 
Western Australia to southern New South Wales, including the waters around and between 
Tasmania and New Zealand. An overlap occurs at the extremes of the Australian distribution 
in the west vvith the western rock lobster (Panulirus cygnus} and in the east with the eastern 
rock lobster (Jasus verreaux~. The major fishery for southern rock lobster occurs in the three 
sm;th-eastem states of South Australia ($71 .4 million), Victoria ($"!4.5 million) and Tasmania 
($51.8 miliion) where in 1996/97 4,752 tonnes were !anded, vaiued at $138 million (ABARE 
1997). During the 1996/97 season, the Victorian component of this catch was 458 tormas or 
9.6°/@ of the south eastern fishery catch (ABARE 1997). 

Research into southern rock lobster fisheries is well advanced in the Tasmanian and South 
Australian fisheries and this project aimed to establish a research program to investigate basic 
biological parameters and assess the state of the Victorian component of the fishery. 

This project evolved from the amalgamation of two applications to FRDC, one from the 
Department of Conservation and Environment to assess the status of the Victorian Southern 
Rock lobster Fishery, and another f mm The University of Melbourne aimed at the evaluation 
of abundance estimation methods and investigation of biological parameters in the Apollo Bay 
region. 

Need 

Prior to this study, the status of the fishery in Victoria was uncertain. Catches and catch rates 
in both the eastem and western components of the Victorian fishery have fallen steadily since 
the 1970's prompting concerns about the long term viability of the fishery. An added 
uncertainty was the lack of information on the catch from the recreational fishery and its 
impact on the resource. 

Some biological information was available for southern rock lobster in Victoria, but key 
parameters such as size at first maturity, size specific fecundity and recruitment processes 
were unknown, al of which are critical inputs to effective management of the resource. 

The lack of detailed knowledge of the biology and dynamics of southern rock lobster in 
Victoria also impacts on the understanding of interactions across the south-eastern states, 
particularly in relation to recruitment processes. 

Objectives 

Objective 1: To obtain biological information on southern rock lobsters across 
Victoria, particularly size at maturity, size/age specific fecundity, 
growth and movement patterns. 

Objective 2: To evaluate methods for estimating the size of southern rock lobster 
populations. 

Objective 3: To determine the recreational impact on the resource. 

Objective 4: To assess the current status of the fishery for southern rock lobster 
in Victoria. 

Objective 5: To determine biological and population characteristics of rock 
lobster off Apollo Bay region, Victoria. 
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Methods 

Genf.lra! biology - fecundity and size at onset of maturity 

Fecundity was estimated from egg masses collected from 98 mature females of various sizes 
collected between Pot1iand and Walkervilie held in MAFRI aquaria. Eggs were stored in 
ethanol until ready for counting when they were dried at 40°C for at least 24 hours. The totai 
dry weight was determined and three 0.04g samples were taken and the number of eggs in 
each was counted 'twice under a dissecting microscope. Fecundity was then estimated fo:­
ea.ch sample by simple proportion and the fecundity relationship fitted to all estimates using 
SAS non-linear model proGedure 

Size at onset of sexual maturity (SOM) was estimated from commercial catch sampling data 
and analysed to determine the smallest size class at which 50°/o of females were carrying 
eggs or possessed ovigerose setae. 

SOM estimates, fecundity and commercial catch length frequency were used to estimate the 
relative reproductive potential of each 5 mm size class under current exploitation rates. 

A detailed description of the methods used to determine size at maturity and size specific 
fecundity are documented in Appendix 3 - "Contrasting size at sexual maturity of southern 
rock lobster (Jasus edwardsii) in the two Victorian fishing zones: implications for total egg 
production and management" - D.K. Hobday and T.R. Ryan. 

General biology - movement, growth and larval settlement 

Data collection was conducted during at-sea observations aboard commercial rock lobster 
vessels opera.ting out of major Victorian fishing ports (Fig. 1) between February 1994 and April 
1997. Commercial fishers took project staff on board their vessels as observers during their 
normal fishing activities. The carapace length of all captured rock lobsters was measured and 
recorded a.long with details of the sex, size, shell state, and reproductive state of females 
(Table 1). All undersize lobsters, berried females a.nd out of season females were tagged and 
released. lobsters were tagged on the ventral surface of the first abdominal segment using 
Hallprint T-bar tags (50mm long with 23mm green identification section containing a unique 5-
digit number and the lettering "MSL VIC"). All licensed Victorian commercial rock lobster 
fishers were provided with a tag return booklet containing 20 reply paid cards to record tag 
capture details including date, name and address, vessel, tag number, capture depth and 
position, carapace length, sex, shell colour and hardness, female reproductive state, injuries 
and if applicable, re-release position. These tag return booklets were also distributed to 
recreational SCUBA dive clubs and all coastal Fisheries and Wildlife Officers. Midway through 
the project, commercial fishers were encouraged to tag lobsters which they normally returned 
to the water. Approximately 40 fishers were trained by project staff to tag lobsters and 
supplied with a tagging kit comprising tags, tagging gun, release data shoots, recapture 
reporting cards and plastic callipers. 

Moult timing and reproductive changes were investigated by (1} examining the proportion of 
soft shelled males and females and unsetose/setose/berried females in the commercial catch 
sampling data, and (2) observing changes in tag recaptures. Lobsters which grew or showed 
a reproductive change whilst at liberty for less than 100 days were given an equal probability 
of the change happening across each of the days at liberty. These daily probabilities were 
summed by month and expressed as a percentage of the monthly probabilities of lobsters 
where no change was observed. 

Parameters describing growth rate from tagging data (time at liberty and lengths at release 
and recapture) were estimated using GROTAG, a program developed by Chris Francis 
(NIWA, Wellington, New Zealand) following methods described in Francis ("1988). 
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The distancf~ moved bet\'\feen tag release and recapture positions was cai,eulatad by: 

Distance (km)""' (arcos(cos(ab}cos(ac)+sin(ab)sln(ac)cos(bc))3969,665x1609.344}/1000 

where: ab=((90 -raleaso !atitude)1t)/180 
ac:.,((90 -capture latitude)7t)i180 

bc=abs( { { release iongHude-capture longitude )1t)lt 80) 

Direction moved between tag release and recapture was caic11iated using the method 
described in Treble (1996). Fishers returning tag recapture information were sent details of 
the particular tag including distance and direction traveiled, time at liberty am:! growth. The 
movement information given to fishers was rounded to the nearest 5km and eight compass 
point categories to protect confidentiality of release positions. 

Larval settlement monitoring sites were estabiished at Point Nepean, Ocean Grove, Barwon 
Heads, Lorna, Apollo Bay harbour, Marengo Reef (Apollo Bay) and Port Campbell (Fig. 1). 
Criteria for selection of these sites included proximity to reefs known to contain juvenile 
lobsters (established by consultation with commercial fishers), accessibility and ease of 
servicing in poor weather. At each site, crevice type puerulus collectors similar to those 
described by Booth and Tarring (1986} were used. Crevice collectors are used in Tasmania, 
South Australia, and New Zealand, and use of this collector for this study was based on a 
need to maintain consistency of collector types and larval collection methods across the 
distribution of Jasus edwardsii. Collector heads were constructed from marine grade plywood 
(8 sheets, 400 x 400 x 9 mm) enclosed in a galvanised iron frame with a single craypot a.node. 
Collector heads were labelled using a plastic cow tags so that the history of individual 
collectors could be traced. Collector bases consisted of used car tyres filled with concrete 
with a 400 mm vertical galvanised pole on which the collector head was fixed by a removable 
stainless steel pin. At Port Campbell collectors were arranged in triangular groups with each 
connected by galvanised iron pipes to prevent movement in high seas. 

Sites were serviced monthly by divers as close to the day of full moon as possible. During 
servicing, collector heads were covered with a fine meshed bag to prevent escape of puerulii 
during retrieval, removed from the base and winched aboard the boat where they were 
checked for pueruli. Information was recorded on the collector identification number, the 
number and stage (according to Booth 1979) of captured puerulii, number of crabs, shrimp 
and gobies, degree of fouling and the carapace length of any juvenile lobsters. Before 
returning collectors to the site, the crevices and outside surfaces were cleaned with a wire 
brush to maintain a constant settlement surface. 

Abundance estimation and biological and population 
characteristics in the Apollo Bay region. 

This component of the study was conducted in the Apollo Bay Region. Abundance of 
southern rock lobster (Jasus edwards/1) populations was estimated using the "change--in-ratio" 
and the Leslie methods, the latter of which can be used to estimate stock abundance from 
within-season trends in catch and effort data. These two methods were also used to estimate 
exploitation rates in the Apollo Bay area. Underwater visual census by SCUBA divers was 
used to estimate the number of lobsters per unit area (lobster "density"). 

A detailed description of the methods used to determine the biological and population 
characteristics of rock lobster off Apollo Bay region, Victoria , and for estimating the size of 
southern rock lobster populations a.re documented in Appendix 4 - "To evaluate methods for 
estimating the size of southern rock lobster populations" - R.J. Treble. 

Recreational fishing 

The recreational lobster catch was estimated using data from a SCUBA airfill survey 
conducted during 1993/94, a random monthly survey of divers obtaining airfills at dive shop 
outlets, and Fisheries and Wildlife Officer interviews. The airlill survey was used as an 
estimate of the SCUBA diving effort, dive shop survey gave an estimate of the number of 
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lobsters caught and proportion of divas in each. Tha Fisheries and Wlidlif e Officer interviews 
were used to determine the iength composition and sex ratio of the recreational catch. 

A detailed description of the methods used to determine the recreational impact on the 
resource are documented in Appendix 5 ~ .. The recreational catch and eff o.t estimatf:!s for 
southern rock lobster iri Victoria•,~ LJ. Ryan ar.d D.K. Hobday. 

Stock assessment 

Fishery (Stock) Assessment Groups were formed to undertake amiual assessments of 
Victoria's major fisheries and harvested stocks. Each assessment is conducted with 
reference to the stated management objectives for the fishery and the implications of the 
assessment for management rJf the fishery is a major outcome. The Groups were also 
established to ensure formal communication be'!ween fishery managers, scientists, industry 
and other client groups. 

The 1996 assessment used preliminary results from this study including growth {not separated 
by zone), fecundity, and fishing mortality estimates. Catch and effort data was examined from 
1951 to the present with data for the period 1978 to 1993 examined in detail. Length 
frequency data for the three periods 1963-67, 1980-86, 1990-96 from Portland were examined 
using length-converted catch curve analysis to estimate total mortality. Yield- and egg-per­
recruit analyses were conducted using estimates of growth, mortality and fecundity derived 
from the current research program. These analyses were used to investigate the effect on 
yield from reductions in fishing effort and to estimate the current level of egg production. Two 
types of biomass dynamic models were applied separately to a set of catch and effort data for 
the Western Zone and Eastern Zone. Effort was adjusted to summer (November-April) 
equivalent and various scenarios were examined using a cumulative weighting of effort 
between 1978 and 1993 of 0%, i .5% and 3.0% for technological improvements or increased 
fishing power. 

A detailed description of the methods used to assess the current status of the fishery for 
southern rock lobster in Victoria are detailed in Appendix 6 - "Victorian Fisheries Assessment 
Report - Rock lobster 1996" - D.K. Hobday and D.C. Smith. 

The stock assessment was repeated in October 1997 using the methods outlined above and 
using the more recent results obtained from this study separating growth, size at onset of 
maturity, egg production and mortality estimates by Zone (Appendix 7). 

Results 

The following is a summary of the of the major results for each of the project objectives. A 
more detailed account of the results and discussion of their importance are provided in the 
relevant appendices. 

General biology - fecundity and size at onset of maturity 

Fecundity of Jasus edwardsii from Victorian waters was found to be related to carapace length 
(Cl) by the equation: F = 0.0316 x CL3·359 (r = 0.8539; n=571 ). 

The Ea.stem Zone commercial catch sample contained a higher proportion of larger lobsters 
than from the Western Zone. SOM was estimated from commercial catch sampling (n = 
3,891) and analysed to determine the smallest size class at which 50% of females were 
carrying eggs or possessed ovigerose setae. SOM in the Western fishing Zone (90 mm) was 
lower than in the Eastern fishing Zone (112 mm). 

SOM estimates, fecundity and commercial catch length frequency were used to estimate the 
relative reproductive potential of each 5 mm size class. The maximum reproductive potential 
(75%) in the Western Zone was attributed to the size classes of 105 and 110 mm. In contrast, 
maximum reproductive potential(40%} the Eastern Zone was from the length classes between 
125 and 135 mm. The results from this work indicated that the current legal minimum size 
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limits neeci to be re-assessed and eJso that consideration be given to Si:lparate management 
strategies in each zone. 

General biology - movement, growth and larval settlement 

A total of 15,047 lobsters were examined dwing the stu:Jy with 9,751 measured by on-board 
observers during commercial catch sampiing and the remainder by commercial fishers when 
releasing or recapturing tagged lobsters. The Eastern Zone commerciai catch sarnp!e 
contained a. higher proportion of larger !obsteis than from the Westem Zone with males larger 
than 150mm and females larger than 120mm more abundant in the Eastem Zone (Figure 2}. 
Sex ratio was similar for both zones with the proportion of females highest (61 %} at start of the 
fishing seasor: (November and December). The proportions of each sex were equal from 
January to April with males more comn1on in the catch during May (66%), ,June (59%) and 
jufy (62%}. 

Occurrence of soft shelled lobsters in the catch was low, reflecting the shelter-seeking 
behaviour of iecently moulted lobsters whilst the new shell is hardening. From the commercial 
catch data, the months with the highest percentage of soft shelled lobsters (4%) were March 
for females and June for males (Table 2). Analysis of tagging data for recaptures at liberty for 
less than 100 days at liberty, showed that the months with the highest summed probabilities of 
females moulting were April and June (Figure 3), and October to March and July for males 
(Figure 3). The mean length of tagged lobsters which moulted was higher for females 
between August and November and for males between October and December (Figure 3). 
Similarly, the highest summed probabilities for shell changing from hard to soft whilst at liberty 
were June/ July for females and September for males (Figure 4). 

The proportion berried females was highest in the commercial catch from July to October 
(Table 2). Consequently, these months showed the lowest percentage of setose females 
representing non-breeding or later breeding females (Table 2). Tagging data showed that 
females were most likely to undergo a maturing reproductive change (ie from unsetose to 
setose or berried, or from setose to berried) during March and April (Figure 5). 

Movement 

A total of 10,297 lobsters were tagged during the study with the majority released in the 
Western Zone west of Cape Otway (7,030) (Table 3). The tagging program was well 
supported by commercial fishers who tagged or re-released 4,534 lobsters or 44% of the total 
releases. The length distributions of the releases of females (Figure 6) reflected the 
distribution in the commercial catch (Figure 2) but the number of tagged males above the legal 
minimum length was proportionally lower because of the lack of seasonal closures for males 
during the fishing season thus biasing the releases to undersize males which must be 
returned to the water (Figure 6). Almost all of the males tagged above the legal minimum 
length were captured in pots supplied by project staff and set from commercial vessels during 
commercial catch sampling. By the end of March 1996, 1,307 lobsters or 13% of tagged 
lobsters had been recaptured (Table 3). Recreational divers reported 4 tag recaptures, 38 
were recovered by lobster processors and the remainder were reported by commercial rock 
lobster fishers. Recapture rates decreased from the west to the east of the state, with the 
highest (16%) from the South Australian border to Warmambool which was twice that from 
Wilson's Promontory to the New South Wales border (Table 3). 

Movements of lobsteiS while at liberty were localised with 94% recaptured within 10 km, and 
65% within 500 metres of their original release position. Small differences were observed in 
distances between the sexes for recaptures over larger distances with 2.9% of females and 
2.4% of males moving more than 30 km. Differences in the frequency of larger movements 
were more apparent between zones with 7% of Eastern Zone and only 1% of Western Zone 
recaptures travelling more than 30 km. In the Eastern Zone, 15 females and 6 males moved 
more than 30 km (average 85 km), with most recaptured during November and December and 
several of these recaptured in Tasmanian waters to the northwest of King Island. The mean 
time at liberty for these large movements was 289 days for females and 439 days for males or 
0.45 and 0.25 km/day respectively. Recaptures greater than 50 km from release were only 



observed by rnales in the 1#estem Zon6 whereas simiiar movements or females occurred 11, 
both zones (Figure 7). For recaptures within 10 km of release, movements of females and 
males were similar within each zcne {Figure 8j but the mean distance travailed was ·1 .2 krn 
and 0.7 km ln the Eastern and Western Zones respectively. 

!n the Eastern Zone, most movements followed the coastline between Baiwon Heads and 
Cape Otway in a south westerly direction (Figure 9), generally following the coastal reefs in the 
area (mean distance females 35 km, maies 23 km). Recaptures which travelled in a r1c11th 
westerly or south easterly direction represented inshore and offshore movements respectively 
(Figure "! 0). Unsetose females at reiease cornprised the majority (79%) of movements, 
generally rnoving to deeper water when recaptured. Setose and ben-iad females were 
generally recaptured at the same depth as release. The mean distance of ma!es travelling in 
a north easterly direction, against the general direction in the zone, was much higher than for 
femaies (Figure 9). 

Western Zone recaptures were less directional than observed !n the Eastern Zone (Figure 10). 
Most females moved in a south westerly direction representing travel to deeper water (Figure 
11 ). These movements to deeper water were most noticeable among immature (unsetose) 
females with a mean distance of 21 km compared with setose (15 km) and berried (7 km). 
Female lobsters travelling in an east-south-easterly and north-north-westerly direction were 
relatively frequent and represented movement along similar depth contours (Figure 11 ). 
Recaptures of males were mostly in an easterly direction showing movement along the coast 
at similar depth contours. However, two lobsiers were recaptured over 100 km having moved 
in an east-soutlN':!asteriy direction. Movements of males in northerly and southerly directions 
were less frequent in indicated inshore and offshore travel (Figure 11 ). 

Growth 

The majority of recaptured lobsters showed no growth while at liberty (Figure 12) but of those 
which did, the most frequent increments in carapace length category were 5 and 10 mm for 
females and males respectively (Figure 12). The GROTAG analysis estimated that the growth 
rate constant (K} was higher in the Western Zone for both sexes and l infinity values were 
higher in the Eastern Zone {Table 4). This was more noticeable in the results for females and 
probably caused by biases in tag releases towards smaller females in the Western Zone and 
large females in the Eastern Zone (Figure 6). In contrast, the estimated average growth rates 
(g., gl½) for selected lengths showed faster growth in the Eastern Zone (Table 4). At 90 mm, 
the average growth rate for males (17.5 mm/yr, Table 4) was nearly three times that of 
females (5.9 mm/yr, Table 4). For larger lobsters, males {140 mm CL, Table 4) grew on 
average 7.4 mm/yr, more than twice that of females (3.5 mm/yr at 115 mm Cl, Table 4). 
Males of 140 mm Cl grew much faster in the Ea.stem Zone (8.1 mm/yr, Table 4) compared 
with the Westem Zone (4.8 mm/yr, Table 4). Similarly, females grew faster in the Eastern 
Zone with an average rate of 3.0 mm/yr compared with 2.0 mm/yr in the West {Table 4). 

Larva.I settlement 

Larval collector sites were established at Apollo Bay and Marengo Reef in March 1994, Point 
Nepean in October 1995, lome Jetty in April 1995, Ocean Grove in June 1995 and at Port 
Campbell in August 1996 (Table 5). The Lome site was discontinued in July owing to high 
surge and access problems, and the Point Nepean site was abandoned in September 1995 as 
a result of unstable substrate - neither of these sites recorded any pueruius settlement (Table 
5). The highest and most consistent puerulus settlement was observed at the Apollo Bay 
harbour site where a general pattern of a relatively low settlement was observed from January 
to April with maximum settlement during August The highest settlement of 3.17 puerulus / 
collector was recorded at Apollo Bay harbour during August 1995 (Table 5, Figure 13). 
Settlement at the nearby Marengo Reef collector site was initially similar to Apollo Bay 
harbour, but thereafter showed very low or no settlement (Table 5, Figure 13). Similarly, 
settlement at Ocean Grove was low and only occurred during two months since the site was 
established in 1995. The most recently established site at Port Campbell has shown a low 
level of settlement (0.17 - 0.25 puerulus/collector) in three of the eight months which it has 
been serviced (Table 5, Figure 13). 
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Abundance estimation and biological and population 
characteristics in the Apollo Bay region. 

The following is a summa;y of the main results of the University of Melbourne component of 
the study. More extenslve results are provide in Append!x 4. 

This project evaluated various stock assessment methods that could in theory be used to 
estimate absolute abundance and exploitation rate£; of populations of the southern rock 
lobster, ,Jasus edwardsii in the Apollo Bay area of the Victorian lobster fishery. Data analysis 
concentra.ted on three types of infom1ation: data collected on board lobster fishing vessels, 
archived data from the Marine and Freshwater Resources Institute, and data from SCUBA 
surveys. Observations on lobster biology, catch composition, catch rates, and fishing strategy 
were collected during 100 days spent on board commercial fishing vesseis operating out of 
Apollo Bay. Lobsters were tagged, and experiments conducted to detennine the size­
selectivity of lobster pots with escape-gaps. These data were used apply stock assessment 
methods to populations of J. edwardsii in the Apollo Bay area, and to evaluate the 
assumptions of these methods. Data to determine biological and fishery-related information 
(e.g., size at onset of reproduction) that a.re useful for assessment of the Victorian southern 
rock lobster fishery were collected in this project as well, and are presented here. 

Subjective measurement of the softness and degree of fouling of the carapace by polychaetes 
were found to be useful indicators of the moult state of J. edwardsii in the Apollo Bay area. 
These carapace condition data showed that there were strong sex-, size-, and reproductive 
state-specific moult timing patterns for J. edwardsii in the Apollo Bay area. Small and medium 
size male J. edwardsii moulted asynchronously from August to April, in contrast to large males 
that moulted once per year around October. Mature female J. edwardsii moulted once per 
year in iate autumn to winter, just before mating and egg bearing. larger mature female J. 
edwardsii moulted earlier than smaller mature females. Immature females probably moulted 
more than once per year, one moult being after the moult period of mature females. There 
was significant recruitment to the fishery during the main summer fishing season, as a result 
of moulting to legal-size by males. A much lower level of moulting to legal-size by females 
was observed during the main fishing season. 

Egg-bearing began around June in the Apollo Bay area, and females carried eggs from then 
until the main egg hatching period in September to November. Some smaller mature females 
did not have eggs during August to September, the peak of the egg bearing period. large 
mature fem ale J. edwardsii reproduced earlier than smaller mature females, matching the 
observed size-specific trend in moult timing. Size at onset of maturity ( SOM) and size at onset 
of breeding (SOB; were calculated using observations on whether females had ovigerose 
setae (SOM) or if they were carrying eggs during the peak of the egg bearing season (SOB;. 
Results from these two analyses were close: SOM was calculated as 96.3 to 96.8 mm 
carapace length, SOB was estimated as 98. 7 mm carapace length. There was also some 
evidence that SOM varies between areas at Apollo Bay. 

Tagging suggested that many medium size males (approximately legal-size) moulted twice 
per year, with annual growth of about 20 mm carapace length. Larger males moulted only 
once annually, probably with slightly smaller moult increments. Female J. edwardsii grew at a 
slower rate than males, and immature female J. edwa.rdsii had higher growth rates than 
mature females. Tagging showed that most J. edwardsii moved little, although a very small 
proportion of lobsters moved significant distances offshore to the southwest in the Apollo Bay 
area. Low movement rates meant that stock assessment methods were not biased from 
emigration or immigration during sampling. Loss of Hallprint "t-bar" tags was virtually 
negligible, although loss of western rock lobster "toggle" tags was much higher because of 
loss of the tag's sheath. Some under-reporting of recaptured tagged lobsters by fishers was 
evident Dorsally inserted t-bar tags were more conspicuous to fishennen, had no tag loss, 
were easier to insert, and may have resulted in less damage to lobsters. 

On-board measuring showed that there were consistent differences in the size of J. edwa.rdsii 
in catches from various areas around Apollo Bay. A comparison of 1969-76 and 1992-95 
size-frequency (pooled over all areas and samples) showed that the size of legal-size J. 
edwardsii in commercial catches in the Apollo Bay area has shifted only slightly toward smaller 
lobsters. 
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Field experiments showed that escape~gaps in lobster pots let undersize J. edwarcisii escape 
from pots while on the sea floor. Size-selectivity curves tor pots with different size escape­
gaps were calculated frorn {1) carapace depth and carapace iength measurements and from 
{2) analysis of the experimental data" These data showed that the siZl'J of escape-gaps has a 
large effect on the sizes of J. edwardsii retained in pots, and that the current escape-gap size 
of 60 mm is optimum for the legal minimum lengths in the Victorian fishery. Nonetheless, 
there is potential for soft, postecdysial lobsters just above the legal minirnum length to escape 
frorn pots with 60-mm escape-gaps. The was no evidence to support the hypothesis that 
escape .. gaps enhance CPUE of !egai-size ,I. edwardsii. 

The most intensive catch data were coilacted on board one vessel that consistently fished one 
of the major fishing grounds (the 9 and 11 Mile Reef area) over one fishing season (1994-95). 
These data were used to estimate abundance and exploitation rates of ,/. edwardsii using the 
change-in-.. ratio method. Because sampling was with pots with escape-gaps, size-selectivity 
curves were used to adjust these data to obtain abundance of undersize lobsters. A new way 
to apply the change-in-ratio method is presented, utilising linear regression of the proportion of 
the catch that was of legal-size on each day of fishing versus cumulative catch. The estimates 
for abundance of legal-size J. edwardsii were approximately 2,000 for females and 2,300 for 
males. Exploitation rates were high, about 0.80 for females and between 0.45 and 0.57 
{depending on statistical estimator used) for males over a 3 month period of exploitation 
(probably close to annual rates of exploitation). The higher estimate of exploitation for 
females could reflect the fact that the sex ratio of the catch was skewed toward females. 
However data from carapace condition and tagging showed that for males, recruitment to the 
legal-size component of the stock was significant, suggesting that exploitation of males was 
underestimated compared to females, 

Bootstrap re-sampling was used to calculate confidence limits for the estimates of abundance 
and exploitation rate from the change-in-ratio method. These showed that the precision of the 
female estimates was adequate, but for males the precision was not adequate for stock 
assessment Precision was higher for females because the change in proportion of the catch 
that was of legal-size (effect size) was higher for this sex. Bootstrap re-sampling showed that 
the distributions of abundance and exploitation rate estimates were skewed (especially for 
males), so that confidence limits based on normal probability theory should not be used. 

CPUE data from the 9 and 11 Mile Reef area during 1994-95 (above) and from commercial 
fisher's logbooks were utilised in the Leslie method to obtain estimates of abundance and 
exploitation rate for legal-size lobsters in the Apollo Bay area. This method produced 
unrealistic, inconsistent and sometimes nonsensical results because its assumption of 
constant catchability was violated, and because of recruitment of males to legal-size during 
the fishing season. 

Underwater visual census of inshore reefs around Apollo Bay by SCUBA divers was used to 
successfully estimate the density of J. edwardsii. These surveys showed that lobster density 
varied between sites, probably because of differences in the availability of suitable crevice 
habitat. 

Recreational fishing 

This research was the first attempt to quantify the recreational SCUBA catch of southern rock 
lobster in Victoria. The recreational catch component of marine fisheries resources is an issue 
of increasing concern, particularly for heavily exploited resources such as the southern rock 
lobster. The recreational diving community in Victoria is difficult to sample due to the lack of a 
structured recreational licence database in the state. Unlike states such as Tasmania and 
Western Australia, recreational divers are not required to apply for a specific rock lobster or 
abalone licence and are not required to register a name and address. It was therefore 
necessary for this research to utilise techniques which included a questionnaire distributed 
randomly in dive shops and Fisheries and Wildlife Officer (FWO) interviews conducted during 
regular coastal patrols. The dive shop questionnaires were used to calculate the catch rates 
of southern rock lobster which were then scaled up according to the total number of airfills for 
Victoria, as determined by an air-fill survey conducted during 1993/94. FWO inteiview 
information was also used to characterise the length distribution of the recreational catch sex 
so the numbers of lobsters determined in the dive shop survey could be converted to weight. 
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Dive shop survey 

A tota! of 351 dive shop questionnaires were retumed between November 1995 and 
September 1996, representing 2,135 SCUBA dives in the state. The following are the main 
findings of the survey: 

ii$ Dlff arent diving patterns were detected for each ;wne, but overall 48% of recorded dives 
were from the shore 

® 78% of the respondents belonged to a div13 ciub 
,,,, 45°/o of the total diving activity occurred in central Victoria between Torquay and Wonthaggl 
® 61% of divers indk;ated that they targeted rock lobster and of these divers 44% also 

targeted abalone. 
$ !n the Eastern Zone, a total of 195 rock iobster were caught during 1,463 dives giving a 

mean catch rate of 0.20 iobsters per dive. 
~ In the Western Zone 248 rock lobster were caught in 672 dives yielding a mean catch rate 

of 0.39 lobsters per dive. 
® The catch rate of divers targeting rock lobster was approximately twice the overall catch 

rate for all divers in ea.eh zone, while catch rates appeared to increase for divers with more 
than 10 years experience. 

® Catch rates varied between months throughout the course of the survey, with the highest in 
March and August 96 in the western and Eastern Zones respectively. 

Fisheries and Wildlife Officer survey 

A total of 246 interviews were conducted during the 1995/96 fishing season and a summary of 
the results f oliow: 

* The main capture method was SCUBA (46'>/o), followed by snorkel (33°/o) and hookah 
(12%). 

"' The average carapace length of males from the FWO survey was 136.7 mm, and the 
average carapace length of females was 116.0 mm, which converted to average weights of 
1.36 kg and 0.84 kg for males and females respectively. 

• The catch rates of the divers interviewed in this survey were higher than those estimated 
from the dive shop questionnaire which is believed to be due to the selective sampling of 
the survey. 

e The FWO interviews indicated that only 9% of all divers interviewed caught 400/o of the total 
recreational catch and that catch rates for the hookah divers in the Western Zone were 
much higher than for the other methods. 

The total recreation catch in Victoria for 1995/96 was estimated as 18,241 kg or 3.9% of the 
commercial catch at all depths and 20.8% of the commercial catch in waters shallower than 
20 metres. The total recreational rock lobsier catch in the Eastern Zone (11,609 kg) was 
approximately 20.7% of the commercial catch at all depths and 46% of the commercial catch 
in water shallower than 20 metres. The total recreational rock lobster catch for 1995/96 in the 
Westem Zone (9,700 kg) was 2.3% of the commercial catch at all depths and 15.5% of the 
commercial catch in water shallower than 20 metres. These estimates indicate the significant 
level of the recreational catch and the need for its inclusion in stock assessment 

Stock assessment 

Catch rates in the Victorian fishery have shown a steady decline from 2.5 kg/potlift in the 
1950's to 0.48 kg/potlift in 1992/93. Since this time, the Westem Zone catch rates have 
stabilised at a.round 0.5 kg/potlift The Eastern Zone catch rate declined steadily until 1992/93, 
showing some stabilisation over the past two years (confirmed by examination of catch rates 
of the more experienced fishers), and is currently around 0.3 kg/potlift 

Recent advances in technology such as colour sounders satellite navigation and planing hulls 
have increased fishing power and effort particularly in the Western Zone on the more distant 
fishing grounds, by enabling accurate and repeatable positioning on reefs. 
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The 1996 stock assessment incorporated a range m mcreases in fishing eff ot1 due to 
technoiogical improvements and a weighting in the Eastern Zorie for recreational catch. 
Results or the biomass dynamics (production) assessment models in the Western Zone 
estimated that the reduction in eftort needed to maximise yield was 10%, 29% and 37cyo with 
corresponding increases in fishing power of 0, 1.5 and 3% per year. 

The Eastern Zone production model estimated maximurn y!e!d \.¾ith effort reductions of 36, 4ti 
and 5(i"'/o using effort standardised for winter fishing, a 7 tonne recreational catch and 
increases in fishing power C}f 0, i .5 and 3% par year respectively. Effort reductions of 39, 45 
and 51% would be required to maximise yield if a recreational catch of 14 t,i:>nnes is assumed. 

Yield per-recruit models predicted that a small gain in yield of 8% could be achieved by 
reducing fishing mortality. Egg per recruit analysis estimated that the current Victorian egg 
production between 6 and '19% of the virgin, unfished stock (depending on the level of natural 
mortality used). This estimate is less than the management target of 25% of the virgin egg 
production, and is a cause for concem. 

The 1997 stock assessment, conducted in October 1997, was able for the first time to 
estimate fishing mortality, yield and egg per recruit by fishing Zone. Fishing mortality was 
estimated at o. i ~0.2 in the Eastern Zone for both sexes, and 0.3 and 0.4-0.5 for males and 
females respectively in the Westem Zone. These estimates of fishing mortality are consistent 
with tag recapture rates. Current egg production, expressed as a percentage of unfished egg 
production was 17-32% in the Eastern Zone and 14% in the Western Zone. These results 
were more optimistic than the previous assessment (Appendix 6) primarily because of the 
revised estimates of fishing mortality particularly in the Eastern Zone (Appendix 7). 

The Gulland production model was fitted to catch and effort data for the period 1964/65 to 
1996/97. The Fox model, however, could only be fitted with the addition of data from 1951/52 
to 1963/64. As there are considerable uncertainties about the quality these data, results from 
the Fox model were not considered. The maximum yield and corresponding effort was 
estimated using the following effort weightings {for technological advances) determined after 
discussion with Industry participants at the Stock Assessment Workshop: 

Eastern Zone 0% and 1.0% 
Western Zone 0.5%, 1.25% and 2.0% 

In addition the model was run using data adjusted for recreational catches of 0, 11.6 and 20 
tonnes in the Eastern Zone, and 0, 9.7 and 20 tonnes Western Zone. Results for the Gulland 
model in the Eastern Zone showed that the reduction in commercial effort needed to meet 
effort at MSY were between 26.4% and 34.1% depending on the level of recreational catch 
and the effort weighting used (Appendix 7). This estimate was less than the previous 
assessment because of the partitioning of the reduction between commercial and recrational 
sectors. Results for effort reductions in the Western Zone were unchanged from the previous 
assessment and ranged from 22.2% to 24.3% effort reduction depending on the level of 
recreational catch and the effort weighting used (Appendix 7). 

Discussion 

The results of this work have provided important parameters for assessment of the fishery. Of 
major importance have been the differences in growth, movement and reproduction found 
between the two management zones and the need to consider these differences in future 
management. 

The fecundity estimate for J. edwardsii in Victoria is similar to that by other workers in the 
region (Hobday and Ryan in press). Because of this similarity, further spatial refinement of the 
fecundity relationship would not seem necessary. This study has provided a preliminary 
picture of SOM in Victoria's two fishing zones, however, as SOM for J. edwardsii has been 
found to vary geographically (Annala et al. 1980), estimation of SOM at a finer geographical 
resolution within each fishing zone needs to be investigated in Victoria. 

The current egg production estimate in the Western Zone of 14% of the virgin, unfished stock 
(Appendix 7), is well below the management target of 25%. The effect of local recruitment 
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resulting frcm Victorian egg production is unknown, but until recruitment processes are 
defined, each of the States in the south··east fishery (South Australia, Victoria and Tasmania) 
should aim to maintain suitable levels of egg production. Options for achieving a higher egg 
production from the Victorian component of the fishery include reduction of fishing mortality 
and increasing the LML Reducing fishing mortality would in time increase the mean size of 
individuals in the population, resulting in higher egg production. Increasing the female LMl. 
from 105 to '110 mm (equivalent to male UAL), would increase egg production particuiarly in 
the Western Zone where the maximum relative reproductive pctantial currently occurs at ttie 
present LML. However, this would p!ace the LML 20 mm higher than the SOM which may be 
over-cautious in the long term. Such an increase in LML ln the Eastern Zone would have less 
ieiffeci or, overall egg production because of the !ow reproductive potential of animais at the 
current LML and the smaller size of the fishery compared with the Western Zone. However, 
an increase in LML in this Zone is necessary given the !ow percent mature at the current LML. 
A major concern of this study is the need for review of the legal minimum length in the Eastern 
Zone where the size at onset of sexual maturity is 113 mm CL (Hobday and Ryan, in press) or 
8 mm above the legal minimum length. Assuming an average growth of 3.0 mmiyr at 115 mm 
CL (Table 4), many females would be vulnerable to capture for in excess of 2 years before 
breeding. 

Winstanley (1975) found that femaies moulted from mid May to mid June prior to mating and 
that males moulted later during October and November. The present study confirmed 
Treble's (1996) results which showed a much longer moult period tor males with the larger 
males moulting around October but with moult activity occurring between August and April. 
Treble (1996) also found that the main period of female moulting was autumn to early winter 
with larger individuals moulting earlier. The results from this study showed that smaller 
females were moulting during autumn-winter, and larger females during September-October. 
This spring moult of larger females was also observed during the course of the study In 
captive lobsters held as part of the reproductive investigations of the project 

Movements of lobsters in this study were consistent with other workers (eg. Annala and 
Bycroft i 993, Treble 1996) with the majority of tag recaptures showing little movement 
Similar patterns of offshore movement of maturing females observed by Winstanley (1975) 
were also seen. The most interesting results from the present study were from tagged 
lobsters which moved more than 30km from release. The majority of such movements 
occurred in the Eastern Zone from releases of females between Barwon Heads and Apollo 
Bay and then recaptured during November and December to the south west towards King 
Island. Tagging studies in South Australia have also shown little movement overall with a 
small component of recaptures moving larger distances but in contrast to this study, without 
any single area of destination (J. Prescott pers. Comm.). Annala and Bycroft (1993) found 
that long distance movements of J. edwardsii in southern New Zealand were usually highly 
directional in opposition to the prevailing current system. It is possible that some of the 
Eastern Zone (Bass Strait) females move in the direction of the continental shelf adjacent to 
the Southern Ocean to breed, but until the dynamics of larval dispersion in the region are 
known and more tagging is conducted, this cannot be substantiated. 

The assessment of growth rates by zone differed according to whether the von Bertalanffy 
growth parameters (K, lj or the mean growth at arbitrary lengths (g", g11, Francis 1988) were 
used. There has been much concern about the use of von Bertalanffy growth parameters to 
describe the discontinuous growth of crustaceans. In this study, the results of the GROTAG 
analysis, namely faster growth in the Eastern Zone, explain the observed bias in length 
frequency distribution towards larger animals in this Zone. Similar results have been found in 
South Australia where growth is slower in areas of high catch rates and presumably high 
recruitment, possibly because of density dependant factors (J. Prescott pers. Comm.). 

The establishment of larval collection sites in Victoria as part of this study has been important 
in terms of building a long term monitoring program in South East Australia in order to 
understand larval recruitment processes in the region. The important feature of the data 
collected to date is the variability between sites and the subsequent difficulty in comparing 
absolute settlement rates on a wider scale. As an example, the Apollo Bay Harbour site 
showed the highest settlement rates but these were not reflected in the Morengo Reef site 
less than 5 km away. Settlement rates from Apollo Bay Harbour were consistent with those 
from South Australia and Tasmania as was the peak settlement observed during 1995 at 
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many sites in south east Australia (Frusher, Prescott and Hobday ·1997). The main 
operational problems with the larval collection were the expense of serlicing, accessibility and 
exposure to extreme weather. Continuation of the monitoiing is criticai at sites such as Apo!io 
Bay Harbour and lass productive sites may need VJ be relocated. Estab!ishmant of larval 
coliector sites in western Victoria is a high priority and because of more extreme sea 
conditions may require some structural modification as was necessary at ·!he Port Campbell 
site., 

Tha estimates of expioitation (expioitation rate (u) = 1-e·F, where F is fishing mortality} and 
abundance from the study produced varying ,-esults and highiighted the need for fmther work 
in this area. Trebie's (1996) use of the change in ratio and Leslie methods in two reefs west of 
Apollo Bay were not conch.1sive. The change in ratio method produced very high estimates of 
exploitation rate for females (0.8, F=1.6), and a large range for males (0.04 ·· 0.75, 95% Cl). 
The !ow precision for males was mainly because of the smaller decrease ln the proportion of 
legal-size in the population during the fishing season. The change-in-ratio method is more 
efficient in fisheries where a large proportion of ihe stock is taken out in a short time, because 
in such cases the "ciosed population" assumptions of the method are less likely to be violated, 
and the precision of the method is highest. However, a high exploitation fishery is often 
contrary to management objectives. Hence reductions in exploitation rate through 
management changes may make the change-in-ratio method less precise and not as useful. 
The Leslie method gave much lower estimates of exploitation, OA9 (F=0.65) for females and 
0.07 (F=0.07) for males and for the latter was not reliable probably because of changes in 
catchability during a season. There is probably scope for using the existing extensive CPUE 
data sets with biological and environmental data to understand the causes of changes in 
catchability of J. edwardsii. Mean annual CPUE is probably a more reasonable way of utilising 
CPUE data for stock assessment However this only provides an index of abundance. 
Techniques such as the change-in-ratio method are needed to obtain estimates of absolute 
abundance and exploitation rates of J. edwardsii stocks. Winstanley et al. (1982), and Powell 
(1977b) published estimates of fishing mortality in the Victorian fishery ranging from F of 0.2 to 
0.64. In the present study Hobday and Smith (1996) using length converted catch curves, 
estimated fishing mortality in the Western Zone between 0.28 and 0.45, which were more 
consistent with Treble's tag recapture rate of 30% (Treble 1996) suggesting that exploitation 
was only about 30% (F=0.36) in the area. More recent estimates of fishing mortality from the 
1997 stock assessment were similar for the Western Zone but much lower in the Eastern 
Zone (Appendix 7). In addition, size-frequency distributions of lobsters in the Treble's work 
were quite broad (Treble 1996), i.e., many lobsters managed to grow to be much larger than 
the legal minimum lengths, the opposite expected under a high exploitation rate. Therefore 
the size-frequency data also suggest that the estimates of expJoitatkm rate produced by the 
change-in-ratio method, especially for females, could be too high. 

SCUBA surveys for the estimation of abundance were easily applied to stocks of J. edwardsii 
in Victoria (Treble 1996). However, such underwater visual census techniques are only 
applicable to inshore stocks, and they cannot be used to assess the main stocks of J. 
edwardsii inhabiting areas deeper than 20-30 m. In addition, there is still the problem of scale, 
because density estimated on the larger scale of a fishing ground is likely to be different to 
density estimated from diver surveys. A standard survey over time could be used as an index 
of abundance, and used to monitor the "health" of lobster stocks. 

With the growing national diving population, the pressure on marine resources will 
undoubtedly increase. An important component of stock assessment therefore is recreational 
catch and effort data, particularly in the Eastern Zone where divers and commercial fishers 
both utilise the same inshore reefs. The survey of dive shops showed that in the more popular 
recreational lobster diver locations, the proportion of the recreational catch caught by SCUBA 
may have more impact on inshore populations than the commercial fishery in the same area. 
The estimated catch from this survey represented a lower limit as they did not include capture 
methods such as hookah which were found in the Fisheries and Wildlife Officer survey to 
comprise 12% of the interviews and resulted in a higher catch rate than for SCUBA. These 
results emphasise the need for a better licensing system for recreational lobster fishers which 
would enable random surveys to be conducted annually across all capture methods to better 
estimate catch rates for inclusion in stock assessment 

The current stock assessment highlighted the need for effort reductions which are required to 
achieve sustainable yields, and concerns about the current level of egg production in the 
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Westem Zone. The effect of ioca! recruitment resulting from Victorian egg production is 
unknown, but the South East Australian fishery must be considered as a whole and each State 
should be responsibia for maintaining suitable levels of egg production. Effort reductions 
would pmvide benefits to the Victorian fishery by increasing egg production, increasing long 
tann yiaid, arid improving th<ll economics of fishinu. Similar results have been found in South 
Australia's southern Zone where the same yieid could be expected with less effort if rates of 
fishing mortality were reduced (Prescott et al 1997} 

Examination of CPUE in the Wastem Zone indicated that the fishery has stabilised in ret-:ent 
years. The management target of a 25% racli..1c1:k,n in effort rema!ns appropriate. !n tha 
Eastern Zone, GPUE appears to have aiso stabilised. The revised estimates for the 
percentage reduction in effort of 26-34% to achieve maximum yield, require a review of the 
management target in the Eastern Zone. It !s important however, that any reduction in effort in 
both zones rnust be applied to both the commercial and recreational fisheries. 

A high priority should be given to further improve the spacial resolution of the biological and 
fishery parameters for the Victorian fishery. This study has been successful in resolving these 
to the level of fishing zone but more data will be required in order to model the fishery using 
models developed in South Australia {McGarvey 1997) and Tasmania (Punt and Kennedy 
1997. 

Benefits 

This project provided a much needed assessment of the biology and fishery parameters for 
the Victorian Southern Rock Lobster Fishery. It has helped form the basis for continuing 
monitoring of the resource and identified directions for future research. The community has 
benefited by annual assessments of the state of Victoria's southern rock lobster resource 
which are key inputs to the management of the fishery. The results of the study have been 
used extensively in the management of the fishery by the Rock Lobster Committee of the 
Fisheries Co-management Council. 

Further Development 

The highest priority for future research is collection of more detailed biological information. 
This should be conducted in conjunction with commercial fishers as an on-board measuring 
and tagging program. The resulting data would be used to estimate parameters such as 
SOM, growth, movement and exploitation rates at a finer resolution, and provide data for 
length-based population modelling. 

The data base established as part of this study will continue to be maintained and data from 
tagged lobsters currently at liberty analysed. Liaison with commercial and recreational fishers 
will be on-going to maintain the high level of tag reporting established in this study. 

Monitoring of puerufus and pre-recruits as an index of recruitment variability should be 
continued, particularly in light of increasing research effort investigating the dynamics of 
pelagic stages of the larval cycle prior to settlement 

Monitoring of the recreational catch should be continued. This should be based on a licensing 
system which would require an endorsement to take lobsters, enabling assessment of the 
catch by all capture methods using a random survey of recreational lobster licence holders. 

There is a need for a more sophisticated analysis of commercial catch and effort data to 
provide estimates of changes in fleet dynamics, including fishing power and gear competition. 
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Conclusion 

All of the objectives set in the original proposal were suci;assfuily Gomp!eted. 

Objective 1: To ob!ain biological information across 
'lictof'ia, particularly siie a.t maturity, size/age ~wecific fec!Jndity, 
growth and movemimt patt8ms. 

Extensive bioiogical data. on southem rock lobsters was cciiet~ted during the study with the 
main outcomes as follows: 

"' A fecundity I carapace length relationship was determined. 

• Size at onset of maturity was determined by fishing zone and also at a finer spatial 
resolution in the Apollo Bay region. 

* Growth relationships were detennined for each sex by fishing zone from tagging data. 

® Movement patterns were examined an showed a marked difference between the two 
fishing zones with movements in the Eastern Zone on average larger and more directional 
than in the West 

® Reproductive patterns and moult cycles were defined. 

Objective 2: To evaluate methods for estimating the size of southern rock lobster 
populations. 

0 The Change in Ratio and Leslie methods were used to estimate population size in the 
Apollo Bay region but the results were generally not reliable. 

* Underwater SCUBA visual surveys were more successful but would be difficult to extend to 
waters deeper than 20-30 metres. 

Objective 3: To determine the recreational impact on the resource. 

• The recreational SCUBA catch was estimated by fishing zone for the 1995/96 fishing 
season and compared to the total commercial catch and the commercial inshore catch. 

Objective 4: To assess the current status of the fishery for southern rock lobster 
in Victoria. 

0 A range of models were used to assess the fishery including biomass dynamic, yield per 
recruit and age structured. 

• Various scenarios accounting for changes in fishing power and inclusion of recreational 
catch during the time series of catch and effort data were examined and included in the 
models. 

• Effort reductions required to achieve maximum sustainable yield were estimated for each 
fishing zone. 

Objective 5: To determine biological and population characteristics of rock 
lobster off Apollo Bay region, Victoria. 

Extensive data was collected in the Apollo Bay region defining reproductive and moult cycles 
along with growth and movement patterns. 
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Tables 

Table ·t. 

Table 2. 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Observations recorded during at-sea observations aboard commerciai fishing 
vesse!s. 

Observation Details recorded 
Fishing unit Vessel name and Registratlon 

Position 

Tag number 
Pot number 
Lobster size 
Sex 
Shell colour 

Shell hardness 

Female 
reproductive state 

injuries 
Other 

Skipper and r:rew 
latitude, iongitude from vessel's GPS 
Depth 
Date 
Tag number when used 
Number of pot retrieved 
Carapace length to the nearest 0.1mm. 
Male or female 
Red 
Speckled 
White 
Very soft (indicating recent moult) 
Soft / Flexible 
Hard 
Unsetose 
Short setae 
Setose 
Berried 
External damage 
Number of dead lobsters 
Number of octopus 

Occurrence of soft shelled lobsters and reproductive state of females from 
commercial catch sampling data between February 1994 and April 1997. 

Female Male 

Number Percent soft Percent Percent Percent Number Percent soft 
measured shelled unsetose setose berried measured shelled 

457 0°10 21°10 77°/o 3% 337 0% 

426 0% 35% 64% 0% 465 0% 

342 4% 23% 77'%, 0% 401 1% 

241 1% 13% 86% 0% 234 1% 

607 0% 15% 85°/o 0% 1174 0% 

36 0% 22% 78% 0% 53 4% 

281 2% 37% 4% 59% 462 1% 

620 2% 42% 6% 53% 686 1% 

305 0% 52% 14'%, 34% 218 0% 

307 1% 14% 24% 62% 74 0% 

840 0% 13% 76% 12% 466 0°/o 

454 0% 8'% 89% 3% 239 1% 
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Number of tags released and recaptured by broad area between February 1994 
and April 1997. 
(Tags released by R. Treble omitted) 

_-"_•re __ a___ _ ___ N_-u_m_b_e_r_re_le_aa_e_d ___ N_u_m_b_e_r_r_e_captured _Y9Lcentr~c~ed 
South Australian 
border to 
Warrnambooi 
Warmambool to 
CapeOtway 
Cape Otway to 
Queenscliff 
Queensciiff to 
Wilson's Promontory 
Wilson's Promontory 
to New South Wales 
border 

4,379 

2,651 

2,080 

560 

627 

Total 10,297 

691 16% 

349 13% 

178 9% 

40 7% 

49 8% 

1,307 13'%, 

Table 4. Results of growth parameter estimation from tagging data using Grotag model. 

Male Female 

Parameters Western Eastem Both Western Esstem Both 
Zone :Zone Zones Zone Zone Zones 

Mean growth 9(c!) (mm/year) 17.7(90) 16.7(90) 17.5(90) 6.6(90) 7.7(90) 5.9(90) 

9(cl) (mm/year) 4.8(140) 8.1 (140) 7.4(140} 2.0(115) 3.0(115) 3,5(115) 

Seasonal variation u O* 0.92 O* 0.90 O"' 0.0 

w O* 0.90 O* 0.90 O* 0.0 

Growth variability V 0.11 1.02 0.50 O* 1.09 0.75 

t O* O* O* O* O* O"' 

Measurement error s (mm) 4.3 4.3 4.3 2.2 0.9 1.2 

Outliers p 0.15 0.02 0.01 0.10 0.08 0.06 

Number n 481 118 598 770 190 886 

Asymptotic length l~ (cl, mm) 172.2 187.8 177.0 126.4 161.2 151.7 

Growth constant K 0.24 0.19 0.22 0.20 0.10 0.10 
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Number of pueru!us collectors serviced (top} and rnean number of pueru!ii per 
collector (in brackets) for a!! sites from March '!994 to Apri! 1997. *Collectors 
serviced twice in July 96 as two full moons occurred in the month. Dots indicate 
months when sites were not serviced, crosses discontinued sites. 

1994 
______ M_o_n_th l 2 3 ______ _ 
ApoHo Bay Harbour -r-,-r-6· 

.......,,_..,_(n_u_mb_er/coJL~~ _, I '(1 
Marengo Reef I 

Point Nepean 

1995 
Month 1 2 3 4 5 7 11 12 -----~-

Apollo Bay Harbour . 6 ' 6 6 6 6 6 6 6 6 6 
. (0.00) ,,,, ____ (0.00) 0.83 (2.50) (1.17) (3.17) (L33• (1.00) (0.83) (0.6?1 

Marengo Reef 6 3 . 6 2 5 6 6 . 6 6 2 
(0.00) (0.00) . (0.00) (0.1)()) (0.00) (0.17) (0.00) . (0.00) (0.i}O) (0.00) 

Ocean Grove 3 3 2 . 2 6 
(OJ}O) (0.00) (0.00) . (0.00) . (0.00) 

LomeJetty 6 6 6 6 X X X X X 
(0.00) (0.00) (0.00) (0.00) 

Point Nepean 6 6 6 6 6 6 6 6 X X X X 
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 
1996 

Month 1 2 3 4 5 7-1* 7-2* 9 10 n 
Apollo Bay Harbour 6 6 6 6 6 6 6 6 6 6 6 6 

(0.50) (0.50) 0.83 (0.17) (0.00) (0.00) (LOO) .83 1.83 0.83 0.67 (0.17) 
Marengo Reef 6 6 6 6 6 6 6 6 6 6 6 6 

(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 0.20 (0.17) 
Ocean Grove 6 6 6 6 6 6 6 6 6 6 6 

(0.00) (0.17) (0.17) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 
Port Campbell 6 6 6 6 

(0.17) (0.00) (0.00) (0.00) 
1997 

Month 1 2 3 4 
Apollo Bay Harbour 6 6 6 6 

(0.33) (0.33) 0.83 (0.33) 
Marengo Reef 6 6 6 6 

(0.00) (0.00) (0.00) (0.00) 
Ocean Grove 6 6 6 12 

(0.00) (0.00) (0.()0) (0.00) 
Port Campbell 6 6 6 

(0.20) . (0.00) (0.00) 
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Figure 1. Map of study area showing main Victorian rock lobster fishing ports, fishing 
Zones and lawal collection sites. 
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Figure 2. Length frequency for male {top, n=4,818) and female (bottom, n=4,933) lobsters 
measured by on-board observers during commercial catch sampling (February 
1994 - April 1997). 
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Figure 3. Summed probabilities for male (top) and female (bottom) lobsters which moulted 
while at liberty, expressed as a percentage of those which did not moult 
(February 1994 ~ April 1997). Time at liberty less than 100 days. 
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Figure 4. Summed probabilities for male (top) and female (bottom) lobsters where shell 
changed from hard to soft during time at liberty (less than 100 days), expressed 
as a percentage of those in which shell condition did not change (February 1994 • 
April 1997). 
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Figure 5. Summed probabilities for lobsters which changed from unsetose to setose or 
from setose to berried while at liberty, expressed as a. percentage of those which 
did not moult (February 1994 - April 1997). Time at liberty less than 100 days. 
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Frequency of smaller scale movements (less than 10 km) for recaptured female 
(top) and male lobsters {bottom) by management zone (February 1994 - April 
1997). 
Note logarithmic scale of vertical axis. 

33 



40.0 

35.0 -
~-0 

}2s.o 
~20.0 

~ 
-~15.0 
-0 

j10.o 

5.0 

Eastern Zone 

NNW 
14 

SSW 
19 

N 
i ·1 

s 
19 

NNE 
12 

SSE 
13 

ENE 
16 

E 
13 

ESE 
9 

EENNNNNWWWSSSSSE 
NEN NWN SWS SES 
E E W W W W E E 

Movement direction 

WNW 
2 

w 
5 

wsw 
12 

40.0 

35.0 -!ao.o 
)2s.o 
~20.0 

iii -.~15.0 
-0 

j10.o 
5.0 

0.0 

NNW 
s 

SSW 
14 

N 
II 

s 
8 

NNE 
6 

SSE 
6 

EENNNNNWWWSSSSSE 
NEN NWN SWS SES 
EE WWWWE E 

Movement direction 

Figure 9. Movement direction frequency (top) and mean distance travelled (bottom) for 
Eastern Zone tag recaptures of females (left) and males (right) (February 1994 -
April 1997). Numbers below direction in top figures are the number of recaptures 
for that direction. 
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Appendices ! & 2 

APPENDIX 1 

intellectual Property 
!ntellectua! ownership of da.ta co!lectad during the study wm be shared between the parties. 
Due acknowledgement of funding agendas wm be given in any publications. 

APPENOIX2 

Staff 
David Hobday Project leader October 94, continuing 

Patrick Coutin Project leader July 93 to October 94 

Tom Ryan Scientist February 95 to March 97 

Cynthia Elliott Scientist February 94 to January 95 

Dale Thomson Technical Assistant February 94 to July 97 

Rodney Treble Ph.D. Student January 93 to April 96 

David Lucas On-board observer Casual, February 94, continuing 

Project 92 / 104 
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APPENDIX3 

Objective i ·· 1'To obtain biological information on southern rock 
lobsters across Victoria1 particularly size at maturityJ 
size/age specific fecundity, growth and movement 
patterns. 

Contrasting size at sexual maturity of southern rock lobster 

(Jssus edwardsif) in the two Victorian fishing zones: 

implications for total egg production and management. 

D.K Hobday and T. J. Ryan 

Mara Freshwater ResB, 1977, 48, 1009 .. 1014 

Paper presented at the Fifth International Conference and 
Workshop on Lobster Biology and Management, 

Queenstown, New Zealand, 
February 1997 
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Appendix 3 

Contrasting size at sexual maturity of southern rock lobster 
(Jasus edwardsii) in the two Victorian fishing zones: 

implications for total egg production and management. 

D. K Hobday* and ·r, .. J. Ryan 
E. 

Mar. Freshwater Res., 1977,48, 1001-1008 

Marine and Freshwater Resources Institute, 
P. 0. Box 114, Queenscliff, Australia 

Abstract. Fecundity of Jasus edwardsii Hutton (Decapoda: Paliuuridae) from 
Victorian waters was estimated from egg masses collected from 98 mature females of 
various sizes (97.0-i64.2 mm CL) from Victorian waters. Fecundity (F) was found to 
be related to carapace length (CL) by the equation: F = 0.0316 x CL3·359 (r2 = 0.8539; 
n=571). 

Size at onset of sexual maturity (SOM) was estimated from comm.ercial catch sampling 
(n = 3,891) a..'1.d analysed to determine the smallest size class at which 50% of females 
were carrying eggs or possessed ovigerose setae. SOM in the Western fishing Zone (90 
mm) was lower than in the Eastern fishing Zone (112 mm). 

SOM estimates, fecundity and commercial catch length frequency were used to estimate 
the relative reproductive potential of each 5 mm size class. The maximum reproductive 
potential (75%) in the Western Zone was attributed to the size classes of 105 and 110 
mm. In contrast, maximum reproductive potential( 40%) the Eastern Zone was from the 
length classes between 125 and 135 mm. 

The results from this work indicate that the current legal minimum size limits need to be 
re-assessed and also that consideration be given to separate management strategies in 
each zone. 
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Introduction 

The current Victorian annual commercial catch of J. edwardsii is currently around 500 
tonnes representing 10% of the South--east Australian fishery. The Victorian fishery is 
divided into an Eastern and Western Zone (Fig. 1) with over eighty percent of the catch 
being taken in the latter. Current man.agement of the Victorian commercial fishery is 
based on input controls with limited entry licensing and pot numbers, ciosed seasons, 
minimum legal lengths (110 mm and 105 n:h-n for male and female respectiveiy) and 
escape gaps (Anon 1994), however a recommendation to move towards a quota 
management system was recently announced (Anon 1996). Catch rates in the fishery 
have shown a steady decline from 2..5 kg/potlift in the 1950' s to current levels of 0.5 and 
0.3 kg/potiift in the Western and Eastern Zones respectively (Hobday and Smith. 1996). 

A current management objective in Victoria is to maintain at least 25% of the virgin egg 
production. Size at onset of sexual maturity (SOM) and fecundity are key biological 
parameters used to assess egg production and the applicability of size limits in a fishery. 
However no fecundity estimates have been published for J. edwardsii in Australian 
waters, and the only estimate of SOM (96.3 mm) from Victorian waters comes from a 
small area west of Apollo Bay (Treble, 1996), situated near the boundary of Victoria's 
two fishing zones (Fig. 1). 

Characteristics used to establish sexual maturity of lobsters include changes in 
morphometric relationships, dimorphism of pleopods, condition of ovaries, presence of 
eggs, presence of a spermatophoric mass, and changes in sternal plates (Aiken and 
Waddy 1980). Presence of ovigerose setae on the pleopods of female J. edwardsii have 
been shown to have a strong correlation with mature ovaries (Annala et al. 1980; 
MacDiarmid 1989a). Most maturity measurements of J. edwardsii have used the 
presence of ovigerose setae or eggs carried by females to establish size related estimates. 
Throughout this paper, estimates of SOM refer to the size class having 50 % of females 
mature determined by presence of ovigerose setae or eggs as described in Wenner et al. 
1974. 

SOM is thought to vary due to a number of influences including temperature, growth 
rate, age, metabolic rate, population density, food availability, and other environmental 
factors (Annala et al. 1980). Temperature has been implicated as major influence on 
SOM of localised populations of J. edwardsii (Brad.stock 1950; Street 1969; Annala et 
al. 1980), with larger estimates of SOM in warmer areas with faster growth rates 
compared with relatively colder environments. 

SOM of J. edwardsii varies geographically across the species distribution. For example 
female southern rock lobster reach sexual maturity between 90 and 95 mm carapace 
length in south-eastern South Australia, while in western South Australia, sexual 
maturity occurs between 112 and 114 mm carapace length (J. Prescott, SARDI, pers. 
comm.). In New Zealand SOM has been found to vary in different areas by over 30 mm 
from 72 mm near Gisborne, to 90 mm at Tauroa Point, 107 mm at Stewart Island, and 
121 mm at eastern Foveaux Strait (Annala et al. 1980). Similarly, estimates of SOM in 
Tasmania have shown a marked variation from 112.4 mm in the warmer northern 
population near King Island to 41.3 mm in the colder south-west waters (R. Kennedy 
pers. comm.). 
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Size limits are often set to ensure that lobsters are able to breed at least once prior to 
recruitment imo the fishery (Annala et al., 1980). The legal minimum length (LML) for 
females in Victoria (105 n1m, CL) should ensure reproductive opportunities prior to 
recmitment into the fishery. However, the proportion of eggs produced by the smaller 
length classes cai.l be effected by their lower fecundity and lower proportion mature " Ir.. 
this paper, the relationships between fecundity and size, and SOM are presented. These 
data greatly refine previous estimates of egg production and have implications for 
management of the fishery in Victoria. 

Methods 

Fecundity 
A total of 124 females (97.0 - 164.2 mm CL) carrying eggs were collected from western 
and central Victoria between September 1994 and July 1996 {Fig. 1, Table 1}o Sampling 
was conducted to obtain a wide size range of females. As in previous work (Annala and 
Bycroft 1987), variability due to location was not considered important. As a result, 
most of the smaller females were caught in the Western '.Zone and the larger in the 
Eastern Zone (Table 1), reflecting the length composition of the catch in each zone (see 
Results, Size at Onset of Sexual Maturity). The majority of egg samples were collected 
during July while the eggs were in an early-mid stage of development to ensure minimal 
egg loss. An ice bath was used to pacify the females while the eggs were stripped from 
the pleopods using a sharp scalpel to cut the setae. Females were then placed in tanks to 
recover, and within several weeks were tagged and returned to the fishing grounds. The 
carapace length and weight were recorded at the time of egg removal. Egg samples were 
placed in 98% ethanol and stored away from light. Eggs were prepared for counting first 
by filtering excess liquid and then drying in an oven at 40 °C for at least 24 hours. A 7 
micron sieve was used to remove foreign matter and to separate egg clumps. The total 
dry weight was determined and three 0.04g samples were taken and the number of eggs 
in each was counted twice under a dissecting microscope. Each sample was ranked 
from l to 3 according to the following criteria: 
1. Samples consisting of well separated, whole eggs, 
2. Samples containing small dusters of eggs which could be counted and contained a 

low proportion (less than 20%) of ruptured eggs, 
3. Samples containing large egg clusters which were difficult to count and had a large 

proportion (more than 20%) of ruptured eggs. 
Fecundity (F) was estimated from all samples with rankings 1 and 2 (N = 98) according 
to the following equation 

F = (Total weight/ Sample weight) x Sample count 
The data from all subsample estimates was then fitted using SAS non-linear model 
procedure to the following relationship: 

F = a x (CLl, where CL is the carapace length (mm); and a and b are constants 
(Kensler 1968; Annala et al. 1980; MacDiarmid 1989b). 

42 



Appendix 3 

Table 1: Locations and dates of lobster fecundity samples. (Sampling locations shown in 
:Figure 1). 

·----------"-Date Sampling Location Fishing '.lone Carapace length range N 
.. ,. ____ , __ ------- ------·--· .. (~L_ 

05,'09194 Queenscliff East 117 .9 · 138.7 " I 

28/10/94 Port Fairy West 101.3 · 101.6 2 
IY!/07195 Moonlight Head Vlfest 97.0-123.3 46 
09/07/95 Walkenrme East 110.6 • 164.2 15 
10/07195 San Remo East 104.5 - 159.1 10 
21/08195 Flinders East 115.0 - 139.3 10 
28/08i95 Port CampbeH West 104.7 - 116.9 3 
16/10195 Lorne East 119.l .. 146.2 5 
28/11/95 Portland West 100.0 - 105.1 4 
23/07/96 Flinders East 103.3 • 147.1 n 
26/07/96 San Remo East 120.4 • 127.8 5 
Size at Onset of Sexual Maturity (SOM) 

Data used for SOM analysis was collected by observers aboard Victorian commercial 
rock lobster fishing vessels from January 1994 to October 1996. On these trips 
biological data was collected on the vessel's entire catch with undersize and out-of­
season female lobsters being tagged and returned to the water. Victorian rock lobster 
pots are required to contain escape gaps which are effective in reducing the proportion 
of undersize animals in the catch (Treble et al., submitted) and therefore in order to 
sample undersize lobsters a small number of pots without escape gaps were used under 
permit. The information collected on these trips relevant to this study included carapace 
length (to the nearest 0.1 mm); sex (male or female), sexual condition of females 
(berried - carrying eggs, setae - ovigerous setae present, non-setae - ovigerous setae not 
present). 

The data were divided into the two fishing zones (Fig. 1) and the carapace length into 5 
mm length classes ( eg. 105 mm length class contain animals greater than or equal to 
102.5 mm and less than 107.5 mm). The pecentage of mature females (either berried or 
with ovigerose setae present) in each length class was determined. The percentage 
maturity was then fitted to the following logistic model using SAS non~linear model 
procedure: 

P% = 1/(l + e(-Cx CL-Lso)) 

where P% is the percentage of mature females at the midpoint of the length class; C is 
the parameter controlling the slope of the curve at the inflection point; CL is the 
carapace length (mm); and L5o is the length at which 50% are mature (SOM). 

Relative Reproductive Potential 

Morgan (1972) calculated the relative reproductive potential for Panulirus eygnus in 
Western Australia by combining the fecundity of individuals of different carapace 
lengths with their corresponding relative numbers in the population. fu this paper, 
Morgan's calculation is modified by including the proportion of individuals in the size 
classes above LML which are mature using the following relationship: 

~ = q X Mi X Fi; 
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where ~ is the relative egg production or reproductive potential; Ci is the proportion in 
the commercial catch; M, is the percent mature; and Fi is the fecundity; for each length 
class i above LML. 

Results 
Fecundity 

Fecundity was estimated from replicate counts (N = 571) from the 98 samples with 
ranks 1 and 2 and found to vary non-linearly with carapace length (Fig. 2) according to 
the relationship: 

F = 0.0316 x CL3359 (R2 = 0.8539; N =: 571). 
The maximum number of eggs ranged from 152,450 for a 97 mm female to 682,544 
eggs for a 149. 7 mm female. 

Size at Onset of Sexual Maturity (SOM) 

Eastern Zone 1,430 female lobsters were measured in the Eastern Zone. The length 
frequency distribution of the commercial catch showed that as expected the proportion 
of catch increased substantially at the 105 mm LML for female rock lobster in Victoria 
(Fig. 3). The size distribution of females in the Eastern Zone is quite broad with size 
classes from l 05 - 135 mm CL well represented in samples. 

No ovigerous setae were observed in females smaller than and including the 85 mm size 
class. The smallest female observed with ovigerous setae was 88.9 mm CL. The 
percentage mature increased rapidly between 105 mm and 120 mm with all females 
larger than 145 mm CL containing ovigerous setae and considered mature (Fig.3). The 
fitting of the logistic model to the proportion mature for each 5 mm size class in the 
Eastern Zone data estimated the SOM (50% maturity) at 112.4 mm CL( R2 = 0.998; n = 
23 size classes)(Fig. 3). 

Western Zone In the Western Zone, 2,461 females were measured. The length 
frequency distribution of the Western Zone was distinctly different to that of the Eastern 
Zone, with the highest frequencies occurring in the 105 and 110 mm size classes and 
lobsters larger than 120 mm poorly represented in all samples (Fig. 4). 

The proportion of mature females was observed to increase earlier than in the Eastern 
Zone with the smallest female possessing ovigerous setae being 75.3 mm CL. At the 
LML of 105 mm more than 90% were mature (Fig. 4), with the SOM (50% maturity) 
estimated at 89.7 mm (R2 = 0.995; n = 17 size dasses)(Fig. 4). 

Relative Reproductive Potential 

The relative reproductive potential characteristics were distinctly different for Victoria's 
Eastern and the Western fishing zones. The Eastern Zone relative reproductive potential 
was characterised by significant contributions from larger size classes, while the 
Western Zone's relative reproductive potential came predominantly from the smaller 
size classes above LML. 
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Eastern Zone The size class with the highest relative reproductive potential in the 
Eastem Zone was 135 nun CL (Fig. 5), resulting from the large SOM and hlgb 
proportion of large females in the catch. More than 50% of the female commercial 
catch is equal to or below 115 mm but the relative reproductive potential for these size 
dasses is only 20% (Fig. 5). 
Western :lone The relative reproductive potential in the 'Western Z.one followed the 
commercial catch iength distribution (Fig. 6). The 105 mm length class contains more 
than 45 % of the total commercial catch and approximately 75% of the female catch is 
taken over the two size classes 105 ·· 110 :rnm. More than 60% of the potential egg 
production in this zone comes from the two length classes 105 - 110 nun, with more 
than 37% from the 105 .rnm length class alone. 

Discussion 
Although fecundity relationships for J. edwardsii have varied according to specific 
studies (Table 2), possibly due to factors such as food availability (Melville-Smith et al., 
1995), population density (Chittleborough 1979; Beyers and Goosen 1987; 
MacDiarmid, 1989b ), and water temperature (Annala and Bycroft 1987), no significant 
correlations have been found within studies relating fecundity to locality or any broad­
scale biological or environmental variables (e.g. Annala and Bycroft 1987). 

Table 2: Summary of fecundity studies of J. edwardsii 
Study Fecundity Estimated fecundity Estimation method Sampling area 

Hickman (1946) 

Kensler (1968) 

MacDiarmid (1989b) 

Annala and Bycroft {1987) 
Highest 
Lowest 

The current study 

:relationship at CL 104 rum 
120mm 

Geometric 2g wet subsample Wedge Bay, Tasmania 
Relationship 
F = 0.6921 x CL2·69 184,497 and 271,123 2g wet subsample 

F = 0.169 x CL3·0091 198,309 and 305,036 Bycroft (1986} 

F = 9.2999 x CL2-11 166,378 and 225,023 Bycroft (1986) 
F = O.OOSO X CL3,75 183,166 and 313,256 

F= 0.0316 x CL3359 188,322 and 304,549 Dry subsample 

Chatham Islands, 
New Zealand 

North east New Zealand 

Various sites around 
New Zealand 

Western and central. 
Victoria 

The fecundity estimate for J. edwardsii in Victoria is similar to that by other workers in 
the region (Table 2). Because of this similarity, further refinement of the fecundity 
relationship by fishing zone in Victoria would not seem necessary. The consistency in 
the fecundity relationship suggests that environmental conditions are not important in 
determining the number of eggs produced by a female. Because eggs are adhered to 
setae, fecundity could be determined by the physical limitation of pleopod size. As 
such, individuals from areas with higher growth rates would have larger pleopods 
enabling them to carry a larger number of eggs according to the fecundity relationship. 

Some authors argue that the presence of setae on a female is not an absolute guarantee 
that it will produce eggs that season (Booth 1984; MacDiarmid 1989b) and as a result 
the SOM estimates may provide under-estimates of egg production. SOM may also 
over-estimate egg production because setae may be lost during a late spring /summer 
moult (October to December) and therefore an otherwise mature female may be 
recorded as immature based on the absence of ovigerose setae (Fielder 1964; Annala et 

45 



Appendix 3 

al. 1980; MacDiannid 1989b ). Because smaller females are more likely to moult during 
late spring/summer the SOM could ultimately be biased to a larger length classes. 

This study has provided a preliminary picture of SOM in Victoria's two fishing zones. 
Treble's (1996) SOM estimate of 96.3 mm is consistent with the findings of this paper, 
as it was from ari area near the eastern limit of the w·estern Zone, and falls between the 
zone estimates of this paper (89.7 mrn Western '.Zone, 112.5 mm Eastern Z.One). 
However, as SOM for J. edwardsii has been found to vary geographically (Annala et al. 
1980), estimation of SOM at a finer geographical resolution within each fishing zone 
needs to be investigated in Victoria. 

Egg per recruit analysis has estimated the current Victorian egg production for both 
fishing zones at 6 - 20% of the virgin, unfished stock (Hobday and Smith, 1996), which 
is well below the management target of 25%. The effect of local recruitment resulting 
from Victorian egg production is unknown, but until recruitment processes are defined, 
each of the States in the south-east fishery (South Australia, Victoria and Tasmania) 
should aim to maintain suitable levels of egg production. 

Options for achieving a higher egg production from the Victorian component of the 
fishery include reduction of fishing mortality and increasing the LML. Reducing fishing 
mortality would in time increase the mean size of individuals in the population, 
resulting in higher egg production. Protection of setose females as practiced in Western 
Australia may not be appropriate in Victoria because the long closed female season 
(June to November) which spans the main reproductive period. Increasing the female 
LML from 105 to 110 mm (equivalent to male LML), would increase egg production 
particularly in the Western Zone where the maximum relative reproductive potential 
currently occurs at the present LML. However, this would place the LML 20 mm higher 
thari the SOM which may be over-cautious in the long term. Such an increase in LML 
in the Eastern Zone would have less effect on overall egg production because of the low 
reproductive potential of animals at the current LML and the smaller size of the fishery 
compared with the Western Zone. However, an increase in LML in this Zone is 
necessary given the low percent mature at the current LML. Consideration of the 
introduction of a legal maximum length may be more appropriate in the Eastern Zone 
where the relative reproductive potential for the size classes of 145 mm and greater is 
17% representing only 6% of the catch (Fig 7). However such a strategy may not be 
beneficial owing to likely increased exploitation of the remaining legal sized females 
which if high enough, could prevent sufficient numbers reaching the maximum legal 
size. 
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APPENDIX4 

Objective 2 - "To evaluate methods for estimating the size of 
southern rock lobster popuiations.11 

Evaluation of methods for estimating the size of southern 
rock lobster populations 

R.J Treble 

Extract from Ph.D. Thesis, "The southern rock lobster (Jasus 
edwardsii): Fisheries biology and abundance estimation", 

The University of Melbourne, Victoria, August 1996. 
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Objective 2. To evaluate methods for estirnating the 
size of southern rock lobster populations 

Extract from Ph.D. Thesis, "The southern rock iobster (Jasus edwardsi{): Fisheries biology 
and abundance estimation", 

R.J. Treble, 
The University of Melbourne, Victorla, August 1996. 

General methods 
We concentrated our efforts on a method that seemed well suited to estimate the abundance of 

southern rock lobster {Jasus edwardsii) popuiations, the "change-in-ratio" method. We also 
investigated the Leslie method, which can be used to estimate stock abundance from within-season 
trends in catch and effort data. In addition, underwater visual census by SCUBA divers was used to 
estimate the number of lobsters per unit area (iobster "density"). In addition to estimating abundance, 
we calculated exploitation rates using the change-in-ratio and Leslie methods. Exploitation rate 
estimation was a new aspect of this study that was not included in the original application. We have 
discussed these three methods separately below. 

The change-in.,.ratio method 

Methods 
Because there is a size limit for lobsters (J. edwardsii) caught in Victorian waters, legal-size 

lobsters that are caught are removed from the population, and undersize lobsters are returned to the sea. 
Therefore the ratio of legal-size to undersize lobsters in the population should decrease during a fishing 
season. By measuring this "change in ratio" of legal-size to undersize lobsters, exploitation rate 
(proportion of the stock removed by fishing within a given period) can be estimated, although the 
number of legal-size lobsters that have been removed by fishing during the sample period needs to be 
known to estimate abundance (Paulik and Robson 1969; Seber 1982; Udevitz and Pollock 1992). 

In this project, data on the proportion of the catch that is of legal-size were obtained from 
measuring the sex and carapace length of all lobsters caught during sampling on-board commercial 
fishing vessels operating out of Apollo Bay, Victoria, Australia. Data were collected during 100 days 
of fishing from August 1992 to April 1995. Due to the opportunistic nature of sampling, and because 
fishers tend to move their gear between fishing grounds, data could only be collected for different areas 
at different times of the season. Due to the differences in size-frequency (and thus legal-size to 
undersize ratios) between these areas (see Chapter 6 in Treble 1996), most data were not suitable for 
direct application of the change-in-ratio method to the whole of the Apollo Bay area. However, these 
data were very valuable for determination of the biological characteristics of rock lobsters in the Apollo 
Bay area, such as moult timing patterns, size at onset of maturity of females, and size-frequency 
patterns (see Treble 1996). Sampling on board lobster vessels also meant that tagging, and experiments 
on the size-selectivity of lobster pots with escape-gaps could be achieved (see Treble 1996). 

Not withstanding the lack of suitability of most data collected, data for application of the 
change-in-ratio method were obtained from 32 days of observations on board the FV Lindy during 
normal fishing operations in the 9 and 11 Mile Reef area (Figure 1 ), between November 1994 and April 
1995 (the main annual fishing season). Commercial lobster pots with standard 60-mm escape-gaps 
were used during fishing. 

The cumulative number of legal-size lobsters removed from the 9 and 11 Mile Reef area by each 
day of fishing during the 1994-95 season was determined from observations made on board the Lindy, and 
from interviews made with the skippers of two other vessels fishing in this area. Data on the number of 
lobsters removed were also obtained from the skipper of the Lindy for the few days in the 1994-95 season 
when on-board sampling could not take place. As skippers do not record the sex of the catch, trends in the 
observed sex ratio of the catch from on-board observations (see Figure 10) were used to estimate the 
number of legal-size males and females removed from the 9 and 11 Mile Reef area. 

Abundance and exploitation rates were estimated separately for male and female lobsters. 
Regressions of the proportion of the catch that was of legal-size on each day versus the cumulative 
number of legal-size lobsters removed before that day of fishing, were used to obtain estimates of tI1e 
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proportion of legal-size lobsters in the catch at the start ruid end of the i 994-95 season in the 9 and 11 
Mile Reef area. Separate regressions were done for males and females. Estimates of abundance and 
exploitation of legal-size lobsters were obtained using the initial and final proportions legal-size from 
the regressions, and the total number of !egal-·size lobsters removed between the fust and last day of 
sampling, in the normal two-sample change-in-ratio method equations (e.g., from Paulik and Robson 
1969; Seber 1982). 

Because data were collected separately for each pot, the proportion of the catch that was of 
legal-size on each day of sampling was cakuiareci in two ways, using "pooled" and "average" 
esthnators {Seber 1982). The pooled estimator pools the data over an pots hauif'.,d on each day of 
fishing, to caku1ate the estimate of the, prcportion of catch that is of legal-size on each day. The 
average estimator calculates the proportion of the catch that is of legal-size for each individual pot on a 
day, and then cakulates the mean of these estimates, as the estimate of the proportion !egal--size on a 
day. fo addition to using lobsters of aH sizes in the change-in.ratio :method analyses, an extra analysis 
was done with a truncated data set (after Frusher et al. in prep.), using i11tervals 10 mm above and below 
the legal minimum length for males, and 5 mm above and below the legal minimum length for females, 
to investigate the effect of size-specific dorrunance. 

We used the 'bootstrap' technique (e.g., Efron and Tibshirani 1993) to estimate 90% 
confidence fanits of the estimates of abundance and exploitation rate of legal-size lobsters. 
Bootstrapping was not used for the truncated data analysis (i.e., size categories just above and below 
the legal minimum lengths). A total of 10,000 bootstrap estimates of abundance and exploitation were 
generated by randomly selecting pots, with replacement, from each day's data, and recalculating the 
analysis after each iteration. Confidence limits were obtained by using the bias-corrected percentile 
method outlined in Dixon (1993). 

Results 
Fishing and sampling in the 9 and 11 Mile Reef area on board the FV Lindy was between 18 

November 1994 and 14 April 1995. Most data were collected by mid-February though, as no fishing was 
done in this area between late February and the last two days spent sampling fishing in April. Hence this 
area was fished for about 3 months. During the 32 days of on-board sampling, 2,367 lobsters were 
measured from 1,526 potlifts. Between the first and last days of fishing, more legal-size females 
(1,611) than males (1,326) were removed from the study area. Pots were hauled after 1 day for 23 days 
of fishing, but for some days pots had soak times of2 (n = 5), 3 (n = 3) and 4 days (n = 1). 

Although there was some day to day variation, the proportion of legal-size lobsters in the catch 
decreased during the fishing season, as more and more legal-size lobsters were removed (Figure 2). The 
change in the proportion of the catch that was of legal-size over the period of sampling was higher for 
females than for males (Figure 2). Due to a larger slope, regressions of proportion legal-size versus 
cumulative catch were more precise for females than males (Tables 1 and 2). For legal-size female J. 
edwardsii, estimates of abundance and exploitation rate were remarkably similar when using the pooled 
and average estimators (Table 1). Abundance of legal-size females at the start of the 1994-95 season in the 
9 and 11 Mile Reef area was estimated at about 2,000 lobsters, with estimates of the exploitation rate of 
legal-size females centered at around 0.78 (i.e., 78% of legal-size females were removed by fishing during 
the 1994-95 season) (Table 1). Use of two different estimators resulted in different estimates of abundance 
and exploitation rate for legal-size males, in contrast to the analysis of the female data (Table 2). 
Abundance was estimated as 2,300 legal-size males for the average estimator and about 3,000 for the 
pooled estimator data (Table 2). Exploitation rates for males were around 0.44 for the pooled estimator 
data, and 0.57 when using the average estimator (Table 2). 

Truncating the data set to just above and just below the legal minimum lengths produced similar 
results to the above analyses when all sizes of lobster were used, although the truncated data showed more 
error around the regression line because of the reduced sample size (Figures 2 and 3). Only estimates of 
exploitation rate were calculated from the truncated data set, and apply only to the "post-recruit" size­
dasses. Nonetheless, these estimates of exploitation were similar to those obtained when all sizes of 
lobsters were used in the analysis (Tables l and 2). 

The bootstrap analyses showed that the distributions of the estimates of abundance and 
exploitation are skewed (Figures 4 and 5). Hence the confidence limits surrounding the estimates are 
asymmetrical (Table 3). Confidence limits of abundance and exploitation rate estimates for legal-size 
males are much wider compared to those calculated for females (Table 3). For males, estimates of 
abundance and exploitation calculated were more precise when using the average estimator compared to 
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the pooled estimator, in contrast to the female data where little difference was Sf'~n in precision between 
the twu estimators (Table 3). 

Discussion 

New variation on the change-in-ratio method 

The regression approach used here fa a novel way of using the change-in-ratio meo'loo to estirinate 
abundance and exploitation rates. Usually two samples of the population are obtained before mxi after a 
period of exploitation, using special research surveys (e.g., Frusher et at in prep.). With our method, 
samples were obtained on board CO!Th'lletcial fishing vessels during normal fishing operations. 

As shown here, estimates of abundance and exploitation rate of legal-size lobsters can be 
obtained using the change-in-ratio method, even i.f pots with escape··gaps are used to sample the 
population. Estimation of undersize abundance would need to use pots without escape-gaps, or use 
size-selectivity curves to adjust the data from pots with escape-gaps (as done in Treble 1996). Thus a 
cost effective way of using the change-in-ratio method, may be to use voluntary logbooks filled out by 
fishers, as sampling can take place while fishing is taking place, using normal fishing gear, i.e., pots 
with escape-gaps. This would only work for a fish-down of an area though. 

The on-board sampling in this study showed that the size of lobsters is different between the main 
fishing grounds around Apollo Bay (see Treble 1996). That is, the proportion of legal-size lobsters in the 
catch varies between areas, even at the same time of year. Thus a change in the proportion of legal-size 
lobsters in a fisher's catch will occur simply from the movement of his boat from one fishing ground to 
another. If the change-in-ratio method were applied to data collected from within a study area that was too 
large and comprised different fishing grounds with different size structures ( e.g., the whole of the Apollo 
Bay fishing grounds), significant bias in the method could result simply from changes in the spatial 
patterns of fishing effort within the study area. Thus the change-in-ratio method needs to be applied to 
relatively small areas that are homogeoous with respect to lobsters size, e.g., as done here in the 9 and 11 
Mile Reef area. 

Precision and confidence limits 

Paulik and Robson (1969) and Conner et al. (1986) have shown that larger changes in 
proportion produce more precise estimates of abundance and exploitation from the change-in-ratio 
method. Our study confirms this, as the decrease in the of proportion legal-size lobsters in the catch was 
much higher for females than for males, and the precision of the estimates of abundance and 
exploitation was much higher for females compared to males. Only the female estimates of abundance 
and exploitation rate are of adequate precision for use in monitoring of the stocks of J. edwardsii; the 
male estimates are too imprecise to be useful. 

Although the estimate of exploitation for males was reasonably high, it was not high enough to 
obtain adequate precision from the change-in-ratio method, as the change in proportion legal-size was 
too low. A change in proportion legal-size around 0.10 is considered borderline for use of the change­
in-ratio method, due to its low power at this level (Paulik and Robson 1969). Thus the change-in-ratio 
method should only be used in fisheries where the changes in proportion legal-size are reasonable (e.g., 
about 0.25 as for females in our study). However, this only occurs in fisheries with very high 
exploitation rates, i.e., where a large amount of the available stock is removed by fishing. It is obvious 
that improvements to the precision of the change-in-ratio method are needed. 

Frusher et al. (in prep.) stated that in Tasmania, two samples of 100 podifts (before and after 
the fishery) were sufficient to estimate exploitation rates of J. edwardsii in a small area with adequate 
precision using the change-in-ratio method. In our study, over 1,500 potlifts were sampled, much more 
than Frusher et al. (in prep.) recommended. Nonetheless, only the female estimates of exploitation and 
abundance from our study are of adequate precision. Less sampling effort was needed in the Tasmanian 
surveys, because the changes in proportion legal-size and catch rates were much higher than observed at 
Apollo Bay. Hence the actual amount of effort (number of podifts) required to use the change-in-ratio 
method with required precision on the southern rock lobster populations will be area-specific, as it will 
depend on the catch rate and the magnitude of the change in proportion legal-size. 
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The skewed bootstrap distributions of the estimates of abundance and exploitation rate 
presented here are actually a characteristic of ilie change-in-ratio method, as seen by Frusher et aL (in 
prep.) and Chen et al. (in prep.). Confidence lirmt'> for estimates of abundance or exploitation rate 
obtained from the change-.in--ratio method have been assumed to be symmetrical (e.g., Paulik and 
Robson 1969; Seber 1982}. However, our study, in addition to Udevitz {1989) (in Udevitz and Pollock 
1992) and Frusher et at (in prep.), has shown that such symmetrical co11fidence hrnits are nc-t valid, as 
the distributions of abundance and exploitation are ske,ir,'ed (i.e., a.c;ymrnetrica!). Our study shows that 
asymmetrical confidence fonits should be calculated, e.g., using bootstrapping. 

For fomiJe J. edwardsii, there were no differences in precision vvhen osing different esti."Il2.torn of 
proportion !egal-size (i.e., pooled versus aw,rage). However, a large increase in t.~,e precision of the 
change-in-ratio method was obsen1ed for males when the average estimator was used, compared to when 
the pooled estimator was used. H&"t and Gorfine (1996) also found that the average estirnator resulted in 
higher precision than the pooled estimator when using the change-in-ratio method on abalone (Halioti,, 
rubra) in Victoria. It is worth noting that for females the difference in the change in proportion legal-size 
between pooled and average estimators was only about 0.004, but for males the change in i:--oportion legal­
size was higher for the average estimator (0.140) than for the pooled estimator (0.097). It is because of 
these differences in the change in proportion legal•size that both the estimates, and the precision of the 
estimates. are different between the two estitr.ators for male lobsters. The change-in-ratio method is very 
sensitive to bias when the change in proportion legal-size is around 0.10 (Paulik and Robson 1969), hence 
it could be due to this phenomenon that the male data are sensitive to which estimator is wed. More 
comparisons of the pooled and average estimators are needed to resolve the question of whether there is an 
advantage in using the average estimator over the pooled estimator with the change-in-ratio method. 

Effect of using narrow size categories with the change·in·ratio method 

Anon. (1958) and Winstanley (1977) stated that larger lobsters may exclude smaller lobsters from 
entering pots because of size-related dominance hierarchies (Fielder 1965a). If this hypothesis is correct, 
then as legal-size lobsters are removed from an area, the catchability of undersize lobsters relative to legal­
size lobsters should increase. This would mean that the ratio of legal-size to undersize lobsters caught in 
pots would decrease at a greater rate over a period of exploitation than in the actual population, causing the 
change-in-ratio method to underestimate abundance and overestimate exploitation. However, it seems that 
there was little bias from size-related dominance in our data, as using a narrow range of sizes above and 
below legal-size did not make a great difference to the exploitation rates obtained from the change-in-ratio 
method analyses. It may have been that the number of lobsters caught in pots was so low (see Treble 
1996) that interactions between lobsters inside and outside the pot were too infrequent for dominance or 
catchability effects to appear. Hence there seems to be little reason to lower the power of the change-in­
ratio method analysis by truncating the data set. This result also means that the change-in-ratio method is 
well suited to a voluntary logbook program, because only classification of lobsters as male or female, 
and legal-size or undersize, need be recorded. 

Previous estimates of abundance of Jasus edwardsii 

Apart from our study, abundance of J. edwardsii has only been estimated using the change-in­
ratio method in New Zealand (Paul Breen, National Institute for Water and Atmospheric Research, P.O. 
Box 14-901, Kilbimie, Wellington, 6003, New Zealand, personal communication). Frusher et al (in prep.) 
have used the change-in-ratio method on J. edwardsii in Tasmania, but only to estimate exploitation rates, 
not abundance, as total removals of legal-size lobsters that are need to estimate abundance were not 
monitored in their study. Estimates of absolute abundance or density of J. edwardsii populations have 
been obtained using SCUBA surveys or using the Leslie method (e.g., MacDiarmid and Breen 1993; see 
below in this report). However, SCUBA surveys are only useful in shallow water (less than 30 m), and 
estimates of absolute abundance obtained using the Leslie method are probably biased (Treble 1996), most 
likely due to changes in catchability within a fishing season (Miller and Mohn 1993). 

From SCUBA surveys conducted in shallow lobster habitat in the Apollo Bay area, the mean 
density of legal-size lobsters (males and females pooled) was estimated as 0.0074 lobsters m·2 (see below). 
The density of legal-size lobsters (males and females combined) calculated from the change-in-ratio 
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rnemod analysis is approximately 0.0008 lobsters m-2, assuming a 6.3 km2 area was sampled (Figure 1). 
Thus the SCUBA survey and change-in-ratio method estimates of legal-size J. ed:wardsii density are 
markedly different Because the methods were applied in different axeru., these differetK",es could be reat 
The different estimates could also be due to bias in either one or both :rnethods. It is possible that the 
SCUBA survey estimates are ffverestiirl2!tes cf lobster density on the scale of t.>ie change-in-ratio method 
sampiing, if the SCUBA surveys targeted lobster habitat within areas the size of tile 9 and ! 1 Mile Reef 
area. Conversely, it is post.ib!e that the change-in--ratio w,ethod presented here underestimates ai:mnda.>1ce 
(and overestin,ates exploitation). If there was a component of the population of J. ea\va:rdsii !:hat remained 
i.m-catchable by traps during the change-in-ratio method survey, this would result in such a bias, 
Alternatively, an increase in catchability of undersize compared to legal--size lobsters over !:he period of tb.e 
change-in-ratio method survey would have produced such a bias. 

Previous estimates of the exploitation ;ate of Jasus edwardsii 

Although most of the change-in-ratio method survey was over a three month period (i.e., mainly 
from mid-November to late-February), the exploitation rates obtained are that expected on an annual basis, 
because the 9 and 11 Mile Reef area is seldom fished outside this time of the year. We found, in contrast 
to Winstanley et al. (1982), that exploitation rates were higher for females than for males. This may be 
because more legal-size females than males were removed by fishing from the study area However, the 
estimate of exploitation for male J. edwardsii calculated here may be lower than the female estimate 
because of a higher rate of moulting of unders:ize males to legal-size during the sampling period (see 
below). 

Powell (1977) stated that exploitation rates in tile Victorian southern rock lobster fishery were 
between 0.26 and 0.39. Winstanley et al. (1982), using tagging data and an assumed rate of natural 
mortality of 0.2 yf1, calculated exploitation rates of 0.5 for males and 0.4 for females for fishing grounds 
less than 45 m deep off Portland, Victoria. Our estimates of exploitation rate for J. edwardsii in Victoria 
using the change-in-ratio method are somewhat higher than the above estimates, but this is not unexpected 
as fishing effort and fishing power are probably higher now than during these earlier studies (Hobday and 
Smith 1996; Treble 1996). Hobday and Smith (1996) calculated annual rates of exploitation of between 
0.33 and 0.45 for the J. edwardsii fishery across the whole of Victoria, i.e., also lower than the change-in­
ratio method estimates presented here. 

Similar estimates of exploitation to those presented here have been reported in other J. edwardsii 
fisheries in southern Australia and New Zealand. Frusher et al. (in prep.) estimated exploitation rates over 
a similar period (November to March) to our study, and reported exploitation rates of J. edwardsii just 
above legal-size of between 0.41 to 0,90 for males and 0.43 to 0.86 for females, using both the change-in­
ratio and index-removal methods. Recent analyses have estimated exploitation rates in the Southern Zone 
of South Australia of between 0.3 and 0.4, and lower values for the Northern Zone (Richard McGarvey, 
SARDI Aquatic Sciences, P.O. Box 120, Henly Beach, South Australia, 5022, Australia, personal 
communication). Breen and Kendrick (1995) estimated exploitation as between 050 and 0.96 for legal.­
size males and between 0.09 and 0.81 for legal-size females (modified from their Z estimates using M = 
0.1), although the estimates of total mortality for J. edwardsii were quite variable between regions and 
years. Using the change-in-ratio method, exploitation rates were estimated as between 0.55 and 0.83 for 
legal-size J. edwardsii in the Gisbome area of New Zealand (Paul Breen, National Institute for Water and 
Atmospheric Research., P.O. Box 14-901, Kilbirnie, Wellington, 6003, New :lealand, personal 
communication). 

Bias from moulting to legal-size (recruitment) during change-in-ratio sampling 

Using observations on carapace softness and fouling, a significant number of lobsters just 
above legal-size were classified as recently moulted in the 9 and 11 Mile Reef area during the 1994-95 
fishing season, suggesting that there was some growth of 1.mdersize lobsters to legal-size during 
sampling (Figures 6 and 7). Tagging of undersize lobsters also showed that there was a lot of 
recruitment through growth of males from pre-recruit carapace length-classes to legal-size during the 
1994-95 season in the study area, although for females little such recruitment occurred (Table 4). Such 
recruitment to legal-size would result in overestimates of abundance and underestimates of exploitation. 
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Thus these data suggest that exploitation rates of males are underestimated corr.pared to females, and 
abundam::e of males is overestimated compared to females, If we consider that the estimates of 
abundance for legal-size males are overestimates compared to foml"Je estimates because of recruitment, 
this brings the estimated sex ratio of legal-size J. edwanisii is closer to 1: 1, which could be more 
realistic. Fnmher et at {in prep.) also found significant moulting to legal-size by male J. edward::ii in 
Tasmanian waters during their change-in-ratio meili.od surveys, resulting in underestimates of 
exploitation ofbet.ween 6 and 15% for males. 

Adjustment to the change-in-ratio method to account for moulting to legal-size can be done 
using tagging daw. ( e.g., a.,;, in Fmsher et al., in prep.). Due to the reiatively low mi.n1ber of recaptures of 
tagged lobsters during the 1994-95 season (see Table 4), we did not attempt to adjust the change-in-­
ratio method for recruitment using the tagging data. 

Detailed data on moult state (carapace softness and carapace fouli.ng by polychaetes) of J. 
edwar-dsii were collected during on board sampling (Figures 6 an<l 7). However, because of: (1) the 
subjective nature of the carapace condition data, (2) the unavoidabiy arbitrary way of classifying 
lobsters as recently moulted, and (3) possible size-specific variation in the time taken to reach full 
carapace hardness after ecdysis (see Treble 1996), quantitative use of this infon:nation to calculate 
moulting probabilities and adjust the change-in-ratio method has not been attempted here. 

Influence of fishing patterns and depth on change-in-ratio method estimates 

The skipper of the Lindy stated that although we were fishing in the one general area for about 
3 months, small sub-areas in the 9 and 11 Mile Reef area were fished only about 3 or 4 times. Thus the 
data shown here do not represent a perfect progressive 'fish-down' of the whole study site. Some of the 
error associated with the proportion legal-size versus cumulative catch regressions is probably 
associated with nmHandom pot placements, and this cyclic pattern of exploitation. In addition, the 
depth of substrate in the 9 and 11 Mile Reef area is not the same, and in deeper areas the proportion of 
lobsters that were of legal-size is higher (Figure 8). Fishing was not at random with respect to depth during 
the change-in-ratio survey (Figure 9). Such noiwandom placement of pots with respect to depth probably 
explains some of the error in the data, which in tum would tend to lower ili.e precision of the change-in­
ratio method estimates presented here. There was a slight trend toward shallow ground toward the end of 
sampling (Figure 9), but the slope of a linear regression of mean depth versus day of fishing was not 
significantly different from zero (n = 32, slope = -0.040, R2 = 0.012, p = 0.396). Hence it is unlikely that 
the estimates of abundance or exploitation rates are biased to any great extent from this factor. In addition, 
analyses within depth strata (not shown) showed similar declines in proportion legal-size through the 
season as when depths were not pooled. The use of fixed, randomly-selected stations for change-in-ratio 
method surveys might increase the precision of the change-in-ratio method (Chen et al. 1995). However, 
this would not be possible if comn1ercial catch sampling or voluntary logbook data were being used, since 
fixed pot placements are not a feature of normal lobster fishing practice. 

Other possible sources of bias 

Tagging showed that little movement of lobsters (J. edwardsii) occurs in the Apollo Bay area, 
and that little immigration into or emigration out of the study area occurred during sampling (see Chapter 5 
in Treble 1996). Thus movement patterns of J. edwardsii should not have biased the results obtained. 
Soak times were mostly 1 day, but on some days pots had been hauled after longer periods (see Results). 
Soak time probably altered the proportions legal-size, but excluding pots with soak times longer than l day 
did not affect the estimates as the longer soak time samples were reasonably evenly spread through the 
season. Nevertheless, inclusion of the longer soak time data could have decreased the precision of the 
estimates. 

Changes in the relative catchability of undersize and legal-size lobsters during the course of the 
survey would bias the change-in-ratio method. Anon. (1958) and Winstanley (1977) stated that larger 
lobsters (J. edwardsil) sometimes prevent smaller lobsters from entering traps. Removal of larger, 
dominant legal-size lobsters by fishing could increase the rate of entry of undersize lobsters into pots 
toward the end of the season (e.g., Miller 1979, 1990; Addison 1995), thus altering the catchabiiity of 
undersize lobsters relative to legal-size lobsters. This change in relative catchability would result in 
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underestimation of abundance using the change-in-ratio method. However, due to the low catch rates of 
lobsters in the change-in-ratio method survey, interactions between lobsters inside and outside of the 
pot are probably low and sud, affects unlikely to be present. Nevertheless, CPUE of i.mdersize lobsters 
did increase during sampling in the 9 and 11 P,Aile Reef area in 1994-95 (see Figure 13), suggesting an 
increase in the absolute catchability of 1.mdersize lobsters. However, these data do not suggest a change 
in the relative catchability of legal-size versus undersize lobsters, i.e., the catchabiHty of legal-size 
lobsters in t.i}e 9 and 11 :tvlile Reef area could have increased at the sa.q;e time as this increase in 
undernize catchability. Neverthetess, such a change in relative catchability of iegal--size versus 
umiersize lobsters w-as not tested in our analy;is, and is an area that shouki be investigated, possibly by 
using more iri"iense tagging of legal-size lobsters than were conducted at Apollo Bay. 

The Leslie method 

Methods 
In a situation where animals are being removed by exploitation, and there is no recruitment to 

the stock, Leslie and Davis (1939) showed that under certain assumptions, there wm he a Ii.near 
relationship between catch per unit effort (CPUE) and the cumulative catch (animals removed). Thus if 
catch and effort can he measured during a period of fishing, absolute abundance and exploitation rates 
can he obtained from a regression of CPUE versus cumulative catch (Seber 1982). 

One set of data used in the Leslie method, was from on-board sampling in the 9 and 11 Mile 
Reef area in the 1994-95 main fishing season (i.e., the data used in the change-in-ratio method analysis 
described above). This Leslie analysis used CPUE of legal-size lobsters (number per potlift) instead of 
the proportion of the catch that was of legal-size. Data on the number of legal-size lobsters removed 
before each day of fishing in the 9 and 11 Mile Reef area in this period were those used for the change­
in-ratio method. 

Archived catch and effort data from commercial fisher's compulsory logbooks for the Apollo 
Bay area were also used in the Leslie method. The commercial logbook data were made available in 
the form of monthly summaries of the number of legal-size lobsters landed and fishing effort (potlifts), 
for 16 seasons from 1978-79 to 1993-94, in depth range and statistical area categories in the Apollo 
Bay area. 

For the on-board sampling data from the 9 and 11 Mile Reef area, abundance and exploitation 
rates were estimated separately for males and females. Regressions of mean daily CPUE (legal-size 
lobsters per podift) on each day of sampling (n = 32 days) versus the cumulative number of legal-size 
lobsters removed before that day of sampling were done. Estimates of abundance of legal-size lobsters 
at the start of the season were calculated from the "x-intercepts" of the regressions. Exploitation rates 
were calculated by dividing the total catch in the season by the estimate of abundance. Because the 
data from the on-board sampling were recorded on a "per pot" basis (i.e., independent sampling units), 
bootstrapping was used to calculate the confidence limits of the estimates of abundance and exploitation 
rate obtained (as done for the change-in-ratio method analysis). 

For the commercial logbook Leslie analysis, data were pooled over all statistical areas and 
depth categories. Thus estimates of abundance and exploitation were for the whole of the Apollo Bay 
area. Fishers do not record the sex of lobsters retained in their logbooks, so the estimates of abundance 
and exploitation obtained from the Leslie analyses of the commercial logbook data are for males and 
females combined. For the commercial logbook data, mean CPUE of legal-size lobsters for each month 
from November to March for each season were regressed on cumulative catch at the mid point of the 
month. Commercial logbook data after March were not used, because data on the sex ratio of the 
commercial catch (Figure 10) show that a significant drop in catchability is observed for females above 
the legal minimum length at this time, probably because of the onset of the moulting and reproductive 
season for mature females. We felt that exclusion of this data, and restriction to a shorter period would 
increase the accuracy of the Leslie method as applied to the logbook data. In addition, females are not 
landed after June l (closed season), so the female component of the catch that is returned to the sea is 
not recorded in commercial logbooks. Hence June, July and August data were not used in the Leslie 
analyses. 

On-board observations showed that some mature females were still in berry at the start of the 
season in November and are still caught at low levels in December and January (Figure 11; see also 
Chapter 4 in Treble 1996). Thus the logbook data for the first few months of the season were adjusted 
to take into account the proportion of the legal-size catch that was in berry and returned to the sea (i.e., 
not recorded in logbooks). 
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Bootstrapping (the best way of cakulating confidence limits) ccn.dd not be used to estimate 
confidence limits from the Leslie analyses of the comc'11ercial logbook data because of the lack of 
independent repl.icates. 

Results 

On-board sampiing = 9 and 11 Mile Reef area data 

For both sexes, CPUE of legai-size J. edwardsii varlt>.,d markedly on a day to day basis (Figure 
12). CPlJE of Jegal--size females decreased over the period of sampling, but CPlJE of legal-size males 
showed a much smaller decline during the 1994-95 fishing season (Figure 12). The CPUE of undernize 
lobsters showed marked day to day variation (mostly due to low sample sizes), but actually increased 
over the sampling period (Figure 13). 

There was little overlap in the distributions of abundance obtained from the Leslie and change-· 
in-ratio methods for the 9 and I 1 Mile Reef area from the 1994-95 season (Figures 14 and 15). That is, 
the Leslie and change-in-ratio method produced quite different estimates of abundance and exploitation 
from the same data set. The Leslie estimates of abundance are much larger than those calculated using 
the change-in-ratio method, especially for males (Figmes 14 and 15; Table 5). Leslie estimates of 
abundance and exploitation of legal--si:re J. edwardsii are skewed, markedly so for males (Figures 14 
and 15). The 90% confidence limits of the estimates of abundance obtained using the Leslie method 
are much wider than those produced by the change-in-ratio method, the estimates for males being 
ridiculously wide (Table 5). In fact the lower 90% confidence limits for abundance and exploitation 
obtained for males using the Leslie method are negative (Table 5)! The confidence limits for the 
exploitation rate estimates are actuaHy wider from use of the change-in-ratio method (Table 5). 
However, this is probably because the sometimes excessively high estimates of abundance using the 
Leslie method result in low estimate of exploitation rate, which are not as variable on an absolute scale. 

Commercial logbook data 

For each year's data, except 1986-87, there was an overall decrease in the CPUE of legal-size 
J. edwardsii (adjusted for unreported catches of legal-size berried females) though the November to 
March period (Figure 16). However, in some seasons the relationship between CPUE and cumulative 
catch was sometimes far from linear, with CPUE sometimes higher than in the previous month (Figure 
16). This suggests that either the population was not dosed, or that the catchability of legal-size 
lobsters was not constant, violating assumptions of the Leslie method. Estimates of abundance and 
exploitation rate for legal-size J. edwardsii obtained from the Leslie analyses showed marked 
variability from year to year (Figure 17). In fact, CPUE increased from November 1986 to March 
1987, which resulted in a negative estimate of abundance and exploitation rate for the 1986-87 season -
an impossible result! 

Discussion 

Leslie analyses of the commercial logbook data 

AH lobster populations fluctuate in abundance from year to year (Cobb and Wang 1985), e.g., 
because of recruitment fluctuations (Chittleborough and Phillips 1975; Pringle 1986; Addison et al. 
1995; Polovina et al.. 1995). However, the amount of year to year variation in the estimates of 
abundance obtained from the Leslie analyses of the commercial logbook data are probably too high to 
be accounted for by natural variation in recruitment The negative result obtained for the 1986-87 
season definitely shows that the Leslie method is producing inaccurate results. 
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Leslie analysis of the 9 and 11 Mile Reef area data 

The markedly :ilkewf',,d sex ratio for legal-size lobsters obrah.,ed using the Leslie method (Le., 7 
mrues to 1 female - see Table 5) for the 9 and 1 l Mile Reef area. also suggests this method is biased, 
because the sex ratio of lobsters is probably dorer to unity (Fielder and Olsen 1967; Cobb and Wang 
1985). 

The estimate of exploitation rnte of 0.07 for legal-size mrue southern. rock lobsters in the 9 rui.d 
11 Mile Reef area over 3 months is much lower tfom an other estimatef! of expioitation in the fishery 
(see above), probably because of a :ievere overestimation of abi.mcfance from the Leslie method for 
males, This also suggests that the method is biased. 

The confidence limits of the estimates of ab.:mdance obtained from the .Leslie method are much 
wider than those produced by the change-in-ratio method, and inc!ude negative values. This further 
reduces the attractiveness of using the Leslie method to estimate abundance of J. edwardsii .. the 
estimates are too imprecise to be usefol for serious stock assessment, especially for males. 

Factors that may have biased the Leslie method 

Even for a smrul homogenous area (i.e., the 9 and 11 Mile Reef area), the Leslie method did 
not work well at all. Thus the Leslie method seems to be biased by factors irrespective of the spatial 
scale that tlie data are collected on, and collection or analysis of data on smaller spatial scales did not 
seem to improve the accuracy of the method. 

Tagging has shown that J. edwardsii in the Apollo Bay area move little (Treble 1996), so 
changes in the actual abundance of J. edwardsii on particular fishing grounds because of immigration or 
emigration of lobsters cannot explain why the method seems biased. 

The Leslie method as applied here assumes that the catchabiiity of lobsters is constant through 
a fishing season (e.g., Braaten 1969; Miller and Mohn 1993). Slight variations in catchability though 
time (i.e., through a season) can result in large errors in the estimates of abundance and exploitation 
when using this method (Miller and Mohn 1993). Miller and Mohn (1993) stated that the Leslie 
method has never been shown to produce valid estimates of abundance for crustacean fisheries, because 
the assumption of constant catchability can rarely be met in comrnercial trap~based lobster and crab 
fisheries (Morgan 1980; Miller 1990). 

Changes in the catchability of lobsters in pots may be present because of changes in lobster 
behaviour and feeding rates associated with moulting or reproduction, octopus predation and the 
presence of dead lobsters in the pot, water temperature and salinity, soak time, weather patterns such as 
sea swell height and wind strength, tidal flow rates, water turbidity, lunar cycles, and the amount, type 
and freshness of bait (McLeese and Wilder 1958; Fielder 1965b; Heydorn 1969; Chittleborough 1970; 
Morgan 1974b; Zoutendyk 1988; Miller 1990; Addison et at 1995). Violation of this constant 
catchability assumption is probably the main reason why the Leslie method was inaccurate when 
applied to the data from Apollo Bay, possibly due to any of these factors. 

If catchabi!ity was constant, CPUE of undersize J. edwardsii should show no trend with time, 
or a slight decrease over time if discard mortality was present However, the CPUE of undersize 
lobsters increased during sampling in the 9 and 11 Mile Reef area, suggesting that the CPUE of legal­
size lobsters also increased over this period. Such an increase in catchability of legal-size J. edwardsii 
over the main period of sampling probably explains why the Leslie method overestimates abundance 
and underestimates exploitation rate compared to the change-in-ratio method, because the change-in­
ratio method only assumes constant relative catchabiiity between undersize and legal-size lobsters. 

The Leslie method assumes the population is closed during the fishing period. However, there 
is significant recruitment of male J. edwardsii to legal-size during the main summer fishing season in 
the Apollo Bay area because of moulting of undersize males (see Figure 6; Table 4; Treble 1996). This 
would tend to maintain the CPUE of males at higher levels than expected if the population was dosed. 
Thus like the change-in-ratio method, recruitment into the male stock of legal-size lobsters, may have 
biased the Leslie estimates of abundance and exploitation obtained for males. This would explain why 
male abundance was overestimated compared to females when using the Leslie method on the 9 and 11 
Mile Reef area data, and why the Leslie estimate of exploitation for males was low. 
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Application of the Leslie method to ,Jasus edwardsii populations in other areas 

The Leslie method may not always yield different resu!ts to ilie change-in-ratio metl1od, when 
applied to stocks of iHJuthem rock lobster (J. edwardsii). The removal method mres CPUE data in a 
technique analogous to the Leslie method, and in contrast to our findings, the removal and cbange-in­
rntio met.'lods yield similar esti.rnates of exploitation when eppHed h, Tasmania (Frusher et ai., in prep.). 
Lobster densities in southern Tasmania are much higher than that seen at ApoHo Bay, which is why 
CPUE methods ~mch as the removal. method s!",ems to be 1.mbiased iii Tasrrmnia (Stuart Frusher, 
Department of Primary Industries and Fisheries, G.P.O. Box 192B, Hobart, Tasmania, 7001, Australia, 
personal communication). Thus Frusher et at' s data suggest that the Lesiie method may work better in 
areas where J. edwa,dsii occurs in high densities. 

SCUBA surveys 

Methods 
Underwater visual census has been used extensively to estimate the density of Jasus edwardsii 

in New Zealand (e.g., MacDiarmid 1991; MacDiamud and Breen 1993). We used SCUBA surveys 
similar to those used in New Zealand to estimate the density of J. edwardsii in the Apollo Bay area of 
the Victorian southern rock lobster fishery. Surveys were conducted by Mr. Daryl Joiner and Ms. Dora 
Nova_\;: (Faculty of Resource Science and Management, Southern Cross University, Lismore, New South 
Wales, 2480, Australia) between December 1994 and February 1995. 

Six sites were chosen on the coast around Apollo Bay for the SCUBA surveys: Little Henty 
Reef, the "Rifle Butts", Blanket Bay, "Mushroom" Reef, "Ryan's Den", and the "Football Ground" 
(Figure 18). Lobsters (J. edwardsii) above approximately 25 mm carapace length (smallest lobster 
observed) were counted within quadrats placed haphazardly in reef habitat. Only shallow habitat near 
the shore was surveyed. 

Two quadrat sizes were used: 10 x 10 m and 20 x 20 m. The 10 x 10 m quadrat was used most 
of the time. The 20 x 20 m quadrat was difficult to deploy in the field, and only used twice. However, 
when the 20 x 20 m quadrat was used, the numbers of lobsters in each 10 x 10 m quarter of the quadrat 
were noted separately. A 30 m long by 4 m wide belt transect was used on a few occasions as well. 

During the initial SCUBA surveys, it became obvious that the number of lobsters observed 
within a quadrat was dependent on the amount of suitable habitat in that quadrat, i.e., the amount of 
crevice and macroalgal cover. During later surveys, a subjective index of the amount of lobster crevice 
in each quadrat was noted. This index was recorded as four levels, from 1 = no crevice or unsuitable 
crevice, to 4 = abundant suitable crevice. The percentage cover of the dominant macroalgal groups 
(Phyllospora comosa, Durvillea potatorum, Ecklonia radiata), of "other" macroalgal species, and of 
bare rock or sand, and the type of rock and whether it was made up of ledges or boulders (or neither), 
were recorded for each quadrat during later dives as well. Quantitative habitat data were collected for 
only three sites {Little Henty Reef, Rifle Butts, and Ryan's Den), because of its late introduction into 
the SCUBA survey program. 

Where possible, the sex and carapace length of lobsters seen within quadrats were recorded. 
Carapace length was usually estimated visually (e.g., as in MacDiarmid 1991 or Andrew and 
MacDiarmid 1991), although only to the nearest 10 mm. Sometimes the lobster was caught by hand 
and its carapace length measured accurately using vernier calipers. However, the divers could not 
estimate the size of every lobster, because some were too far inside crevices to see clearly, and lobsters 
were captured only occasionally because we wanted to minimise disturbance to lobsters in the survey 
areas. Some lobsters were only classified as undersize or legal-size. 
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Results 

Lobster density by sits 

0Yer 16 days of diving, 132 "quadrats" were surveyed, "Quadrats" include the belt transects 
(n "" 13), and the comers oft.he 20 x 20 m quadrat (n "" 2) counted as replicat~ 10 x 10 m quadrats, 
Depths of the quadrats ranged from 2 to 9 m (mean depth = 4.8 m). The density of J. edwardsii was 
variable, ranging from Oto 11 lobsters per 100 m2 quadrat (Figure 19). The data were highly skewed 
toward low lobster densities, because divers saw no lobsters in quadrats most frequently (Figure 19). 
There were significant differences in lobster density between sites (Welch l',NOVA robust ao unequal 
variances, W = 2.87, df = 40.45, p < 0.025) (Figure 20). Mushroom Reef and the Football Ground nave 
higher densities of lobsters than the other four sites (Figure 20). 

Habitat and lobster density 

There was a positive association between lobster density and both the crevice index and the 
percentage cover of Phyllospora comosa (cray weed), i.e., lobster densities were higher if there was 
more suitable crevice or a higher percentage of P. comosa. There was also a negative association 
between lobster density and the percentage cover of Durvillea potatorum (bull kelp) (Figure 21). 

Lobster size data 

Using either estimated size, actual size or undersize/Iegal-size classification, about 173 
undersize and 99 legal-size lobsters were seen during the SCUBA surveys (proportion undersize == 
0.636; proportion legal-size= 0.364). The mean lobster density from all sites pooled is 0.020 lobsters 
m-2• Thus the estimate of density for legal-size lobsters from the SCUBA surveys is 0.364 x 0.020 = 
0.0074 lobsters m-2• 

Discussion 

Habitat and density 

The quantitative habitat data collected suggest that the amount of habitat has a large influence 
on the density of J. edwardsii within a site. Edmunds (1995) ruso found that J. edwardsii greater than 
60 mm carapace length tended to be confined to areas of reef that had a relatively abundant crevice. 
Conversely, MacDiarmid and Breen (1993) concluded that lobster densities were low at Poor Knights 
Island in New Zealand compared to adjacent areas because of the paucity of suitable habitat for juvenile 
lobsters. 

Within a site, lobster density is variable and depends on the amount of crevice habitat, so 
stratification by the amount of suitable habitat (e.g., by crevice index) could be used to increase the 
power and thus efficiency of the SCUBA surveys used here. More effort should be expended in areas 
where high lobster variance is expected, i.e., relatively high density areas. 

Differences in density between sites 

The sites surveyed in the Apollo Bay area differed in lobster (J. edwardsii) density. 
Differences in J. edwardsii density have also been observed between localities in New Zealand and 
Tasmania (MacDiarmid and Breen 1993; Edmunds 1995). There are two obvious explanations for the 
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differences observed at Apolio Bay. They are, that fishing effort differed between sites, and that the 
a.mount of suitable lobster habitat varied between sites. Qualitative descriptions of substrate and habitat 
obtained from Daryl and Dorn showed that the type and amount of habitat differed between sites. The 
avaifable evidence from diving surveys in New :l.ea!and and Tasmania suggests that fishing pressure 
does modify lobster density. For example, MacDiarmid and Breen (1993) observed that cessation of 
fishing has resulted in a large increase in fohster density an<l biomass in the Leigh Marine Reserve. 
Differences in lobster density ootvveen sites at Apollo Bay are probably because of differences in the 
amount of habitat at each site, perhaps moderated by the &m01.mt of fishing effort at each site. 

TI,e percentage cover of A comosa, and perhaps the percentage cover of D. potatorum ,ivere 
also important d,etenninants of lobster density. P. comosa is known colloquially as "cray weed", 
because fishers and SCUBA divers have long observed its association with the presence of lobsters on 
an area. Thus it is not suprising to find a correlation between the percentage cover of P. cmnosa and 
lobster density. P. cmri.,osa may give J. edwardsii extra amounts of shelter. The slight negative 
association between D. potatorum ("bull kelp") and lobsters may be because they dislike physical 
contact with heavy kelp fronds during the strong sweH induced surges and tidal currents that are 
characteristic of the Apollo Bay coast 

Possible bias in lobster densities using the SCUBA survey technique 

Even though the quadrats were placed haphazardly, they were placed within areas where 
lobster habitat was relatively abundant. Thus the densities presented here are probably only for rocky 
areas, so if extrapolated to larger spatial scales, densities of J. edwardsii would be much lower than 
those presented here. This apparent, unintentional targeting of reef habitat may explain why the density 
of legal-size lobsters calculated using SCUBA was much higher than the density of legal-size lobsters 
calculated using the change-in-ratio method {see above in change-in-ratio method section). 

On a small scale, estimates of lobster density obtained from the SCUBA surveys presented 
here are probably underestimates, because it is unlikely that 100% efficiency was achieved in observing 
lobsters in crevices, especially at sites with large amounts of deep, interconnected crevice habitat, and 
because small J. edwardsii ( < 30 mm carapace length) were probably not seen by the divers. 

General discussion 
The estimates of exploitation and abundance for males using the change-in-ratio method were 

of low precision, in contrast to the female estimates, which were probably precise enough for stock 
assessment. Low precision for males was mainly because of the smaller decrease in the proportion of 
legal-size in the population during the fishing season (i.e., a smaller "effect size"). Modelling of the 
change-in-ratio method data using auxiliary variables (e.g., depth) that may affect the sizes of J. 
edwardsii in pots could be used to increase the precision of the estimates presented here. The change­
in-ratio method is more efficient in fisheries where a large proportion of the stock is taken out in a short 
time, because in such cases the "dosed population" assumptions of the method are less likely to be 
violated, and the precision of the method is highest However, a high exploitation fishery is often 
contrary to management objectives. Hence reductions in exploitation rate through management changes 
may make the change-in-ratio method less precise and not as useful. 

We have shown that use of lobster CPUE data in the Leslie method is not a very good way of 
estimating abundance and exploitation rates of J. edwardsii populations, probably because of changes 
in catchability during a season. The change-in-ratio method does not suffer from !:he same bias, 
because it only assumes !:hat the relative catchability of legal-size and undersize lobsters is constant 
over time. It may still be that the change-in-ratio method is biased (see below). There is probably 
scope for using the existing extensive CPUE data sets with biological and environmental data to 
understand the causes of changes in catchability of J. edwardsii. Mean annual CPUE is probably a 
more reasonable way of utilising CPUE data for stock assessment However this only provides an 
index of abundance. Techniques such as the change-in-ratio method are needed to obtain estimates of 
absolute abundance and exploitation rates of J. edwardsii stocks. 

We have presented in this report, estimates of exploitation rate for the Victorian rock lobster 
fishery, from use of the change-in-ratio method and the Leslie method. Winstanley et al. (1982), 
Powell (1977b), and Hobday and Smith (1996) have also published estimates of fishing mortality 
(exploitation rate) in the Victorian southern rock lobster fishery. Application of the change-in-ratio 
method in the 9 and 11 Mile Reef area resulted in estimates of exploitation of 0.80 for females and 
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bet<;veen 0.45 and 0.57 ( depending on the statistical estimator used) for males. Ynese estimates were 
over a 3 monl:b period of exploitation, and are probably dose to anm.zru mtes of exploitation. Ninety 
percent confidence limits obtained from bootstrapping are between. 0.64 and 0.91 for fomaies and 0.04 
and 0.75 for males. Thus for males, the estimates are far too wide to be useful, a!thm.,gh the female data 
still suggests that exploitation in the fishery i.s high. 

When the Leslie method was applied to the srune data set from the 9 and 11 Mile Reef area, 
:much lower estirriates of exploitation resulted: 0.49 for femaies and 0.07 fur males. Because of an 
increase in catchabi!ity thorough the season, these estimates of exploitation are probably 
wlderestimates, although other sources of bias could be present as well. Data on abundance for males 
and females estiw.ared from the Leslie suggest that the sex ratio of legal-size iobsrers is markedly 
different from 1: 1 in the 9 and 11 Mile Reef area. This apparent skewed sex ratio was probably 
because of a severe overestimation of male abundance, and tl:ms a severe underestimation of 
exploitation when using the Leslie r.nethod. Estimates of exploitation rate for the Leslie anaiyses of the 
commercial CPUE data were not very consistent from year to year, possibly due to changes in 
catchability through a season that were not equal from year to year. 

Recapture rates of legal-size lobsters tagged in the 9 and 11 Mile Reef area in September 1994 
were only about 30% during the change-in-ratio method survey of this area in November 1994 to April 
1995 (Treble 1996). This suggests that exploitation was only about 30% in the area. Estimates of the 
density of legal-size lobsters using SCUBA and the change-in-ratio method were markedly different 
(CIR estimate only - 10% of SCUBA estimate). If we assume that the change-in-ratio method is 
underestimating abundance compared to the SCUBA surveys, we must assume that it is overestimating 
the rate of exploitation. Both these comparisons suggest that the change-in-ratio method is 
underestimating the exploitation rate of J. edwardsii. However, the tagging data is based on few 
recaptures, and the analysis presented here assumes negligible mortality (natural and tagging-induced). 
In addition, the SCUBA surveys were i.n different areas to the change-in-ratio method survey, and were 
on a smaller spatial scale, so that the surveys could have been "targeting" lobster habitat. In addition, 
size-frequency distributions of lobsters in the 9 and 11 Mile Reef area are quite broad (see Chapter 6 of 
Treble 1996), i.e., many lobsters manage to grow to be much larger than the legal minimum lengths, the 
opposite expected if high exploitation rate are present in the area. Therefore the size-frequency data 
also suggest that the estimates of exploitation rate produced by the change-in-ratio method, especially 
for females, could be too high. The only other recent estimate of exploitation in the Victorian southern 
rock lobster fishery is from Hobday and Smith (1996), who did use length-converted catch curves to 
estimate fishing mortality in the southern rock lobster fishery in Victoria. They estimated an 
exploitation rate of between 0.33 and 0.45 for the fishery, i.e., lower than the change-in-ratio method 
estimate as well. 

We have shown that SCUBA surveys are easily applied to stocks of J. edwardsii in Victoria. 
However, SCUBA divers are restricted to depths less than about 30 m, so underwater visual census 
techniques are only good for inshore stocks, and they cannot be used to assess the main stocks of J. 
edwardsii that inhabit areas deeper than 30 m. In addition, there is still the problem of scale, because 
density estimated on the scale of a fishing ground is likely to be different to density estimated from 
diver surveys. A standard survey over time could still be used as an index of abundance, and used to 
monitor the "health" of lobster stocks. 
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Table 1. Resu!ts of using the change-in-ratio regression method to cakuiate abundance and 
expioitation rates of legal-size female lobsters (Jasus edwardsii) in the 9 and 11 Mile reef area. 
Abundance was not cak:ufated where lobsters one increment above and below legal-size were used. 
The estimate of the total m.1mber of legal-size females removed from. the 9 and 1 i Mile Reef area 
between the first a.'1d last days of sampling was 1,611. 

Carapace length·· 

dasse!> used 

AH 

AU 

Legal-size +/- 5 mm 

Estimafo.:" 

type 

Pooled 

Average 

Pooled 

Regression: 

p-value R1 

<0.001 

<0.001 

0.003 

0.462 

0.518 

0.261 

Legai-size 

abu!lldauee 

2,039 

1,991 

Exploitation 

0.790 

0.809 

0.694 

Table 2. Results of using the change-in-ratio regression method to calculate abundance and 
exploitation rates of legal-size male lobsters (Jasus edwardsii) in the 9 and 11 Mile reef area. 
Abundance was not calculated where lobsters one increment above and below legal-size were used. 
The estimate of the total number of legal-size males removed from the 9 and 11 Mile Reef area between 
the first and last days of sampling was 1,326. 

Carapace length- Estimator Regression: Legal-size Exploitation 
classes used type p~value if' abundance rate 

AH Pooled 0.043 0.130 2,991 0.443 

AU Average 0.004 0.246 2,347 0.565 

Legal-size+/- 10 mm Pooled 0.082 0.098 0.474 
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Table 3. Observed value and 90% bias--corrected confidence limits of (a) abundance of legal-size 
lobsters at strut of season and (b) exploitation rates of le.gal-size lobsters in the 9 and 11 Mile area 
during i:he 1994 to 1995 fishing season. Estimates made for males and females are shown separately. 

(a) Abum:uu1ce 

~~ ~~-.~ 

ObserYed 90% confide:m::e 
---"'-'""'.""""""" 

Sex Data type value Lowe;r limit Upper·limit mterva! 
.---~,,.."--··'"'"'""""'"""" .. -----~--"""'"""""'"' 

Female Pooled 2,039 i,787 2,450 663 

Female Average 1,991 1,766 2,453 687 

Male Pooled 2,991 2,007 10,404 8,397 

Maie Average 2,347 1,772 4,614 2,842 

(b) Exploitation rates 

Observed 90 % confidence 

Sex Data type value Lower limit Upper limit Interval 

Female Pooled 0.790 0.638 0.890 0.252 

Female Average 0.809 0.656 0.912 0.256 

Male Pooled 0.443 0.178 0.698 0.520 

Male Average 0.565 0.299 0.754 0.455 

Table 4. Approximate recruitment rates (moulting to legal-size) for lobsters (Jasus edwardsii) in the 
Apollo Bay area during the 1994-95 season. Data are for pre-recruit lobsters (less than 10 mm carapace 
length below legal-size for males, and less than 5 mm carapace length below legal-size for females) 
released and recaptured in the period November 1994 to April 1995. The mean number of days at 
liberty for each category are in brackets. For females, most (35 out of 38) of the tagged lobsters shown 
were mature. 

Sex 

Male 
Female 

n 

16 
38 

5 (90) 
1 (67) 

11 (54) 
37 (44) 

31% 

3% 
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Table S. Observed value and 90% confidence limits* of (a) almnda1:ice of 1ega1--size lobsters at start of 
season and (b} exploitation rates of Iegai-size lobsters in the 9 and 11 Mile Reef area during t'le 1994-· 
95 fishing season, cakulated using tb.e Leslie and change-in-ratio roothods. The estimates for the 
change--in-ratio method are those cakufated when using the pooled estimator. 

Sex Analysis v~lne Lowe1· limit Upper ii:mit mtenaI ___ ,_,,, __ ~----
Femal.e Leslie 3,280 2,783 4,088 1,304 

Female Change-in-ratio 2,039 1,787 2,450 663 

Male Leslie 23,112 -62,961 67,874 130,836 

Male Change-in-ratio 2,991 2,007 10,404 8,397 

(b) Exploitation rates of legal-size lobsters 

Observed 90% confidence 

Sex Analysis value Lower limit Upper limit Interval 

Female Leslie 0.491 0.394 0.579 0.185 

Female Change-in-ratio 0.790 0.638 0.890 0.252 

Male Leslie 0.070 -0.145 0.256 0.402 

Male Change-in-ratio 0.443 0.178 0.698 0.520 

* Bias-corrected percentile confidence limits (Dixon 1993) were used for the change-in-ratio method. 
However, for the Leslie method, percentile confidence limits were calculated and presented here 
because nonsensical results were obtained for males when using the bias-corrected method, e.g., a lower 
90% confidence limit that was above than the median value. 
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Figure l. Map of Australasia showing the change--i.n-ratio method study site. Tne 3rd expansion map 
shows the release and recapture positions of tagged lobsters in the 9 and 11 Mile Reef area during 
November 1994 to April 1995. A approximate estimate of the area fished :ising these positiot1s is 6.3 
km2• 
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Figure 2. Proportion of famrue and mafo lobsters (Jasus edwardsii) in the catch that were of legal-size 
(~ 105 mm. carapace length for females,?. l 1G rr>JYt carapace length for males) on each day of sampling 
in the 9 and 11 Mile Reef area during Nove1nber 1994 to April 1995, plottf'.d against cumulative catch 
(number of legal-size lobsters removed before that day of sampling). A linear regression line is fitted to 
the data for each sex. Propor'Jons cabulated using the pooled estimator. 
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Figure 3. Plot of the proportion of fomale and male lobsters (Jasus edwardsii) that were of "legal-size" 
on each day of sampling versus the cmnulative catch of legal-size lobsters in the 9 and 11 Mile Reef 
area during November 1994 to ,4iprii 1995. fa this figure, "!egai-size" is 10 rm:n above the legal 
minimum length for males and 5 rnm above the legal minimum length for fo:rnales. ''Undersize" i.s 
defined as 10 and 5 rnm below the legal rninimmn lengths for males and fomaies respectively. Linear 
regression !hies are fated to the data for each sex. Proportions calcufated using the pooied estimator. 
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Figure 4. Bootstrap distril:mtio:m; of the estimates of abundance and exploitation rate for iegai-size 
female lobsters (Jasus edwardsii) in i:he 9 and 11 Mile Reef area, obtained using the change-in-ratio 
method. Part { a) shows the distril:mtions of the number of legal-size female lobsters p~esent in the 9 and 
11 Mile Reef area at the start of the 1994-95 season. Part (b) shows the distributions of exploitation 
rate of legai--size female lobsters during the 1994-95 season in the 9 and 11 Mile Reef area. Results 
from using pooled and average estimators are shown separately. 
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Figure !t Bootstrap distributh:ms of Lhe estirnates of abundance a.'1d expioitation rate for legal-size 
male lobsters (Jasus edwardsii) in the 9 and 11 Mile Rt".-ef area, obtained using the change--in--ratio 
method. Part (a) shows the number of legal-size male lobsters present in the 9 and 11 Mile Reef area at 
the start of the 1994-95 season. Part (b) shows the distributions of exploitation rate of legal-size male 
lobsters during the 1994-95 season in the 9 and 11 Mile Reef area. Results from using pooled and 
average estimators are show;-1 separately. Some iterations produced negative values of abundance and 
exploitation :rate, and some iterations produced abundance estimates greater than 10,000, but these have 
not been shown for simplicity., 
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Figure 6. Carapace condition data for male lobsters (Jasus edwardsii) caught in L.1.e 9 and 11 Mile 
Reef area during change-in-ratio method sampling in the 1994-95 fishing season. Lobsters had 
observations rrtade on their carapace softness and degree of fouiing by polychaetes. Lcbsi:ers have been 
classified as soft-clean, hard-dean, or hard-fouled (see Treble 1996 for more detail.s). Soft-clean 
lobsters are considered to have molted recently. Numbers above c~ach bar are the number of lobsters in 
that carapace length-ciess caught in that period. 
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Figure 7. Carapace condition data for fomaie l.obsters (Jasus edward.sii) caught in the 9 and 11 Mile 
Reef area during change--in-ratio rneiliod sampling in the 1994-95 fishing season. Lobsters had 
observations made on t.J.ieir carapace softness and degree of fouling by polychaetes. Lobsters have boon 
dassified as soft-clean, hard-dean, or hard-fouled (see Treble 1996 for more details). Soft-clean 
lobsters are considered tc have recent!y mohed recently. Numbers above each bar ~se me number of 
iobsters in that carapacs:; length-class caught in that period. Imrnaturn and mature fornales have been 
pooled. 
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Figure 8. Plot of proportion of the catch that was of legai-size (females a.11d rnales shown separately) 
for 5 m depth categories, in the 9 and ] 1 Mile Reef area during November 1994 to April 1995, 
Numbers above bars are d1e number of lobsters caught in each depth category. 
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Figure Ut Sex ratio of legal-size lobsters (Jasus edwardsii) by month for COlT'u'nercial catches in the 
Apoilo Bay area during August to May. Sex ratio data are presented as the proportion of the legal-size 
cai:ch that is female in each mcnth. Data for 1969-76 are from the Apollo Bay Fishermen's Co­
operafr,e during 1969 to 1976 (obtained from archives at the Marine and Freshwater Resources 
Institute). For 1969-76, or..i.y sex ratio data between November and May are shown, becrmse of the 
dosed se?.son for females :from fone 1 to November 15. Dat,'.! for 1992-95 are from 01r, .. boar:i 
observations made during this project at Apollo Bay, although some lobster measuring W<',S done at the 
Apollo Bay Fisherrrren's Co-operative. Error bars around each proportion l)J"e standard errors, assuming 
the data are binomially distributed. 
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Figure 11. Plot of the proportion of the catch of legal-size lobsters (Jasus edwardsii) that were berried 
females versus the nllill.ber of days si:'1ce the start of the fishing season (15 November) h, the Apollo 
Bay area. Data obtained from on,,board observations. Data are for al.1 yeaKs and sites pooled. The line 
shown is a quadratic regression. 
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Figure 12. Plot of CPUE of legal-size lobsters (Ja~us edwardsii) versus cumulative catch on each day of fishing (n = 32) in the 9 and l l Mile Reef area during November 1994 to April 1995. Data for maies 
and females are shown separately. 
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Figure 13. M:ean CPlJE of 1.mdersize lobsters {Jasus edwardsii) on each day sampled in the 9 and 11 
Mile Reef area during November 1994 to April 1995. Data for females and males shown separately. 
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Figure 14. Bootstrap distributions of estimates of (a) abundance and (b) expioitation rate for legal-size 
female lobsters (Jasus edwardsii) in the 9 and 11 Mile Reef area at the start of the 1994-95 season, 
obtained from the Leslie and change-·in-ratio (CIR) methods. Change-in-ratio method results are from 
the analyses using the pooled estimator. A few (39 out of 10,000) bootstrap ite:ratiom; produced 
alnmdance estimates greater ti'1an 5,000 with the Leslie method, but these have not been shown for 
simplicity. 
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Figure 1S. Bootstrap dist.ributions of estimates of (a) al:mndance and (b) exploitation rate for legal-size 
male lobsters (Jasus edwardsii) in the 9 and 11 Mile Reef area at the start of the 1994-95 season, 
obtained from the Leslie and change-in-ratio (CIR) methods. Change-in-ratio method results are from 
the analyses using L'le pooled estimator. Many (27 .5%) of the bootstrap iterations resulted in negative 
values of abundance and exploitation rate from the Leslie method, and some iterations produced 
abur,dance estimates greater than 50,000, but these twc regions of the distdbutions have not been 
shown for simplicity. 
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Figure 16. Leslie analyses of the commercial logbook data from Apollo Bay. Plots of CPUE (legal­
size lobsters per potlift) for November, December, January, February and March versus the cumulative 
catch to the ''middle" of each month are shown for each fishing season from 1978-79 to 1993-94. 
CPUE data were adjusted for unreported catches of legal-size berried females at the start of the main 
fishing season. 
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Figure 11. Estimates of al:n:mdam:e at the start of the main fishing season and average exploitation :rate 
for legal-size lobsters (Jasus edwardsii) in the Apollo Bay area for each :fishing season from 1978-79 to 
1993-94, obtained from Leslie analyses of the commercial logbook CPUE data (Figure 16). Estimates 
for the 1986-87 season are negative and are off the scale of t_h.;; graph. 
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Figure Ut Map of the Apoiio Bay region showing the six sites where SCUBA surveys to estimate 
lobster (]asus edwardsii) density were conducted. 
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Figure 19. Distribution of lobster (Jasu.~ edwardsii) density obtained from the SCUBA surveys at 
Apollo Bay. Data have been pooled over aH sites surveyed. Mean density (aH sizes),:;:: 0.020 lobsters 
m·2• Figure includes data from 30 x 4 m belt transects, and 20 x 20 m quadmts treated as four 
independent W x 10 m quadrats (because data for each quarter of the 20 x 20 quadrat ,,;vere noted 
separately). 
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Figure 20. "Box plot" of lobster density versus site (n = 132 "quadrats" in totaJ) for the SCUBA 
surveys undertaken at Apollo Bay. Numbers above each "box" lll"e the number of quadrats surveyed at 
each site. Data includes 30 ;, 4 m belt transects, and 20 x 20 m quadrats treated a,; four independent 10 
x 10 rn quadrats (because data for each quarter of tl1e 20 x 20 m quadrats were noted separately). 
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Figure 21. Meim lobster (Jasus edwardsii) density versus the .,mount of suitable crevice index, 
percentage cover of the macroaigae Phyllospora comosa, and the percentage cover of Durvillea 
potatorom. Data are for 62 "quadrats" from the three sites (Little Heniy, Rifle Butts, Ryan's Den) 
where quantitative substrate cfata <;;ere collected. Data have been pooled over the thre.~ site1". Shown on 
each graph are fitted quadratk regression lines. 
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1.0 Introduction 

The decline in the Victorian cmnn1erdal southern rock lobster catch rates (Hobday and Sri:;iili 1996) fa 

also reflected by anecdotal repcri:s from iong-te.rm a_mateur rock lobster fishers. The majority of amateur 

rock fobster fishers are divers, but there is a small nUt'!1ber of amateur hoop net fishers, most of whom 

fish the inshore waters of the Western Management Zone (west of Apo!io Bay). Divers frequently report 

a relatively recent (3-4 year) decline of inshore populations from previously productive habitat Few 

dive locations now remain where the experienced rock lobster diver can catch the bag lirriJt of four rock 

lobsters. 

The recreational catch of rock lobster may have significant impact on specific inshore populations 

which may be important breeding populations. Most amateur fishers are aware of their responsibility for 

the long term management of the resource. Unlike the commercial fishery, there is no historical data on 

the recreational rock lobster fishery which can be used to gauge potential impacts. This survey is the 

first attempt to quantify the magnitude of the Victorian recreational southern rock lobster catch. 

Currently, a recreational rock lobster fisher must hold an Inland Amateur Fishing Licence (AFL), which 

can be obtained at a large range of retail outlets. In 1993/94 an estimated 100,000 licences were sold, 

decreasing to 87,000 in 1995/96, however details of where and to whom these licences were sold are not 

maintained. 

There are approximately 100 dive clubs and 40 dive shop outlets throughout the state, with most of the 

latter associated with a dub. Most dive clubs are members of a diving association for insurance benefits 

and for the support and information that these associations can provide. Additionally, diving club 

members are represented on the newly established Recreational Peak Body by nominees from the Scuba 

Divers Federation of Victoria and the Australian Underwater Federation of Victoria on issues such as 

fishing regulations. 

The options available for recreational diver surveys can target people at three different levels (Figure 

1.1). The first level is the Victorian population as a whole from which an estimate of the number of 

divers in the state and the proportion who target rock lobster can be obtained. In the absence of a 

recreational fisher database, a phone poll of the Victorian population would be necessary to establish 

such an estimate of the number of divers in the state. Such a phone poll would be expensive due to the 

large number of interviews that would be required. The second level targets recreational divers by 

collecting information at dive shops and from dive charter operators. At this level it is possible to 

collect catch and effort data that is representative of most scuba divers in Victoria if dive shops are 

selected randomly. The third level targets the private recreational rock lobster divers using a volunteer 

log book system. This approach is best used when a database of recreational divers is available from 

which volunteers can be randomly selected to maintain logbooks. This study concentrated at iliis 

second level, utilising techniques which include a questionnaire of randomly selected dive shops, 

Fisheries and Wildlife Officer interviews of regular coastal patrols and charter boat volunteer log books. 
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@ Dl:ve Shop Quffliom1aire 
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Lobster Divers 
• Volunteer Log Books for 

Lobster Divers 

Figure 1.1 Stratification of the Victorian diving community and the corresponding survey 
method required to sample each. 

Each survey used in this study had intrinsic differences in the types of information coUected (Table 

1.1). The random dive shop questionnaire is most likely to represent the Victorian SCUBA diving 

community, whereas the Fisheries and Wildlife Interviews and volunteer log books are not random but 

can be used to provide data on catch composition including length frequency and sex ratios. 

- monthly number of dives - number in group - number in group 

- average dive duration - dive purpose - dive purpose 

- % effort targeting lobster - dive duration - dive duration 

- % effort targeting lobster 
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------------------------ number caught - size, sex and number c~ 

- number seen 

- diver experience - diving conditions 

- lobster diver experience - diver experience 
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- size, sex and number 

.. diving conditions 

- diver experience 

- site, access aixt d site, access and depth of 
lobster habitat dives obster habitat dives 

- % time targeting abalone - num.ber and size by species 
th, - · per diver - mon ty ,;atch by spec1es . 

.. years diving for abalone ----~--·-----'i'-·-·----------·------------• dive number in 1994/95 

· dive seasonaiity 1994/95 

• dive method/site access 

- club membership 

- club membership 1 - % diver,; targeting lobster 

- regulation understanding - anecdotal information 

- possession of Amateur 
Fishing License (AFL) 

Table 1.1 The cha:racteristics ofinformation collected by the dive shop questionnaires, FWO 

interview cards imd the volunteer dive log books. 

1 . 1 Other recreational diver surveys 
Assessment of the recreational catch is an increasing concern in the management of rock lobster 

fisheries. In New 2'.ealand the recreational catch is assessed by a random phone survey of 3% of the 

population to select fishers to maintain a voluntary diary system with boat ramp surveys to verify the 

results of the surveys (Teimey 1994). The diary survey results from 1991 and 1992 for the southern 

region of New 2'.ealand indicated that recreational rock lobster fishers represented 14% of all fishers 

surveyed and their catch estimate was 102 tonne (Teimey 1994). 

In Tasmania, a recreational rock lobster survey was conducted during 1995/96, randomly sampled 

approximately 8% of the 10,000 amateur rock lobster licence holders endorsed for diving and/or for the 

use of rock lobster pots and traps (J. Lyle, DPIF, Tasmania, pers. comm.). This survey, estimated that 

105,000 lobster were caught from December 1995 to June 1996 with the majority caught by amateur 

pots and traps, with 20% taken by hookah divers and 13% by other divers (J. Lyle, DPIF, Tasmania, 

pen,. comm.). 

Current estimates of the recreational catch of western rock lobster in Western Australia are based on 

annual mail surveys of 25% of the recreational rock lobster licence holders. Total catches reported by 

respondents to this survey were corrected for recall bias by using catch rates obtained from Fisheries 

and Wildlife Officer surveys. Between 1986/87 and 1990191, the recreational catch varied between 

3.0% (350 tonnes) and 4.3% (470 tonnes) of the commercial catch (Chubb and Meville-Smith 1996). In 

1991/92 and 1992i93, 5.9% (720 tonnes) and 6.5% (800 tonnes) of the commercial catch was taken by 

recreational fishers, reflecting an increase in the number of recreational rock lobster licences issued. 

The recreational catch in heavily populated coastal areas such as Fremande and Geraldton was 

estimated to represent 20 to 25% of the landings of the commercial fishers in those areas (Chubb and 

MeviUe-Smith 1996). 
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In South Africa, approximately 60,0CX) recreational fishers are licensed to take rock lobster by the use of 

hoop-nets or by snorkel (capture by SCUBA is prohibited) . .A fortnightly phone poil fa used to assess 

the catch of the previous two weeks. Current estimates of the recreational catch irre about 20% (400 

tonnes) of the cor,:.mercial catch (Van de Elst rL"ld Penney 1994). The proportion of the recreational 

catch in South Africa has increased from 5% to 20% of the commercial fishery in less than ten yean, 

(Meville-Smith 1996). 

2.0 Methodology 

2.1 Dive shop questionnaire 

The dive shop survey was conducted using a random questionnaire (Appendix 1) of divers obtaining 

airfiUs at dive shop outlets in Victoria. It aimed to provide tangible information on the recreational 

diving methods, locations, patterns and catch success along the Victorian coastline (Table 1.1). 

The dive shop questionnaire was randomly distributed among twelve dive shops each month where it 
was given to customers receiving SCUBA airfills for the ten months of the 1995/96 rock lobster season 
(November 1995 - August 1996). AH shop managers were supportive of the survey and agreed to 
participate. Shops were divided into three groups based on: 

1. Popularity (size of dub, turnover, reputation); 

2. Location - sampling a high proportion of divers diving in important sections of the coast; and 

3. Value - value of shop location and need to sample in different areas (eg. if only one shop existed in 
Ballarat it would be given a higher priority than if there were two). 

The scores calculated from these criteria provided an averaged value for each of the shops from Class I 

to Class m. Class I shops were considered the most important shops to sample, while Class II and Class 

III were respectively considered intermediate and least important. Thirteen Class I shops, sixteen Class 

II shops, and eleven Class III shops were sampled. In every month of the survey six Class I shops, four 

Class II shops and two Class III shops were sampled (Appendix 2). 

Recreational catch rates rarely have normal distributions and should not be analysed using parametric 

techniques {Crone and Malvestuto, 1991). A Bootstrap re-sampling technique first developed by Efron 

(1982} and subsequently modified by Gason and Conron (1996) was used to obtain mean catch rates 

and confidence limits. 

Dive shop managers and staff were instructed to hand out the questionnaire to aH divers requesting an 

airfiH, irrespective of whether the diver intended to target rock lobster. By surveying those divers 

requesting an airfill the information obtained by the Dive Victoria study of 1993/94 (McDonald 1994) 

could be used as an estimate of the total possible diving effort in a year. The monthly diving catch per 

unit effort (CPUE) was determined by : 

CPUE = (L Ci)t (L Ei); 

where CPUE is the monthly catch per unit of effort (number of lobster per dive); 
Ci is monthly catch of a diver (number of lobster); and 
Ei is the monthly effort of a diver (number of dives). 
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2.2 Fisheries and Wildiife Officer interviews 

The F\VO interviews cards were first introduced in the Coiac region of the Departm~nt of Natural 

Resources and Environment (DNRE) in 1992 covering the i.rea from Lorne to the Bay of Islands. The 

Colac DNRE region aimed to sample all divers engaged in underwater activities on a survey day rather 

than targeting particular groups. Such a random sampie of diver§ was not a!ways achieved in other 

DNRE regions. 

The interview card for this study, was designed to accom,.'nodate both the F'NO and the Rock Lobster 

Research Program information requirements (Appendix 3). FWO interview cards were distributed to all 

DNRE coastal offices, with detailed instructions for their use when divers and hoop net fishers were 

interviewed during regular coastal patrols. 

The FWO interview information was also used in this study to establish, sex ratio and average size by 

sex of southern rock lobster in the recreational catch (Section 2.4). 

2.3 Volunteer log book 

A volunteer log book system was piloted as an alternative source of information collection. A total of 62 

charter boat operators and representatives from dive clubs were supplied with log books (Appendix 4) 

and asked to complete a column in the log book for each dive. Information was requested on the number 

of people diving, the dive location and depth and information on any rock lobster seen or caught during 

the dive. For the purposes of this survey, diving activity from charter boats was divided into four 

categories: passive diving; diver training; rock lobster dives and diving for other purposes. Additional 

information was asked on the effort, catch and relative experience of each diver (Table 1.1). Log books 

were also established with 22 individual volunteers not affiliated with a dive club or organisation. 

Follow-up letters were circulated to encourage participation and regular returns. 

2.4 Catch and effort estimation 

Only the catch rates from the dive shop questionnaire were used in the total SCUBA catch estimation. 

The estimate of total diving effort for the period of the dive shop survey (1995/96) was determined by 

the extrapolation of the most recent (1993/94) estimate of the total number of airfills in Victoria 

(McDonald, 1994). By using this estimate in the catch calculation, it was assumed that the number of 

airfills directly related to the number of dives completed. The calculation also assumed that additional 

sources of airfills (privately and unregistered compressors) are not significant compared to the total 

obtained from legitimate airfi.H suppliers. It is also important to note that this estimate ignores the catch 

and effort of divers with alternative capture methods such as hookah and snorkel. 

2.4.1 Estimation of statewide :number of dives 

McDonald (1994) estimated that 80,000 SCUBA airfills were made during 1993/94. The number of 

airfiUs /dives for subsequent years was based on a phone survey of twenty randomly selected dive shops 
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in Victoria which indicated that overall business and 1J1e total number of airfiUs v1as fower than in 

1993/94. Increased periods of unfavourable weafrier conditions was provided by shop managers as the 

major contributing factor to this decline. The combined change in diving activity from t.'le twenty dive 

shops indicated that the total mimber of airfilfa dropped 12.0% in 1994/95 and a further 4.6% in 

1995/96. The nmnber of airfiHs for Victoria in the 1993/94 Sbrvey were adjusted accordingly to 70,375 

in 1994/9.S and 67,125 in 1995/96 (Figiire 2.1). The 1995/96 estimate of 67,125 was used in the 

calculations to determine the tota! catch ofrecreatiomll divers (Section 3.4.1). 
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Figure 2.1 The projection of the number of Victorian dives based on the 1993\94 Dive Victoria 
airl":ill smrvey estimate and a survey of twenty ra1ufomly selected dive shops. 

2.4.2 Total catch estimation 

The total catch weight calculation was based on: 

l. The number of dives from the McDonald (1994) airfill survey adjusted to reflect decrease in 

Victorian dive activity. 

2. Catch rate and dive location information from the dive shop survey. 

3. Sex ratio and average length data from the FWO Survey (Fig 2.2). 

Diving location from the dive shop survey was used to attribute dives into the eastern or western 

commercial rock lobster fishing zones. The proportion of diving activity in each zone was used to 

apportion the number of dives from the airfiH survey into each zone. 

The total number of lobster caught in each zone was estimated by multiplying the number of dives and 

the catch rate (number of rock lobster caught per dive). The sex ratio of the recreational catch from the 

FWO interview survey was used to convert the catch to the number of male and female rock lobster 

caught (Figure 2.2) and to provide mean lengths of the male and female rock lobster in the catch. The 

weight of the recreational catch was then estimated by converting the average length to average weight 

for each sex (Male weight= 0.000285 x CL3·m; Female weight = 0.000271 x CL3·135 (B. Kennedy, 

DPIF, Tasmania, pers. comm.)) and multiplying by the number caught for each sex. 
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Figure 2.2 Flow chart for the calculation of the total recreation.al rock lobster catch. 

3.0 Results 

3. 1 Dive shop questionnaire 

Three hundred and fifty one questionnaires were returned from dive shops during the ten months from 

November 1995 to August 1996 (Figure 3.1). Response rates declined during the season, reflecting 

deteriorating weather conditions (Fig 3.1). The low number of returns during January and February 

was explained by most dive shop proprietors as a result of poor weather during this period. 
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Figure 3.1 Number of dive shop questionnaires completed for each month of the 1995/% 
survey period 
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As the survey proceeded, many divers took the questionnaire away from the shop and x'.nailed u'le 

response. It was therefore necessary to assess tl;e return rate of these questionnaires by dividing the 

number of completed questionnaires by the number of questionnaires distributed (number supplied 

mJrms the number remaining at end of month). The methodology of the :mrvey is sirrJiar to that of a 

mail sU<-vey, in that it •;;as <listributed randomly with little or no prompts and encouragement. Non­

response biases are t.i}e biggest disadvantage of mail survey (Brown 1991). Non-response biases of :mail 

surveys are typicaHy in the range of 40-60% to mernbers of tile general public and in the range of 60-

75% for specific targeted audiences (Brown 1991). The response rates varied from 6% to 90% (Table 

3.1), and were generally above 60% except for the poor weather months of January and February and 

the winter months from June onwards. 

360 264 96 66 69% 

360 285 75 36 48% 

360 316 44 23 52% 

240 166 74 52 70% 

240 196 44 31 70% 

240 ~W9 31 28 90% 

240 195 45 18 40% 

240 218 22 9 41 % 

240 187 53 3 6% 

240 222 18 3 17% 

Table 3.1 Monthly questionnaire distribution and response rate information. * Twelve shops 

were supplied with 30 questionnaires initially each month reducing to 20 questior.mab."es from 

March 1996. 

J.1.1 Diving patterns 

The mean number of dives made during the previous (94/95) season was 29.5 ± 5.0 (95% CI). Divers in 

the Western Zone (west of Apollo Bay) made an average of 30.0 dives(± 11.5, 95% CI), while Eastern 

Zone divers averaged 31.5 dives (± 8.0, 95% CI). 

The most popular diving periods in 1994/95 were on weekends and holidays (71%) (Figure 3.2). The 

proportion of weekday dives was much higher in the Western Zone ( 41 % ) compared with 20% in the 

Eastern Zone. 
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Figure 3.2 Most popular dive periods for the previous (1994195) rock fobster season (holiday 
periods in figure include weekend dives, week periods represent dives during a 
normal working week). 

For both zones combined, the proportion of dives conducted from the shore ( 48%) was similar to those 

from a boat (52%). The propor!:ion of charter boat dives was higher in the Eastern Zone (35%) 

compared with the Western Zone (21 % ) (Figure 3.3), and is probably associated with the greater 

number of dive charter boats operating out of ports in the vicinity of Melbourne. 

Private 
boat 
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Private 
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Figure 3.3 The proportion of dives from private boots, charter boats and the shore in each 
zone for the 1995/96 dive shop questim.maire. 

3.1.2 Dive duration 

The dive duration ranged between 40 and 54 minutes, with an average of 47 minutes. The dive duration 

varied by month and would be influenced by a number of factors including tank volume, dive purpose, 

diver experience, diver fitness, water temperature and the overall diving conditions. While a dive time 

of 47 minutes would be sufficient for most leisure diving activities, it may limit less experienced divers 

targeting rock lobsters. 
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3.1.3 Club membership 

Approximately 66% of the divers surveyed by !he dive shop questionnaire belonged to a dive dub. T::'1is 

was a relatively high membership rate reflecting the location of the questionnaires within dive shops. 

Dive club membership was significantly different in each zone, w'ith a 78% membership in the Ea.stem 

Zone and a :58% membership in the Tt/ esten, Zone. Tiiis is not 1,urprising given t.hat more tbf'..n 70% of 

the 46 dive club~ that were identified are based in the Eastern Zone. 

3.1.4 Diver experience 

The proportion of divers by experience category were 32% for those with less than two years, 24% for 

those with two to five years, 19% for those with six to nine years and 25% for divers with more than ten 

years diving experience. 

The experience categories were also compared to the dub membership of respondents. The overall 

proportion of dub membership for divers with less than two years experience (72%) was higher than 

divers with two to five years experience (66%), six to ten years experience (59%) and divers ·with more 

than ten years experience (65% ). This trend reflects the closer association of less experienced divers to 

clubs, and again the proportions of around 60% and over are indicative of the diving population visiting 

dive shops in Victoria. 

3.1.5 Dive locations 

A small proportion of questionnaires did not contain sufficient information to identify specific dive 

locations but enabled allocation of dives into either of the zones. The resulting overall distribution of 

dives was 30% in the western and 70% in the Eastern Zones. Of the reported dives which could be 

allocated to a specific section of the coast within the two zones the majority occurred between 

Wonthaggi and Torquay (45%), which is consistent with the regional distribution of the Victorian 

population (Figure 3.4). The next most popular section of coast was between Apollo Bay and 

Warmambool (31.5%) and a further 8.5% of the diving activity occurred between the eastern sector 

from Wilsons Promontory to Wonthaggi (Figure 3.4). The section of coast between Torquay and Apollo 

Bay received only 5% of the recreational diving activity detected by the survey, which appeared lower 

than the apparent diving popularity of the area might suggest. The lack of representation of this section 

and sections to the east of Wilsons Promontory and west of W armrunbool may be a reflection of the 

lower proportion of dive clubs and divers in these areas. 
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Fixure 3.4 The spatial distribution of diving activity expressed as the percentage of the total 
number of dives in the 1995/96 dive shop questionnaire (based on questionnaires 
where dive sites were nominated). 

3.1.6 Divers targeting rock lobster and abalone 

Approximately 61 % of all divers in the survey indicated that they targeted rock lobster. Of these divers, 

56% stated that they were rock lobster divers only, while the remaining 44% also targeted abalone. 

Discussions with divers indicated that abalone is often targeted as a secondary species particularly if no 

rock lobster have been caught during a dive. 

Divers in the Western Zone generally dived specifically to collect rock lobster and abalone, whereas in 

the Eastern Zone, there was a greater variety of diving activities including photography, diver training 

and ecologically based educational dives. 

Of the divers targeting rock lobster and/or abalone, 62% belonged to a dive dub which was slightly 

lower than the club membership of all respondents (66%). These divers also showed a higher usage of 

private boats (25%) for access to dive sites, compared with 20% for all respondents. 

3.1. 7 Catch rates of all :respondents 

In the Eastern Zone, 151 out of 169 failed to catch a lobster while 56 out of 77 divers in the Western 

Zone reported no catch. The catch frequency distribution for the dive shop questionnaire (Figure 3.5) 

highlights that the majority (84%) of respondents reported not catching rock lobsters on a dive. 

105 



Appendix5 

~ 
"I 
~ 
~ 
J;$ 
fl$ u ...... 
~ 

t' = 
~ 
O" e 
~ 

1150 -

:l,4(1 

12e 

100 

ISO 

60 

4!0 

lO 

0 

0 1 

aeaatern Zone 

0Weatem ZoM 

Rock Lobster Catch Rate (Number/penon/dive) 

Figmre 3.5 Frequency distribution of tM number of rock lobster caught for aH respondents to 
the 1995/96 dive shop questimmaire. 

3.1. 7.1 Catch rates in the Eastern Zone 
From the 1463 Eastern Zone dives reported during the 1995/96 survey a total of 195 rock lobster were 

caught, resulting in a mean catch rate of 0.20 lobsters per dive (n = 169, 0.08 to 0.32, 95% CI; ). 

The mean catch rate for divers targeting rock lobster in the Eastern Zone was 0.40 lobsters per dive (n:::: 

109, 0.10 to 0.70, 95% CI). Although the variation within this catch rate for the rock lobster targeting 

divers was high, the overall catch rate of this group was much higher than the catch rate of all divers 

combined. Analysis of catch rates among Eastern Zone rock lobster divers of different experience 

levels was undertaken to determine if diving experience was a significant influence on the catch (Table 

3.2). The catch rate for divers with less than two years diving experience was much lower than for the 

more experienced categories of two to five years and more than ten years experience (Table 3.2). 

However, here was no distinct pattern of increasing catch rate with increasing experience. 

0.44 0.11 0.31 

0.10 - 0.78 0.02 - 0.20 0.14 - 0.47 

Table 3.2 Catch rates by experience categories for Eastern Zone dive shop questionnaire 

:respondents. 

The monthly catch rates for the Eastern Zone varied greatly, with higher catch rates during January, 

April, June, July and August (Figure 3.6). The number of returns for June, July and August were low, 

therefore little emphasis should be placed on the increasing trend of these catch rates in the Eastern 

Zone towards the end of the 1996 season. 
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Figure 3.6 Mean monthly catch rates for respondents to the 199.S/96 dive shop questionnaire in 
the eastern and tile Western Zones. 

3.1.7.2 Catch rates in the Western Zone 

From the 672 Western Zone dives reported during the 1995/96 survey a total of 248 rock lobster were 

caught resulting in a mean catch rate of0.39 lobsters per dive (n =77, 0.18 to 0.60, 95% CI). 

The mean catch rate for divers targeting rock lobster in the Western Zone was 0.68 lobsters per dive (n 

= 58, 0.33 to 1.03, 95% CI) again reflecting the higher success rate of divers targeting rock lobster. 

Analysis of the catch rates among Western Zone rock lobster divers with different experience levels 

demonstrated a lower catch rate for divers with less than two years experience than the other categories 

(Table 3.3). The mean catch rates show that divers with two to five years experience were twice as 

successful at catching lobsters while divers with more than ten years experience were around five times 

more successful than divers with less than two years experience. Again the variation of the catch rate 

estimates was large, but there appears to be a trend of greater catch rates with diver experience in the 

Western Zone. 

The monthly catch rates for the Western Zone varied with the highest occurring in March 1996 with 

higher catch rates than the Eastern Zone during January, March and May (Figure 3.6). Estimates for 

February and August are .not available because no W estem Zone dives were reported on the 

questionnaires during these months. 

0.31 0.73 0.79 

0.11 - 0.51 0.10 - 1.35 0.20 - 1.38 

Table 3.3 Catch rates by experience categories for W estem Zone dive shop questionnaire 

respondents. 
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3. 2 Fisheries and W'ildlife Officer interviews 
The infonr.,ation provided in !:his sectfon contains results from FY{O interviews conducted in Victorian 

coastal regions. Comparisons are made between the results for the period from July 1995 to June 1996 

with the results detailed in Millar {1996) from the period of October 1994 to Aprii 1995 in the Colac 

Region. A total 32& FWO interview cards were rew.'"ned for analysis from surveys dating back to 

October 1994, however only data fmrn the 246 flV{O interview cards collected during the 1995/96 

rock lobster season was used in this analysis. 

3.2.1 General information 

Among the divers interviewed by Fisheries and Wildlife Officers, only 26% were club members, which 

is much lower than the overall membership of 66% obtained from the dive shop questionnaire, but 

higher than the 18% determined in the Colac region by Millar (1996). 

Approximately 80% of intenriewed divers during the 1995-1996 period possessed an amateur fishing 

licence (AFL), compared with 98% in the previous survey (Millar 1996). 

The compliance level for regulations in the 1995/1996 FWO survey for the Coiac region was better 

than 90% except for the compliance with under size abalone, which was lower at around 84%. Millar 

(1996) also found that diver compliance was relatively high at over 97% for most regulations regarding 

the collection of rock lobster and abalone including size limits, prohibited equipment, bag limits and the 

protected soft shell and berried rock lobsters. 

Comparison of diving methods showed that SCUBA diving represented 46%, snorkel diving 33% and 

hookah diving 12% of amateur diver effort (Figure 3.8). Millar (1996) established diving method 

proportions of 42%, 42% and 13% for SCUBA, snorkel and hookah respectively, consistent to the 

results of the present study. 

Wading 
Hoopnet :2% 

7 

SCUBA 
46% 

Figure 3.8 Capture methods employed by divers interviewed in the FWO survey from July 
1995 to June 1996. 
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3.2.2 Length frequency and sex ratio of rock lobster catch 

The HVO interviews provided length frequency measurements of t.~e recreational cal:ch (Figure 3.9). 

Many divers target the largest rock lobster available resulting in a catch distribution with a reiatively 

high proportion of iarg,~ lobsters compared with the com .. merciai catch (Hobday ,md Smith, 1996). A 

grea';.er proportion of males m:-e tat.en at a 3.2:1 male to female ratio. The average carapace lengths of 

males and females caught in the F\r!O survey was 136.7 mm and 116.0 mm respectiveiy which 

converted to mean weights of 1.36 kg and 0.84 kg for males and females respectively. 

12 

0 

Carapace Length (mm) 

IIFemales I 
C!Maleii I 

Figure 3.9 Length frequency distribution of the recreational catch of male and female rock 
lobster from the FWO interviews during 1995/96. 

3.2.3 Rock lobster catch :rate 

The number of rock lobster caught per interviewed diver showed that there was a high proportion of 

divers with no catch (56% ) (Figure 3.10). It is important to note that the 9% of divers interviewed with 

a catch of four rock lobsters took 40% of the catch in the survey. There was also a small proportion of 

the catch (4%) taken illegally by divers with a bag of more than four rock lobster. 

The complete FWO interview data (Oct 1994 to May 1996) was used to compare catch rates by diving 

method and fishing zone (Table 3.4). AU interviews where more than 8 rock lobster were caught were 

excluded as in Millar (1996) because these limits were defined to be commercial quantities and not 

considered part of the normal recreational catch. The catch rates established for the SCUBA divers 

from the FWO interview method (Table 3.4) were over four times higher for the Eastern Zone and three 

times higher for the W estem Zone than the estimates from the dive shop questionnaire. 
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Rock Lobster Catch per Pe:rson 

Figure 3.10 Catch. fre,queni!Y distribution per diver and the cox·reiiPottd11n2 proportion of the 
total recreational catch. 

East All 20 0.74 0.10- 1.38 
(95%CI) 

West AU 98 1.29 0.88 - 1.70 
95%C!) 

East SCUBA 14 0.93 0.29 - 1.57 

West SCUBA 48 1.16 0.80- 1.52 

West Hookah 14 2.68 UH -3.55 

West Hoop net 12 0.83 0.43 - 1.26 

West Snorkel 24 0.72 0.26- 1.18 

Table 3.4 Catch rate of 1rock lobster by diving method and fishing zone from the FWO survey 

during 1995196. 

The number of FWO interviews in the Western Zone was higher than in the Eastern Zone because the 

of a greater priority given to marine creel data collection in the Western Zone DNRE regions. As a 

consequence, analyses of hookah and snorkel divers and hoop net fishers in the Eastern Zone were not 

possible due to smaU sample sizes. The catch rate for aU diving methods combined were higher in the 

Western Zone (Table 3.4), and was probably due to a larger occurrence of hookah divers in this region. 

The catch rate of SCUBA divers in each zone are similar, despite the greater variance in the catch rate 

distribution for the Eastern Zone. 
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3.3 Volunteer log books 

Voh.m.teer iog boob were used as an alternative method to coHect recreational rock lobster catch s.nd 

e.ffort information. The return rate was low and maintaining the interest of participants was difficult. 

Individual divers were genera?ly more responsive tha.,. ~:harter operators. Returns were received from 8 

charter boat operators and 7 individual divers resulting in a total of 59 charter boat operator and 12 

individual log book sheets. Each log sht'A~t had a potential to record eight separate dives and in the case 

of charter boat operators, each separate dive can involve up to 30 divers. 

The majority (45%) of dives on charter boat operations were passive ie. diving to observe the habitat 

and marine biota, wit,; only 26% of the dives targeting rock lobster (Figure 3.13). A further 24% of 

dives were for training parposes and the remaining 5% of dives targeted ot.ller marine species or 

involved other diving activities (Figure 3.13). 

Total catch for all charter boat dives was 118 rock lobster from 3,917 dives (0.03 lobster per dive) and 

for the divers targeting rock lobster, the catch was 88 rock lobster from 938 dives (0.09 lobster per 

dive). It is important to note that these results were not conclusive. Some charter boat operators not 

sampled in this survey may have targeted rock lobster for a greater proportion of time and may have 

substantially higher catch rates than the participating operators, 

Total catch from individual divers was 60 lobster from 277 dives, resulting in a catch rate of 0.22 rock 

lobster per dive. The majority (90%) of the volunteer individual log book respondents dived in the 

Eastern Zone and all were keen rock lobster divers. It was therefore surprising that the catch rate of this 

group of divers was not substantially greater than the overall Eastern Zone catch rate established by the 

dive shop questionnaire (0.20 rock lobster per dive). 

Figure 3.13 Proportion of recreational diving activity established from charter boat volunteer 
log book survey. 
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3.4 Recreational catch estimation 

3.4.1 Rock lobster catch estimation from dive shop questionnaire 

Tht, estimated to:al catch for both zones from the <live shop questionnaire was 18,241 kg with 11,609 kg 

caught in t..1e Eastern and 9,700 in the Western Zones respectively (Table 3.6). T'oo greater number of 

dives in the Eastern Zone resulted in a higher catch despite a r:atch rate approximately half that in the 

Western '.l.one. 

Total catch estimation using the combined catch rate for aH respondents (18,241 kg) is lower than the 

combined estimate of the eastern and Western Z::mes (21,309 kg). These twc ~stimates, however 

provide a useful range of the recreational catch to be used for comparison in future years of the survey. 

It is important to note that these estimates do not include the catch of hookah and snorkel divers and 

also hoop-net fishers. 

Zone Catch rate No. of m.ves Estimated 

(lobsters per 
for 1995/96 number of 

dive) 
lobster 

caught 

Eastern 0.20 (Mean) 46,988 (70%) 9,398 

Western 0.39 (Mean) 20,137 (30%) 7,853 

AH 0.22 (Mean} 67,125 14,768 

(100%) 

* Average weight of the recreational catch female and male rock lobster 

Table 3.6 Estimated total catch number and weight of rock lobster f:rom the 1995/% dive shop 

questionnaire. 

Assuming that most of the recreational diving activity occurs in water less than twenty metres, a better 

comparison can be made with the commercial catch taken below twenty metres. The estimated total 

recreational SCUBA catches in each zone, established from the dive shop questionnaire, were compared 

to the total commercial catch from all depths and also from water less than 20 metres (Table 3.7). The 

total recreational catch in Victoria was 3.9% of the commercial catch at all depths and 20.8% in waters 

shallower than 20 metres. The results indicated a greater recreational component of the total catch in the 

Eastern Zone than in the Western Zone. The difference is primarily due to the greater commercial effort 

and the substantially lower recreational diving effort in the Western Zone. The Eastern Zone 

recreational sector was approximately 20.7% of the commercial catch from all depths and 46% of the 

commercial catch from water shallower than 20 metres (Table 3.7). In the Western Zone the proportion 

of the total commercial catch was comparatively low (2.3% ), however, the proportion of the commercial 

catch shallower than 20 metres was significant (15.5%). 
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Table 3.7 Comparison of the recreational catch from the dive shop sun-ey with the commercial 

rock lobster catch from all depths and from less than 20 metr~ for the 1995/96 fishing season. 

4.0 Discussion 

With the growing national diving population, the pressure on marine resources wm undoubtedly 

increase. This research was initiated by a necessity to quantify the recreational rock lobster catch for 

stock assessment analysis and provides the first estimate of the recreational SCUBA catch of southern 

rock lobster in Victoria. 

The dive shop survey was similar to a mail survey, in that it was distributed randomly with little or no 

prompts. Non-response biases are the biggest disadvantage of mail survey (Brown 1991) and are 

typically in the range of 40-60% to members of the general public and in the range of 60-75% for 

specific targeted audiences (Brown 1991). Response rates to the aU questions in the questionnaire 

varied from month to month, and were acceptable for aU months except the last two months of the 

1995/96 survey. 

The FWO was haphazard and opportunistic in the selection of participants, with a bias towards 

favourable diving conditions and location (Millar 1996) and therefore may not represent the Victorian 

diving population as a whole. Biases also existed between the different regions in which the FWO's 

work, and the variations in budget priorities and staffing allocations. The catch rates established from 

the FWO interviews (Table 3.4) were higher than those from the dive shop questionnaire reflecting the 

targeting of this survey to those divers engaged in diving at popular diving locations. 

4.1 Recreational catch of rock lobster 
The dive shop questionnaire did not sample recreational lobster fishers not relying on dive shops for 

SCUBA airfiUs, such as hookah and snorkel divers and those divers with access to private or club 

owned compressors and therefore, the total catch from the dive shop questionnaire may be an under­

estimate. Hookah divers made up 12 % of the FWO interviews (Figure 3.8) and their catch rates were 

much higher than SCUBA divers (Table 3.4). This difference reflects the advantages of hookah diving 

113 



Appendix 5 

which include i:ninimal dive time restrictions and better access to lobster habit.at without bulky SCUBA 

tanks. 

The recreational catch is significant compared with the commercial fishery, particuiar!y in water 

shallower than 20 metres and should be included in sl:ock assessments. A similar comparison has been 

made in Tasmania where the amateur catch has i:w,en estimated at 18% of the cotr,Jnercial catch from 

waters shallower than 20 ,netres and 5% of the toral cornmercial catch for the period between December 

1995 and June 1996 {J. Lyle, DPtF, Tasmania, pen,. Comm.). In the more popular r~;reatiomd lobster 

diver locations, the proportion of t.'le recreational catch rnay have more impact on inshore populations 

than the coimnercfaJ fishery. 

4.3 Future research requirements 

The most important information required to obtain a more confident estimation of the recreational 

impact is a definitive estimate of the total Victorian recreational diving effort, which can only be 

achieved via randomly sampling the recreational fishing population of Victoria. 

The dive shop questionnaire has been established for 1995/96 and is continuing to record information 

on the number of divers targeting rock lobster and the number of dives and the catch each month. The 

dive shop survey is continuing in the 1996,197 fishing season and has been modified by reducing the 

number of questions asked and by providing a small discount on an air fill if the questionnaire is 

completed. 

The main requirement for future assessments of the recreational catch is a reliable estimate of the total 

number of divers and dives in Victoria. Recreational catch estimatio.n in Victoria is difficult due to the 

lack of a structured recreational licensing system with associated electronic database. Future 

recreational research should have the minimal requirement of a database of an amateur fishers endorsed 

for capture of marine species. Establishment of such a recreational fisher database would enable the 

relevant catch and effort information to be determined by a phone survey of registered fishers. Western 

Australia and Tasmania have specific amateur rock lobster licences which enable them to rapidly, 

accurately and cost effectively assess the recreational catch and effort by a phone poll. Until a similar 

approach is adopted in Victoria, the accuracy of catch and effort assessment cannot be confirmed. Such 

an approach would include capture by all methods, thus allowing assessment of the hookah catch. 

The results from the volunteer diver log books were inconclusive due to the low response rate. 

However, there is merit in this form of survey when a recreational database has been established and 

fishers can be allocated a log book after being randomly selected during a state-wide phone poll. 

Roving Boat Ramp surveys are not practical in Victoria due to sparse and variable diving localities and 

activities. The most appropriate way to collect continuous direct diver information is by the continuing 

use of the FWO interviews. In the absence of a recreational fisher database, the dive shop 

questionnaire should continue but methods other than the 1993/94 airfill survey need to be developed 

for the estimation of dive effort. 
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i\ppc111iix I: Fonua! of' 1995/96 Dive Shop Qucslio1111ain: 

ROCK LOBSTER SURVEY 
11 I.I. /111'1·.'N.\' MW ASA' 1:0 TO COMl'l.l:Tli TIii.\' FO/?M 
111/J'A/U: /1/:'(!lll:.\TIW NO'l"f'O COM/'fFm MO/U\ 
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11,i., ;-111w,1· ll'ill r,·11111i11 ,.·111,jii/mtioi <1111/ will /,e 11.red .wlcly 
for !lock u,bster reuarc/1. 

I. In the 19'.M/95 Rock Lohs!cr season 
(Nov. '94 • Aug. '95) how many dives 
did you make '/ 

D 
2. For !he 199•1/95 season how many 1livcs did you 11rnkc 

in the following periods '/ 

Nov· ,!nu 
Wccktlay 

Weekend 
or llolidny 

3. Arc yuu a 111c111!1<:r 111' n dive 
.111,l/or fishing duh '! 

If yes, plt•ase list 

llcl.i • Mnv .l1111··· A111'! ·, 

Yes No 

4. I low many years have 
you hccn divi11g '! 

<2 2-5 5- IO > W 

5. In the his! monlh how 
many dives tlitl you 111ake 
from shore or hoa! '/ 

D 
Shore Charier Private 

Boal lloa! 

DOD 

6. Estimate your nvcnigc dive lime. 

7, When diving tlo you m:!ivcly 
search fur !lock Lobster '/ 

If ye.1·, cm1 yu11 extimate tlte 11era11111ge 
of ymir dives that ym1 actively 
searcf1fur Rock Lob.rter? 

8. When diving do you aclivcly 
search for Abalone '/ 

If yes, cm, )'<Ill estimate the pernmfllge 
of yo11r dives 1h111 ym1 actively 
.rc11rd1 for J\fm/1111e ? 

111i11u1cs 

Yes No 

D 
Yes No 

D 
Seen C:iugh! 9. In Ilic last 111011th how nmny 

Hod.: Lohstcr have you seen 
and caught '! OD 

HI. Jn the last mon!h how m:my 
Abalone have you taken'/ 

I I. !low rmmy ycurs have you 
been diving for Rock Lobster 
;md/or Almlonc '! 

G.lip 

OD 
Lobster Aha!om: 

D 

12. Where du you usually div,: for !t,x;I; Loh~lcr 

l,oc11th111 Access mdhud 
nml !m·,1iim1 

,_,., ___ .. ,,.. 
Tlm11kym1 for fil!i111; iu !his 1111cs1111umm·c. 

Would yon like to become more h,vnlvc!I 
Lohslcr rcsc:wch by pn;viding n:g:tlar 
infommli1m? 

(ml 

IJ.w, plr11.w rfo,~ l,WHH,59 5:W (loil}i·u) wid /'flll'iil,• 
a,1,/r,•,u 11111/ 11lw11r mw,lu•r, i',m will r,·,·,,fr,• 

hook which nm he 1u,·,I to n•conl nttdt injl,rmutlem 
(./im11'1/ dr111t111Slm1,·d ifl ,lia,:mm /11•/ow), 

!'lill~ONAI. IIIVtm 1.rn: SAP~H'LE ONLY 
ttt,..f!.t..J,.,.t,,,1«'f<¾!.~H½M·v~111th~~ 

I ----,-- .. !---~--... i,;, ..... ...,"' .... '"··~ 

Ad,li!immi infornmdi,m alum! !he Hod, Lobs!~r 
Assessment l'rnJcd c,m IH: obtained from : 

HOCK UJIISTE!{ /\SSl~~SMENT 1•1mmcr 
VICTORIAN FISIIEIUES !IESl:Al!CB INSTITUTE 
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Appemlix 2: Sd1cd11lc for !he 1995/96 dive shop questionnaire. 

NOVEl\!lllm 

·, !. ':,1 

UECEMllE!t 
!•. ·~<_'.('' 

'··:?1·.t;'.~lt,if~::: 

A111rn llluc 
Snolm 

!11slrudi1111. 

A111111 !lluc 
Sculrn 

lnslrndiuu. 

As.~od:ttc<I 
!Jivcrs 

Dive 
Experience 

11:,y City 
Sc11lm 

Austr:,liun 
Scuba Ccnlrc• 

Din Line 

l>ivc 
Experience 

Panufisc 
Divers 

Sm,!hcrn 
Cross Divers 

l'c11insul:1 
llivini: 

inslrnclion 
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Appendix 3: Format of the Fisheries and Wildlife Officer Interview Cards 
(Front & Back) 

ROCK L OBSIER- Recreational Interview 

Datie__J_I_ OfBcer(s): -~------·--·-···-··-·-··-- Office:---· 
Ti:m.e: _:_ Location.: ----·-------Person_ of_ in. C.nnip 

Divi:n.;Cond.inon.s: Stas D Wind D V-:as:ibiliiy D 
( (l)-J-.u,:::h/S-n::;/119-- (2)-1\tSD.a-.. .. t;ir,t- l"lat/ Oil.n /0...t) 

Dirr er orlgi,n: ____________ Acceu: Bo .. t D $Aon D 
}hthod.: SCUBA D Hookah0 Dive CluD: Yes D No D 

Hoopndo SnorJwO AFLholder: YuD NoO 

Other -------·--- Dirr er l 2;, erience: ·-· (Y~) 

Dive P,apose D RL No. 0 No. 'U/s O Of!en.ce D 
udcdclu D Alu No.O No.wsO D 

D 0thAe:r -----·-·-----·----D 
Xn.owleclp: RL du D RL closureO Ah sneO Cl\> closiare D 
Dive Perlocl: -- (Minuus) LobstierResearch.Dirrer: No 0Yes 0 

ABALONE ROCK LOBSTI:R N:ll'lle: ---·--------· 
nn B,q, C/q, mm Male Female Aclclress: ·----·-----

., 
s Ph. ( ) 
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10 
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ll 101:1 ------
1'% 107 
1J 101 
14 10P 
lS 110 
loS 

111 
17 11'% 
lZ 

lU 
19 

114 
-= 11:S 

!>huc.-1-l 
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PERSONAL DIVER LOG 
(Rock Lobster C11tch and Observations) 

To be Completed/or Each Dive EXAMPLE 

DATE 
LOCATION AND ACCESS DETAILS 

No. in GROUP 

DIVE PURPOSE 

(P-Passive, T-Training, R-Rock Lobster, D-Diving for other 

species, O-Other) 

To be Completed if Rock Lobsters Observed muVor Caught. 

DIVING CONDITIONS .. •·. ·•· .. ·. • · ... 

\V~:!:J1.}~:i1f;i~;~~c···: ~.~;f7n~.;~_ii'.~21ve·····4 .. Strong-restrkt_ive···· 

,mty: l.ExccHent>Bm .. _l.Oood9·1~m _3,F~ir4·8m .c, Poor0-3m 

DIVE TIME, % EFFORT, EXPERmNCE and 

. .· CATCllof each diver; . 

Ti~1~: Dive Tim~ of Rock Lobst~r C~tch (1~i~uks) .• 
¾: An estimate of% Time Looking for Rock Lobster on this Dive 
Yean: Diving Years Experience 
Catrll: Roek Lobster Caught 

Recorder: Co11l:1ci No.: ( ) __ _ 
Return Forms in Envelopes l'rovide<i and all Queries ar-c nirected lo: (1800) 659 528 

Vi..htHl>ll t'i1>1»fflii ~,1<>1«d1 ti.._w,1·1,; 

t~~.-,,-----'A,Wl!tctlMffillW~-"'!ft 

l'unrn,i: ni.nn l'll[l!!/~t mri:r:i-1 l'.11r11rui: mnn l'l!rlll!.:il: rnnr.i; 
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APPENDiX6 

Objective 4 .. "To assess the current status of the fishery for southern rock 
iobster in Victoria." 

Victorian Fisheries Assessment Report - Rock lobster 1996 

Compiled by Rock lobster Fishery Assessment Group, 

D.K.Hobday and D.C. Smith (eds). 
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© State of Victoria 1996 

ISB~T 

This work is copyright. Apart from any use under the Copyright Act 1968, no pan may be reproduce,d 
by ariy process without permission. 

Copies available from: 
Marine and Freshwater Resources Institute 
PO Box 114 
QUEENSCLIFF VIC 3225 

Preferred way to cite this publication: 
Hobday D and Smith D. C. (eds) (1996). Rock Lobster 1996, Victorian Fisheries Assessment Report. 
Compiled by Rock Lobster Stock Assessment Group. (Marine and Freshwater Resources Institute: 
( Queenscliff) 

This series of Fishery Assessment Reports provide general fishery assessments dealt with by the Stock 
Assessment Groups established by Victorian Fisheries. The documents are not intended as definitive 
statements but rather as progress about ongoing assessments, research and monitoring. 
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Appendix 6 

Summary 

<11 The southern rock lobster (Jasus edwanuii) is fished co:mmercia!ly in south~astem Australia and 
New Zealand. The Victorian ammal catch is cmTently around .500 to,mes ivith a landed value of 
$1.5.6 miHion representing 10% of the Sout.'ieast Australian fishery. Over eighty percent of 
Victoria's catch is taken in the western. management zone from the South Australian border to 
Apoi.loBay. 

<I! Catch rates in !:he Victorian fishery have shown a steady decline from 2.5 kg/potlift in the 1950's to 
0.48 kgipotlift in 1992/93. The Western Zone catch rates have stabilised at around 0.5 kg/potlift. 
The Eastern Zone catch rate has declined steadily but has shown some stabmf:atfon over the past 
two years (confirmed by exas'T'Jnation of catch rates of the more experienced fishers), and is 
currently around 0.3 kg/potiift. 

s Recent advances in technology such as colour sounders, satellite navigation and planing hulis have 
increased fishing power and effort on the more distant fishing grounds, by enabling accurate and 
repeatable positioning on reefs. 

® This stock assessment aimed to refine the 1995 assessment in four ways:­

L Update the assessment with data from the 1994/5 fishing season. 
2. Use results of recent research to provide Victorian specific growth, fecundity and fishing 

mortality 
estimates as inputs to the assessment models. 

3. To provide, for the first time, an estimate of the recreational SCUBA diver catch in each 
management 
zone. 

4. Investigate the relationship between fisher experience and catch rates. 

® The assessment incorporated a range of increases in fishing effort due to technological 
improvements and a weighting in the Eastern Zone for recreational catch. 

e The recreational SCUBA catch for the 1995/96 season to the end of April was estimated to be 7.1 
tonnes (10% of commercial catch) in the Eastern Zone, and 9.2 tonnes (2% of commercial catch) in 
the Western Zone. These estimates were agreed to be minimum values as they did not include 
hookah divers and illegal activities. 

e Results of the biomass dynamics (production) assessment models in the Western Zone estimated 
that the reduction in effort needed to maximise yield was estimated at 10%, 29% and 37% with 
corresponding increases in fishing power of 0, 1.5 and 3% per year, with no allowance for 
recreational catch. These estimates were slightly higher than estimated in the 1995 assessment. 

111 The Eastern Zone production model estimated maximum yield with effort reductions of 36, 45 and 
50% using effort standardised for winter fishing, a 7 tonne recreational catch and increases in 
fishing power of 0, 1.5 and 3% per year respectively. Effort reductions of 39, 45 and 51 % would 
be required to maximise yield if a recreational catch of 14 tonnes is assumed. These estimates were 
unchanged from the 1995 assessment. 

111 Yield and egg per-recruit models predicted that a small gain in yield of 8% could be achieved by 
reducing fishing mortality. 

e Egg per recruit analysis estimated that the current Victorian egg production is between 6 and 19% of 
the virgin, unfished stock (depending on !:he level of natural and fishing mortalities used). This 
estimate is less than the management target of 25% of the virgin egg production. 

• Preliminary age structured modelling using W estem Zone data showed that a reduction in effort by 
30% over 5 years, would initially reduce catch by about 20%, but would stabilise at around 400 
tonnes. 

e High priorities for future research are further refinement of the estimation of the recreational catch 
and its continued monitoring. Other areas of high priority are more detailed analysis of catch and 
effort data at a finer resolution than the current management zones, and estimation of fishing 
mortality and growth parameters by zone. 
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introduction 

The Fishery {Stock) Assessmemt Groups were formed to undertake annual assessments of Victoria's 
major fisheries and harvested stocks. Each assessment is conducted with reference to t!te stated 
management objectives for !he fishery and the implications of the assessment for management of the 
fishery is a major outcome. 'The Groups were ruso established to ensure formal cornn:umication 
betvleen fishery rmuiagers, scientists, industry and other client groups. 

Each reJX)rt contains a summary of the assessment for each fishery. Tne format ~.nd contents of each 
report and summ2ry are standardised across each fishery. This ensures that both known information 
and inadequate or missing data are high!ighted for discussion. Research needs are addressed and 
prioritised. 

Management goals, objectives and targets were provided by the Fisheries Branch, Department of 
Natural Resources and Environment. 
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Management Goals, Objectives and Strategies 

Goals 
l. Ensure the sustainability of the resource. 

2. Ensure the optimum utmsatfon of the resource. 
3. Ensure a p.rospewm, com_mercial fishery. 
4. Provide recreational. opportunities and ensure that recreational fishers have a.'1 appropriate anG 

equitable allocation of the rock lcbster resource. 
5. Ensure that management arrangements are effectively implemented, monitored and reviewed. 
6. Ensure co-operative and participative management with clients. 

Objectives 
l. Ensure adequate recruitment from the Victorian component of the rock lobster fishery by allowing 

the spawning stock to rebuild. 
2. Improve the yield from the fishery, by reducing gm\.vth overfishing. 
3. Improve the economic viability of operators in the fishery by reducing fleet fishing costs, 

encouraging the rationalisation of the number of boats in the fishery and maximising the value of the 
catch. 

4. Rebuild the inshore rock: lobster stocks to assist with conservation of the resource and provide 
improved recreational opportunities in the long term. 

5. Ensure that management arrangements are cost effective and focused on the resource. 
6. Ensure that management arrangements for the fishery are enforceable, and that an appropriate 

enforcement strategy is developed on an annuai basis. 
7. Provide education and extension services to commercial and recreational rock lobster fishers. 
8. Implement monitoring programs for regular assessment 
9. Establish appropriate mechanisms to ensure effective consultation and communication with 

commercial and recreational fishers, and other groups. 

Strategies 
1. Maintain a spawning biomass in all major areas of the fishery in Victoria that will achieve a level of 

egg production that is at least 25% of the egg production from the unexploited stock. 
2. Reduce fishing effort in the fishery. Stock assessment has indicated that yield could be maximised 

with effort reductions of 25% in the Western Zone and 50% in the Eastern Zone. 
3. Reduce recreational catch, and the commercial catch from inshore areas. 
4. Implement the research and monitoring strategy. 
5. Implement the education and extension strategy. 
6. Develop and implement an enforcement strategy for the fishery each year. 
7. Review annually the state of the resource and management of the fishery with the commercial and 

recreational fishers. 
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Stock St1·ucture and Life History 

Boundaries, stocks and areas 

The southern rock lobster (Jasus edwardsii) is found in the southern waters from th,; south-west 
Western Australian coast to southern New South Wales, including the waters around Tasmania and 
New Zealand. An overlap occurs in the western and eastern bounda.ries of the Australian distribution 
\Vifu the western. rock lobster (Panulirus cygnus) and the eastern rock lobster {Jasus verreauxi). 

There is a distinct lack of genetic variation in J. edwardsii across Australasia (Ovenden et al. 1992), 
which is primarily thought to be due to its long pelagic la.rrval life and wide larval distribution across 
Australasia (Phillips et aL 1994). The discovery of a sub-species of J, edwardsii in 1995 on a deep 
seamount in the eastern South Pacific Ocean, 4,500 km west of Jmm Fernandez Islands (Webber and 
Booth 1995), is the only known exception to the unifonnity of speciation and reflects the changes 
associated with an isolated population. Geographic variations have lead to the classification of 
popuiations according to factors such as antennae banding, size of maturity of females, migratory 
behaviour, phyUosoma abundance and puerulus settlements (Phillips et al. 1994). 

Biology and population parameters 

Growth 
Female southern rock lobster moult around mid May to mid June (Winstanley 1975) prior to mating 
and spawning. Male southern rock lobster moult 6 months out of phase from the females, around 
October - November, to ensure a hard shell for courtship and mating (Winstanley 1975). Moult 
frequency of the southern rock lobster decreases with age from 5 per year for post puerulus to l per 
year for large adults (McCoy & Esterman 1981; Winstanley 1977). The large adults also appear to 
moult more synchronously, while the smaller southern rock lobster may moult later in the season 
(MacDiarmid 1989, Treble 1996). In favourable conditions some adult populations may grow rapidly, 
requiring 2 yearly moults e.g. at Apollo Bay (Treble 1996). 

Lanai Development 
Within hours of hatching, the naupliosoma larvae moult into phyllosoma in which form they undergo 
numerous moult stages. During this period larvae can travel large distances, with little control of 
movement apart from a diurnal migration (shallower at night and deeper during the day) (Booth 1989). 
Larval rock lobster in New Zealand can spend 12 to 24 months offshore (Booth & Phillips 1994). In 
Victoria, larvae could potentially be offshore for as little as 5 months. Larval rock lobster have been 
found in large expanses of water such as the Tasman Sea and are subject to prevailing current flows 
such as the west to east current across southern Australia (Ovenden et al. 1992). 

Lesser (1978) described 11 phyllosoma stages collected from plankton samples, from the east coast of 
the North Island of New Zealand. From this work, phyUosoma were observed to grow from 
approximately 2 mm (total body length) at Stage I to approximately 25 mm (total body length) at 
around Stage IX in 12 months. Growth then accelerated to increase total body length to approximately 
45 mm by Stage XI after six months. During this development a gradual progression from shaHow to 
deeper water was observed. Stage XI is the longest phyllosoma stage, which may have the potential to 
delay metamorphosis to the puerulus stage until conditions are suitable. The mortality of the 
phyllosoma life stages appears to be very high, at around 98% from Stage I to Stage XI (Lesser 1978). 
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When t.¾e phyHosoma moult into the puemlus stage, they adopt the typical rock fob,;;ter appearance 
representing the longer benthic life stage. Puemli are capable of a directional swimming motion using 
the pleopods and a rapid backwards motion by flexing th,~ abdomen. Alter settling in water generally 
less than 40 xnetres depth, puerulus pign1entation and hardening adjustments see four post-puerulus 
moult stages before the juvenile stage. 

Reproduction 
The sexual age of maturity varies geographicaHy. For example, female southern rock lobster reach 
sexual maturity (50% mature) at 90-95 rrun carapace length (CL) in south~east SA, while western SA 
the sexual age of maturity (50% mature) is 112 - 114 mm CL (J. Prescott, SARDI, pers. comm.). The 
sexual age of maturity for females is believed to be 95 mm CL (50% mature) in western Victoria 
(Treble 1996). 

The competitive nature of male crayfish ensures that in an unexploited population only the large 
lobsters (greater than l.40 mm CL) successfully mate with females (MacDiarmid). Tne male deposits a 
spermatophore on the ventral side of the females. Shortly after mating the female exudes, fertilises and 
then incubates the eggs on specially adapted swimmerets under the tail for 3 to 4 months (MacDiarmid 
1988; McKoy 1979). Females are generally in berry from June to November depending on geographic 
location and water temperature. The reproductive potential of females increases substantially with size 
with as many as 600,000 eggs being carried by the larger females. 

The Fishery 

Main Features 
Western Zone Eastern Zone Total 

Catch (94/95) 434 tonnes 72 tonnes 516 tonnes 
Value (94/95) $13.4M $2.2M $15.6M 
Fleet 96 Licences 76 Licences 172 Licences 
By-catch Nil Nil 
Discards Lobsters killed by Lobsters killed by 

octopus octopus 

Brief History 
Commercial fishing for rock. lobsters in Victorian waters dates back more than 100 years. During the 
early decades, the fishery was based on the use of baited hoopnets (cray-rings) in shallow coastal waters 
and the commercial use of hoop nets did not cease until the 1950s. Around the turn of the century, when 
the initial impact of commercial fishing of the inshore stocks was being reflected in lower catches by 
hoopnets, the rock lobster pot was introduced. At first, pots were set in shallow waters without 
buoylines and were retrieved by long boathooks. 

Until the 1950s, the rock lobster fishers were also responsible for most of the landings of sharks and 
scale-fish from Victorian coastal waters, fishing seasonally for barracouta, Australian salmon, edible 
sharks and other species. However, after the Second World War, the rapid expansion of the overseas 
markets for rock lobsters, the growth of the Danish seine fishery off eastern Victoria, and progressive 
impacts of new technology, particularly in the location of grounds and the hauling of pots, had a major 
influence on the fishery. During the 1970s, declining barracouta catches and restrictions on the landing 
of school sharks in Victoria led to many fishers fishing full-time for rock lobster. 

During the late 1980's falling inshore catch rates saw extension of the fishing grounds in western 
Victoria into deeper water and further from home ports. A new fishery for giant crabs developed 
between Apollo Bay and Portland along with new fishing methods and gear to work the deeper water 

Rock Lobster 1996 131 



Appendix 6 

along the edge of the continental shelf. As the giant crabs are distributed over a different habitat of soft 
muddy substrates, fishermen are able to directly target rock lobsters at depths less than 100 m, or giant 
crabs at depths exceeding l 00 m using electronic fish finding and navigation equipment. Giant crab 
pots are generaliy set for four days before being hauled compared to an average soak time c,f one day 
for lobsters. 

Over 80% of the catch of the Victorian rock lobster fishery is taken west of Cape Otway, where 
extensive rocky reef habitat occurs from the shore to depths of 180 m. up to 30 n rrJks from shore. 
Betwf'-en Cape Otway and Wilsons Promontory, suitable habitat is confined to a narrow strip from the 
shore to depths of 50 m, generally up to 5 n mHes from the shore. East of ·wnsons Promontory to the 
New South Wales border, there are discrete patches of rocky reef habitat 

The major port for the Victorian fishery is Portland. Other major ports are Port MacDm:meU {in South 
Australia), Pmt Fairy, Warrnambool, Port Campbeil, Apollo Bay, QueenscHff, Newhaven, San Remo, 
Port Welshpool and Lakes Entrance. In recent years many licences have been transferred to Port Mac 
Donnell (SA) reducing the number of boats in Apollo Bay, Port Campbell and Portland. Some boats 
from ports between Portland and Lakes Entrance operate in the Tasmanian fishery, in particular around 
the Furneaux Islands and King Island. 

Anecdotal information suggests that the recreational fishery has expanded in concert with the increase 
in SCUBA diving as a recreational activity. This activity is concentrated on inshore reefs particularly 
in central Victoria adjacent to high population areas. 
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History of management strategies adopted for the nx:k fobli!tei· fishery in Victoria, 

1958 or earlier The foHowing regulations applicable to both amateur and corn..'I1erdal 
har.reste:rn have been in force since at least 1958:-

1968 

1971 

1982 

1985 

1986 

1987 

1990 

The con1.merdaJ fishery •Nas open to a!l Iketm::d Master Fisherrnen. 
Legal rnillimum lengths (LML), of 105 mn1 for females and l 10 mm for males. 
The fe,-w.le closed season from the first day of June in each year to the thirty-first day of 
October. 
The male dose season from the first day of October in each year to the thirty-first day of 
October. 

The number of boats operating in the fishery was fixed under a system of Iimi.tcd entry. 
The maximum number of pots a boat could use was set at one pot per foot of boat length, 
plus 20 pots if the fisher worked alone or 40 pots if he employed crew. 
The fishery was also divided into two zones, east and west of Longitude 143° 40' East, and 
boats were licenced to operate in a specified zone. 

An amateur bag limit of four per person per day introduced 

The pot entitlements of all western zone licences were reduced, based on a sliding scale:­
Entitlements of 10- 40 pots were reduced by 5%, 
Entitlements of 46 - 65 pots were reduced by 10%, 
Entitlements over 66 pots were reduced by 15%. 
Pots became transferable between licences within each zone. In both zones a 20% forfeiture 
of pots transferred between licences was introduced. 

A 5% pot forfeiture at each transfer of a licence 

The dosed season was extended to include the period from 1 to 15 November each year. 

The dosed season was extended to include the month of September. The closed seasons 
being from l June to 15 November for females, and from 1 September to 15 November for 
males. 

Escape gaps became compulsory in all lobster pots. 

Current management of the commercial fishery is based on limited licensing and pot numbers, closed 
seasons, minimum legal lengths and escape gaps (Anon 1994). There are 172 licence holders (76 in the 
Eastern Zone with the loss of 1 licence since last assessment of the fishery, and 96 in the Western 
Zone). The pot entitlements range from less than 10 to more than 100. There are 2,636 (average 34 per 
boat) and 5,537 (average 57 per boat) pots in the Eastern and Western Zones, respectively. The closed 
season for females is from 1st June to 15th November, and for males from 1st September until 
November 15th both inclusively. The legal minimum carapace lengths are 105 mm for females and 110 
mm for males. 

The recreational fishery is managed using the same closed seasons and legal minimum lengths as the 
commercial fishery. In addition, recreational fishers must hold an amateur fishing licence which 
entitles them to take 4 rock lobsters per day, by hand or using a maximum of two hoop nets. The use of 
spears and snares to take rock lobsters is prohibited. 

Current Situation 
Currently about 5,000 tonnes of southern rock lobster valued at $140 million is landed in south-eastern 
Australia. The Victorian component of this catch is around 500 tonnes valued at $15.6 million. 
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Victorian catch rates have fallen significantly in rec,ent years. The catch rare in the We.stem Zone 
appears to have stabilised at about 0.5 kg/potlift, but in the Eastern 7..one is continuing to decline and fa 
currently about 03 kgipotlift. 

11te development of the giant crab fishery in the Western Zone has seen some effort being directed 
away from lobsters in 1992/93. Landings of giant crabs increased rapidly to 204 tonnes in 1992-93 due 
to an increase in effort in depths over 100 m. However, foHowing the introduction of a legal minimum 
length for giant crabs, the effort at depths over 100 m de<;lined and the catch in 1993--94 was H3 
tonnes. Improvement in larided prices for southern rock lobster in recent years has resulted in higher 
levels of !obster fishing activity in periods of lower catch rates such as the Iate-aut1.mu1 and winter 
months. 

Post harvest processing and marketing considerably enhance the value of the fishery. Approximateiy 
50% of the rock lobster catch is exported to Japan, Taiwan and the USA. The remainder is sold on 
interstate and local markets. Over t.ne five yearn since 1990, peak prices (August) have risen by 
63%.Easrern ZoneWestem Zone 

Previous Assessments 

There have been few formal stock assessments of the Victorian rock lobster fishery. Yield-per-recruit 
(YPR) analyses conducted in the 1970s, and reported in 1977 (Anon. 1977), indicated that little 
increase in yield would be achieved by changing the current legal minimum lengths. The results of 
preliminary surplus production modeUing, also reported in 1977, argued that the fleet at that time had 
the capacity to exert more fishing effort than was necessary to truce the estimated maximum sustainable 
catch of 600 tonnes (Anon. 1977). More recently, tagging experiments conducted between 1976-79 
were analysed to provide growth and mortality parameters. Preliminary YPR analyses and surplus 
production modelling were conducted by the Rock Lobster Fishery Assessment Group in 1994. YPR 
analyses showed that there would be little increase in yield from increased effort. These surplus 
production models indicated that current levels of effort are greater than that necessary to achieve the 
maximum catch. A more exhaustive assessment was conducted in 1995 addressing concerns of industry 
that catch rates were artificially depressed because of increased winter effort when catch rates are lower 
on average, and inclusion of giant crab effort ie. >100 m (see below) in the assessment. 

Economic surveys of the fishery have been conducted in the 1960s, 70s, 80s and in 1996. The latter 
showed that economic performance was unsatisfactory, especially in the Eastern Zone, and that a 
considerable proportion of fishers were making negative returns to capital. The 1988 study indicated 
that the operating surplus in the Western Zone was increasing faster than in the Eastern Zone. The most 
recent study by Read and Sturgess (1996) found that fishing activity involved relatively large amounts 
of capital investment and labour costs in the Western Zone compared to the Eastern Zone. Fishing time 
has increased over the past 6 years by some 16% in the Western Zone while the Eastern Zone has 
remained static. The Western Zone fishes around 55% more than the Eastern Zone. The average 
investment on net equity was around $500,00 for the Western Zone compared to $160,000 for the 
Eastern Zone. The average level of debt for the Western Zone was approximately 24% in the West 
compared to 17% in the East The average level of boat profit for both zones decreased over the period 
93/94 to 94/95 by 37% to $49,000 in the West while the East showed a decline of 140% over the same 
period to a loss of $9,000. Since 1987/88 the West has increased its profits per pot by around 50% 
( 114 % increase in price, and 11 % increase in kg/pot) to an average of $790 per pot While the East has 
decreased its loss per pot by around 30% (114% increase in price, and 38% decrease in kg/pot.) to an 
average of$ minus 254 per pot. The return on capital for the West was approximately 8% (down from 
11 % in 1987/88) while the East had a return of -4.8% (up from -15% in 1987/88. (94/95). In summary, 
Read Sturgess (1996)found that the gap in boat profit between the two zones was widening and this was 
reflected in the prices for pot entitlements. Over the 6 year period the price for pot entitlements has 
increased by over 270% in the West compared to only l 00% in the East The difference in fish 
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abundance and fishing technology (as reflected in catch per potlift) play a large part in exp!aining the 
difference and also contribute to the greater latent effort apparent in the Eastern Zone. 

1996 Assessment 

Recent Developments 
This assessment uses preliminary results from the present Victorian study including growth (not 
separated by zon,e), fecundity, arid fishing mortality estimates. 

Methods 

Data 
Commercial Catch and Effort data 
Catch and effort data are available from 1951 to the present. Before 1978 this data was reported as 
monthly catch and number of potlifts, and since has been reported on a daily basis. Data for the period 
1978 to 1993 were examined in detail as part of this assessment The effect of fisher experience on 
catch rates was examined in detail as part of this assessment, and the following three adjustments to the 
commercial catch and effort data were made and the results used in the stock assessment models :-

1. Giant crab effort. Until recently, rock lobster fishers involved in catching giant crabs, did not report 
separate efforts directed to crabs and rock lobsters. The distribution of catch of southern rock 
lobster and giant crab and reported total effort (1978-1994) were analysed by depth and zone. For 
the Western Zone, effort was removed from the data when more than 30% of a fisher's daily catch 
by weight consisted of giant crab (effort not targeted on rock lobster). This method produced effort 
figures comparable to those used in the 1995 assessment by omitting effort at depths greater than 
100m. 

2. Seasonal shift in effort. The implications of a shift in effort to late autumn I winter were examined 
in the 1995 assessment Catch and effort data for the entire fishing season were compared to the 
November - April data. Winter effort data were standardised to equivalent "summer" (November­
April) effort when used in the biomass production models. Equivalent Summer effort for the fishing 
season = (Total season catch I Summer catch) x Summer effort) 

3. Increase in fishing power. An adjustment was made to effort (podifts) to account for a range of 
possible increases in fishing power. In WA and SA a 3% per year increase in fishing effort has 
been used to account for technological improvements. For the Victorian data, arbitrary values of 0, 
1.5 and 3.0% were applied to the biomass dynamic models. It is recognised that increases in 
fishing power tend to be stepwise as new technology is introduced and this is a factor that needs to 
be addressed in later assessments. 

4. The relationship between commercial fisher experience and catch statistics was investigated to see 
if decreases in catch rates could be due to an increased proportion of less experienced fishers in later 
years. Experience of fishers was calculated from the catch and effort data as the number of days 
fished since daily data was recorded in 1978. Participants at the workshop helped to estimate 
relative experiences of fishers at the commencement of the data in 1978. 

Recreational Catch and Effort data 
The 1995 Stock Assessment presented some preliminary, unsubstantiated estimates of the recreational 
catch. The recreational catch and effort data presented in the current assessment is based on information 
obtained from surveys conducted during the 1995-96 fishing season. Models for the Eastern Zone were 
run with a recreational component, however the Western Zone models were run without a recreational 
component as the estimated recreational catch was only a small proportion of the total catch. 

Rock Lobster 1996 135 



Appendix 6 

Commercial Length Frequency and Growth Data 
Length frequency data has been collected at Portland since 1963 and this data was available for 
analysis. Data for several other Victorian ports has beer1 coHected en an ad hoe basis since the mid 
60's hut is not yet available in au electronic form for analysis. 

Data QualitJ 
Conunercial catch and effort data used for this assessment (1978-95} v~xies in quality. Since the last 
stock assessment workshop, much effort has been directed to checking this d;;.ta for errors in key 
punching and for gross errors in the data by running various range ~m<l ratio checks (e.g. average 
weights). This data validation process has been complett>.d for the 1994-95 season back to 1986-87 and 
is continuing. The majority of errors detected have occl..lITed in the interpretation of the ret,m1, mistakes 
in key punching or calculations prior to key punching. These errors are more likely to be a problem 
when the data is used at a high resolution ratl1er than the yearly sum.maries by zone used in this 
assessment. 

Analytical technUJuts 
Recreational diving surveys 
Three different approaches have been taken to assess the amateur catch of southern rock lobster in 
Victoria: 

1. Dive shop questionnaire. 

2. Charter boat/ dive club and personal log books. 

3. Fisheries and Wildlife Officer (fWO) interview cards. 

The dive shop questionnaire was conducted as a random survey of SCUBA airfiH outlets in Victoria. 
The information collected was used to represent the recreational SCUBA activity throughout the state. 
The charter boat and dive club log books weredesigned to obtain volunteer amateur catch and effort 
information over a long period. The interview cards (collected by the Fisheries and Wildlife Officers) 
were obtained from several Department of Natural Resources and Environment (DNRE) coastal 
regions. These interviews were site specific and targeted divers involved in the harvest of rock lobsters 
or abalone (Millar 1996). This survey included data on illegal activities not represented in either of the 
other surveys. Each survey method collected data on effort, catch, diver experience and dive locations 
(Table 3). For the purposes of this assessment only the information collected from the dive shop 
questionnaire and the FWO interviews were used to estimate the recreational catch. The other surveys 
will be used in analysis of longer term trends and were not random and could not be related to available 
SCUBA air fill data. 

Dive Shop Questionnaire 

The primary aim of the dive shop questionnaire (Appendix A) was to analyse the relative numbers of 
divers targeting southern rock lobster (or abalone) and to obtain an estimate of the respective catch per 
unit of effort of divers in Victoria. It provides tangible information on the methods, locations, diving 
patterns and catch success along the Victorian coastline. The survey was structured to enable direct 
comparison with commercial catch and effort information. 

The questionnaire was distributed at random to twelve dive shops per month during the 1995-96 fishing 
season (results presented from November 1995 to April 1996). AU shop managers (Total of 41) were in 
support of the survey and agreed to participate. Shops were divided into three distinct groups based on: 

l. Popularity (size of club, turnover, reputation). 

2. Location - sampling a high proportion of divers at key sections of the coast. 

3. Value - value of shop location and need to sample in different areas (e.g. if only 
one shop in BaHarat it would be given a higher priority then if there were two). 

The combination of these three classifications provided an averaged value for each of the shops from 
one to three. The highest ranking shops were sampled more regularly and weighted accordingly. 
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Appendix B shows the schedule designed for the shcp selection with the shop name and the 
corresponding month of selection. 

The managers and staff of the dive shop were instructed to hand out the questionnaire to aU divers 
requesting an airfiU irrespective of the dive purpose (ie. targeting rock lobster or not). By targeting 
those divers requesting an arr fill the information obtaine,d by a Dive Vi<;toria study of 1993-94 could 
be incorporated to estimate the total possib!e diving effort in a yea,. 

FwO interview cP.rds 

A small interview card (Appendix C) was re-designed from previous cards developed by DNRE Colac 
and distributed to accommodate both the enforcement and research information requirements. FV/0 
interview cards were distributed to all coastal DNRE Offices for use on regular patrols for divers and/or 
hoop-netters exiting the water. Interviews were random and as such contained biases that prevent 
extrapolation to the whole of the Victorian population. The FWO interviews provide information on 
the catch of the unaffiliated (and also the illegal) sector of amateur rock lobster fishers. Due to the 
enforcement nature of the FwO interviews, the results obtained are expected to represent the maximum 
potential catch rate of the amateur fishery. This information is being used to monitor the intensity and 
location of diving, hoop netting and hookah fishing effort at popular dive locations. Collection of this 
information over an extended period will provide valuable length frequency and catch success 
information for aU methods of amateur rock lobster fishing as well as identifying any changes in 
preferred fishing methods. 

Growth 
Preliminary growth estimates were obtained from the present tagging study as well as the 1976-79 
tagging experiments using Fabens (1965) method of fitting the von Bertalanffy growth curve with SAS 
non-linear estimation software. 

Mortality 
Length frequency data for the three periods 1963-67, 1980..86, 1990-96 from Portland were examined 
using length-converted catch curve analysis (Pauly 1983, 1984a, 1984b) to estimate total mortality. 

Fecundity 
During the 1995 egg-bearing season 150 egg samples were collected from berried females, dried, and 
counted by sub-sampling. Fecundity estimates were transformed using natural logarithm and a linear 
regression applied to the data to estimate the carapace length / fecundity relationship. 

Per recruit analysis 
Yield- and egg-per-recruit analyses were conducted using estimates of growth, mortality and fecundity 
derived from the current research program. These analyses were used to investigate the effect on yield 
from reductions in fishing effort and to estimate the current level of egg production. These analyses 
were performed using a spread-sheet (Excel Version 5) applying three values of natural mortality (0.10, 
0.15 and 0.20). The previous assessment (Hobday and Smith, 1995) used a natural mortality value of 
0.2 which may be too high given results from Tasmanian research where a value of0.1 has been used in 
this type of analysis (Kennedy 1992). 

Biomass dynamics models 
Two types of biomass dynamic models, the Integrated Fox (Fox 1970) and GuHand (Gulland 1965) 
models, were applied separately to a set of catch and effort data for the Western Zone and Eastern 
Zone. Effort was adjusted to summer equivalent. Various scenarios were examined using a cumulative 
weighting of effort between 1978 and 1993 of 0%, 1.5% and 3.0% for technological improvements or 
increased fishing power. To account for recreational diving, the Eastern Zone recreational catch was 
increased over the past 10 years from zero to the values estimated in the recreational survey (see 
recreational survey results) and added to the commercial catch. The commercial effort was increased 
proportionally each year by adding the equivalent commercial effort required for the recreational catch. 
The equivalent commercial effort was obtained by dividing the recreational catch for a year by the 
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commercial CPUE for that ye:c:r. The catch m,d effort data used in the .models therefore represented the 
combined commercial and recreational fishery. 

Age structured model 
A preliminary age-stmctu::ed model was used to assess the outcom:c: of changes in fishing effort in the 
W estem Zone, Since the last assessment, u"lis roodei has been improved by the incorporation of 
Victorian growth and fecundity parameters and by separation of the sexes in the caku!ations. 

fiesu!ts 

Industry Persputives 
Commercial 
There was a general concern from the com.'Tiercial sector regarding the state of the stocks of Southern 
Rock Lobster in Victoria. The trends of declining catch with increasing effort (declining CPUE) were 
supported along '>vith the need to fish more distant grounds. The technical efficiency of fishers has 
increased with the introduction of black and white sounders and radar during the 50's and 60's, bottom 
locked sounders in the mid 70's, colour sounders and satellite navigation in the early to mid 80's, global 
positioning systems (GPS) in the late 80's, and GPS plotters in the late 80's to early 90's. The 
advances in sounder technology have enabled fishers to locate new fishing grounds and the significant 
improvements in position fixing by GPS have made returning to a particular fishing location possible 
and repeatable. There has been a trend, particularly in the Western Zone to bigger and faster boats and 
a shift to operating out of ports further to the west. Increased effort in the Western Zone was initially 
directed into new grounds and initially allowed time for areas to rebuild between fishing. More 
recently, further expansion of grounds has been limited and the increased effort has been directed to 
repeated fishing of grounds, resulting in decreasing size range in the catch because the localised 
populations do not have time to rebuild. The introduction of escape gaps has been effective in reducing 
the number of undersize lobsters in pots. The economic pressure on fishers needing to service loans has 
increased effort in the fishery, particularly among new fishers who have had to borrow to buy into the 
fishery. The higher effort and lower catch of the inexperienced fishers are influencing the catch and 
effort trends, particularly in the Eastern Zone. Uncertainty in management direction, including the 
possibility of quota, have led to the potential of some fishers to change the way the catch and effort 
information has been supplied. 

The impact of recreational fishers, particularly in the Eastern Zone, is believed to have increased in the 
last 10 to 20 years. Concerns were also expressed for the lack of consideration of other potentially 
damaging impacts of agricultural and industrial waste on near shore lobster stocks. 

Recreational 
Recreational divers generally support the observations from the commercial sector of a decline in rock 
lobster populations to the extent that many consider seeing a crayfish on a dive to be fortuitous, rather 
than normal as in earlier days. Although the number of qualified divers is high, the number of skilled 
divers is limited, with a very high turnover of participants. Recreational divers can be divided into 
three groups, firstly those who are not interested in catching lobsters at an and dive for other reasons; 
secondly, those who used to seek lobsters but now don't because the low catch rates do not justify the 
effort; and thirdly divers actively seeking lobsters. The third group find that they need to expend more 
effort and dive further afield in order to catch lobsters, and generally expect to fail to catch the daily 
bag limit of 4 lobsters. Fisheries and Wildlife Officers suggest that many divers are still taking their 
bag limits and are now willing to talce more risks to do so. The recreational divers sampled by Fisheries 
and Wildlife Officers may not represent the majority, but they appear to be more successful and are 
therefore representing the serious divers with the sole purpose of catching rock lobster. 
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Commercial Catch aml Effort data 

Western Zone 
In the Western Zone, the number of days fished per fishing seJ>son ·was relatively constant between 
1978-79 and 1988-89. The number of days increased until 1992--93 and has since stahilise...d (Figure 1). 
The increase in the number of days fished in the fate 1980',; was initially directed to depths of kss than 
20 fathoms a.rid more recently also in 20-40 fathoms (Fig11re 2). The maximmn Western Z,0.ne catch of 
534 tonnes was recorded during the 1979-80 fishing season {Figure 3, Table 1). Following this, effort 
and subsequent catch dedjned over 3 years stabilising until 1988-90, after which effort increased 
steadily to around 780,000 potlifts with catch failing to increase and has srabilised over the past three 
years at around 430 tonnes. The average weight of lobsters iii the Wesl:em Zone prior to the mid 80's 
was around 1 kg but since ihen, increasing effort has driven the average weight below lhis level (Figure 
3). The distribution of effort by monlh in recent years shows a smaH decrease in the percentage of the 
year's potlifu in De-.,cember -- February and a large increase from May - August (Figure 7). 

Eastern :ZOne 
The number of days fished per fishing season in the Eastern Zone showed a decline until 1987-88 and 
then increased between 1993-94 and 1994-95 (Figure 1 ). The increase in the number of days fished 
since the late 1980's was initially in 10-20 fathoms depth followed two years later by an increase in 
depths less than 10 fathoms (Figure 4). The average weight of lobsters caught in the Eastern Zone has 
been greater than 1 kg except for several years in the late 80' s when large numbers around the legal 
minimum length have been reported anecdotally (Figure .5). The maximum Eastern Zone catch of 
around 130 tonnes was recorded during the 1978-79 fishing season and has declined to around 70 
tonnes (Figure 5, Table 2). Effort increased until 1982-83 and then declined until 1987-88 possibly 
reflecting effort diverted to other fisheries such as shark during this period. Effort has since increased 
steadily without a corresponding increase in catch and has shown some sign of stabilising during the 
past 2 years at around 250,000 potlifts. Little change has been seen in the proportion of winter effort 
prior to the early 1980's, but in recent years effort during April - July has doubled, and August effort 
has also increased (Figure 9). 

CPUE 
Catch per unit effort (CPUE, kg/podift) in the Victorian lobster fishery has shown a steady dedine from 
2.5 kg/potlift in the 1950's (Hobday and Smith, 1995) to a relatively stable level around 0.8 and 0.7 
kg/potlift in the late 70's and early 80's in the Western and Eastern Zones respectively (Figure 6). 
CPUE then declined steadily in both zones until 1990-91 stabilising in the Western Zone at around 0.55 
kg/potlift. The Eastern Zone CPUE continued to decline until 1992-93 and appears to have stabilised 
around 0.3 kg/potlift over the past three years. Monthly Western Zone catch rates are very similar to 
those in 1985-88 with the exception of August when CPUE has been reduced by half {Figure 8). In 
contrast, Eastern Zone monthly catch rates have been reduced by 30 - 50% in all mont.lis (Figure 10). 

Effect of experience 
The distribution of experience (days fished since 1978) was markedly different in the two zones. The 
Western Zone fishing was dominated by the more experienced categories with newer entrants to the 
fishery a minority (Figure lla). In contrast most fishers in the Eastern Zone belonged to the less 
experienced categories (Figure 1 la), probably reflecting the lower entry cost to this fishery. 

The average number of potlifts generally increased with experience category in both zones, with more 
variation in the Eastern Zone of high experience categories (Figure 11 b ). The average individual total 
catch in the Western Zone for the <200 day experience category was much lower than the remainder of 
fishers, reflecting the fewer number of podifts by this group (Figure 11c). In the Eastern Zone, the 
average catch in the <1000 day experience categories were similar, with the most experienced category 
higher and more variable, reflecting the more part-time nature of some fishers in the Eastern Zone 
(Figure 1 lc). 

Rock Lobster 1996 139 



Appendix 6 

Catch per unit effort of the top 3 experience categories in the Western Zone has shown no tnm<l over 
the past 5 seasons whereas !he Eastern Zone CP{JE declined betvveen 1990-91 and 1992-3 and then 
stabilised during the past 3 season (Figure 12). 

Dive Shop Questiomiaire 
A total of 283 iiuestionnaires were received from November 1995 to Ap1il 1996. The infrnmation from 
L'lese questionnaires was used to estimate the catch rate cf divers determined by averaging cf the 
sun1me-d catch per dive for every diver. 

The number of rock fobster seen by divers, in any particular month, exceed thDse caught by a magnitude 
of 4 to 15 times (Figure 13). The pattern of sightings of rock lobsters increased in December and 
January, decreased in February, and again increased in March and April. 

The recreational catch and effort analysis was divided into the same zones as the comrnercial fishery. 
The proportion of dives conducted in the eastern and Western Zones was calculated according to the 
dive locations listed on the questionnaire returns. The number of dives reported by the dive shop 
questionnaires for the Eastern Zone was 71 % of all dives, while the remaining 29% of dives were 
conducted in the Western Zone. 

The dive shop questionnaire information was linked to an estimate of the number of SCUBA airfills in 
Victoria conducted by Dive Victoria (affiliated to Dive Australia). A figure of 80,000 dives was 
established for the 1993/94 financial year (W. MacDonald, Dive Victoria pers. comm.}. There have 
been no subsequent SCUBA airfill estimates since this study. We conducted a survey of 20 major dive 
shops and clubs in the state which indicated that diving activity had declined since 1993/94 and 
estimates of SCUBA airfills for subsequent years were adjusted accordingly from the 1993/94 airfill 
survey to 70,940 in 1994/95 and 67,880 in 1995/96. The catch per zone was calculated using the 
proportion of dives in each, the catch rate in each zone and the projected total number of dives for 
1995/96 (Figure 15). 

Size and sex data from the recreational catch recorded by the FWO interviews were analysed to 
determine the length frequency and average lengths of recreational catch (Figure 14 ). The results 
clearly indicated that divers target larger rock lobster which invariably result in the capture of large 
males. The catch of male rock lobster represented 76% of the recreational catch in the FWO interviews. 

The majority of female rock lobster caught were relatively small (106 to 116 mm CL), while the males 
captured are from a larger size range with a higher average weight The average weight of females 
caught was 0.840 kg and the average weight of males caught was l.360 kg. To calculate the weight of 
the recreational catch by sex and by zone, the number of rock lobster caught was multiplied by the 
proportion of expected catch of males to females (76% : 24%) and the average weight of males and 
females (1.36 kg, 0.84 kg) (Figure 15). 

The catch rate determined for the Western Zone was 0.38 lobsters per dive while the catch rate for the 
Eastern Zone was 0.12 lobster per dive. The surveys have shown that divers in the Western Zone are 
generally more experienced and target rock lobster to a greater degree whereas diving activity in the 
Eastern Zone has a larger emphasis on passive diving activity and contains a greater proportion of 
inexperienced divers. The resulting catch for males, and females was larger in the Western Zone despite 
the much lower proportion of dives (Table 4). The total recreational catch in the Western Zone of 9.2 
tonnes represents approximately 2% of the commercial catch, while the total recreational catch for the 
Eastern Zone of7.1 tonnes represents 10% of the commercial catch (Table 4). 
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Fisheries and Wildlife Officer interview survey 
The catch estimated from the dive shop questionnaire may represent minimal values because private 
compressor owners, snorkel divers, hookall divers and iliegai operntors were not sampled (this view 
was not supported by the Recreational sector). The FWO interviews sample actual recreational diving 
activity and may therefore be used to provide another estin1ate of the recreational catch rate which 
would include a sample of the illegal catch. Ti,,.:: FWO catch rate for the We,,:tem Zone was derived 
primarily by the Fisheries and Wildlife Officers of the Coiac region, and contains interviewa of amateur 
fishers exiting the water from Apollo Bay to Peterborough during enforce:ment activities. 

The FVlO catch rate for the Eastern Zone was calculated by assuming t.!Je same comparative increase in 
catch rate from the expected minimal catch rate determined by the questionnaire (i.e. LS times the 
minimum catch rate). The estimated catch per dive was 0.22 and 0:10 lobsters per dive in the Eastern 
and Western zones respectively (Table 5). Preliminary results from FVlO interviews conducted in the 
Eastern Zone suggest that a catch rate of 0.22 lobster per dive would not be excessive. Furllier work 
wm continue to obtain definitive estimates of the FWO catch rate for the Eastern Zone which can be 
used as an estimate of the actual catch :rate. 

Commercial Length Frequency Data 
Length frequency data showed a marked shift to relatively smaller lobsters for males in the Portland 
catch. During the period between 1964 and 1976, the proportion of lobsters greater than 170 mm CL 
was reduced (Figure 16). Since 1976, there has been a depletion of individuals greater than 155 mm 
CL and a reduction in the proportion greater than 135 mm CL (Figure Hi). 

Analysis of Portland length frequency data using length converted catch curves estimated fishing 
mortality for males to be constant, and decreasing for females since the 60' s (Table 6). These estimates 
are much lower compared with those around Cape Otway using the Change-in-ratio method (R. Treble, 
Appendix D), and the decreasing estimates for females and constant estimates for males over time do 
not fit cmwnt expectations of increasing fishing mortality over time. This analysis is sensitive to 
growth parameters and variation in size frequency between areas fished (e.g. Treble 96). More work 
needs to be directed towards this analysis before the next assessment. 

Growth.Data 
Estimates of growth for each sex varied widely by zone and between the present and 1970's tagging 
studies (Table 7). It is expected that these differences will be reduced as more recaptures are received 
from the present tagging study. For this assessment, an average growth curve for each sex was fitted by 
eye to the various growth estimates, and these were used in the yield, egg per recruit and age structured 
model assessments (Figure 17). 

Fecundity 
Fecundity was found to increase non-linearly with carapace length according to the relationship:-

N = 17051 x e(0.023 x CL). N = number of eggs 

Within the range of females most commonly caught, this relationship agreed weH with similar work in 
Tasmania (Figure 18, Kennedy 1992), but was higher for larger lobsters. More samples will be taken 
this winter to better define the relationship in larger females. 

Stock Assessment Analysis 

Biomass dynamics models 
The Integrated Fox model was investigated in this assessment as it provides a more realistic fit at higher 
levels of fishing effort than the GuUand model. However, it foiled to fit the Victorian data for either 
zone. The Gulland model (Gulland, 1965) provided a better fit to the Western Zone data (R2 0.6 - 0.8) 
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than for the Eastem Zone (R2 0.5 - 0.7) (Table 8). The maximum sustainable yieid (MSY) for the 
Western Zone was estin:1ated at 419 - 437 tonnes with a corresponding effort of 562 - 603,000 potlifts 
depending on the weighting of effort for increases in fishing power due to technological improvements. 
Similarly, the Eastern Zone MSY ranged from 114 ·· 123 tm:mes at efforts of 155 ·· 183,000 potiifts 
assuming a recreational catch of 7 tonnes, and 116 - 183 to:.mes (161 .. 196,(X)() potlifts) with a 
re,ereationat catch of 14 tonnes. Th,;, reduction in current effort required to maximise yield in the 
We.stem Zone was estimated as 10, 29 or 37% assmrJng a fishing power increase of 0, 1.5 and 3% per 
armurn over the last 10 years respective!y (Table 8). In the Eastern Zi:me rech:ctions in current effort to 
obrain maximu.,1 yield were estimated at 36, 45 or 50% (Table 8) with 0, LS and 3% effort weighting 
respectively and a 7 tonne recreational catch. Similarly, Eastern Zone effort reductions assuming a 14 
tonne recreational catch were 39, 45 and 51%. These estimates were slightly higher for the Western 
Zone and unchanged in the Er,:,tem Zone compared with those reported in the 1995 assessment 

Per recruit analysis 
The yield per recruit analyses estimated that maximum yield would be achieved at a fishing mortality 
between 0.2 and 0.3 for females, and 0.1 to 0.2 for males (Figure 19). The yield of males for a given 
fishing mortality was greater than that for females because of the difference in growth rates between the 
sexes. If the current level of fishing mortality is conservatively assumed to be 0.4, the maximum gain in 
yield by reducing effort could be around 10%. 

The theoretical egg production for a fishing mortality of 0.4 was estimated to be 6%, 11 % and 19% of 
that of the virgin population for natural mortalities of 0.1, 0.15 and 0.2 respectively. These estimates 
all fall below the management target of 25% of virgin egg production and are cause for concern. If 
fishing mortality was reduced from 0.4 to 0.3 (assuming a natural. mortality of 0.15), a 21 % dse in egg 
production would result increasing the percent of virgin egg production from 11% to 14%. These 
estimates use a size at onset of maturity (SOM) determined for Apollo Bay (Treble 1992, 1996) and 
uncertain values of fishing mortality and require further refinement. 

Age structured model 
Since the last assessment, this model has been improved by using Victorian growth and fecundity 
parameters and by separation of the sexes. This improved the fit of the model to historic W estem Zone 
catch data, but predicted catches were much higher than the reported during 1968-72 and 1989-94 
(Figure 21). The model showed that a reduction in Western Zone effort of 30% over 5 years would 
initially reduce catch by about 20%, but it would then stabilise at around 420 tonnes per annum. 

Uncertainties 

The growth parameters used in yield- / egg-per-recruit and age-structured models are derived from 
ongoing research and will be further refined by the next assessment with the aim of providing 
parameters separated by zone. There is also a lot of uncertainty about natural mortality and the current 
levels of fishing mortality. 

The models are sensitive to the effort statistics used, and the rate at which fishing power has increased 
in recent years is difficult to quantify. It is also not known whether excessive commercial and 
recreational effort, particularly in the Eastern Zone and inshore Western Zone, is causing competition 
between gear and/or between the recreational and commercial fisheries. 

Management Implications 

The current results are similar to the 1995 assessment with respect to predictions concerning effort 
reductions required to achieve maximum sustainable yield, but are much more pessimistic concerning 
the current level of egg production. The effect of local recruitment resulting from Victorian egg 
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production is unknown, but the south east fishery must be corrniderr,d as 2 whole and each state shouM 
be responsible for maintaining suitable levels of egg production. Effort reductions would provide 
benefits to the Victorian fishery hy increasing egg production, increasing long term yield, and 
improving the econm-Pics of fishing. The principai behind these benefits is that with less effort, a 
proportion of the lobsters that are currently caught would not be removed from the population an.d rriay 
moi.dt to a larger size before being caught. Reducing fishing mortality would provide the potential to 
irn:rease total yield by 8% and egg production wo1.dd im::reas,:;. 

Estimates of CPUE in the Western Zone indicate that the fishery has stabilised in re",eent years. The 
management target of a 25% reduction in effort remains appropriate given the similarity of the 
estimates to the previous assessment and the reduction of the upper limit from 51 to 37%. The age­
structured model suggests that following the targeted reduction in effort, once the fishery has stabilised, 
catches dose to current levels could be maintained. 

CPUE appears to have stabiHsed in the Eastern Zone. The revised estimates for the percentage 
reduction in effort to achieve maximum catch, 36-50% are consistent with the 50% management target. 
There may be some scope for a downward revision of this target given the stabilisation of CPUE, but 
given the poorer fit of the Eastern Zone data to the biomass production model, it would be wise to 
remain at the higher limit of the predicted reduction. It is important however, that any reduction in 
effort in both zones must be applied to both the commercial and recreational fisheries. 

Future assessment of the recreational fishery is complicated by the unlimited and unregistered access of 
divers in the fishery. Currently the only requirement of a recreational rock lobster fisher is an Amateur 
Fishing License (AFL), which can be obtained at a large range ofretail outlets. In 1993-94 an estimated 
l 00,000 licenses were sold, with no detail of where or to whom. The number of rock lobster amateur 
fishers could be estimated generously at around 10,000. Any attempt to obtain recreational catch 
information from such a small range people in the total Victorian population would be difficult. A 
statewide phone poll or the introduction of a rock lobster endorsement on the AFL are two of the most 
promising options that may provide the data required. 

Research Needs 

• More detailed biological information and estimates of population parameters across Victoria are 
necessary to reduce uncertainty in the assessments. Expansion of current on-board measuring by 
MaFRI and commercial fishers is of high priority to provide data for future length - based 
modelling. 

1t Monitoring of puerulus and pre-recruits as an index of recruitment variability should be continued. 

• The stock structure of southern rock lobsters is unknown although they are currently managed as if 
the resources of each state were separate stocks. The implications of this are for recruitment; 
particularly whether the South Australian and Tasmanian fisheries could impact on recruitment to 
Victoria. 

e A high priority for research is to continue monitoring of the recreational catch. 

111 There is a need for a more sophisticated analysis of catch and effort data to provide estimates of 
changes in fleet dynamics, including fishing power a."ld gear competition. The spatial changes in the 
fishery should be analysed using GIS methods. 

61 Further work is required to reduce uncertainty in the models. 
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Catch, effort (giant crab effort not iuc!uded) and CPUE data for the Western Zone for 
fishing seasons (year commencing November) between 1978 and 1994 for the complete 
season and for sumrner (November - April). 

613768 
587425 0.88 
538814 0.77 431600 0.85 

543110 0.72 345274 424480 0.81 
344886 545999 0.63 286267 406118 0.70 
335244 568240 0.59 291830 439551 0.66 
332452 531340 0.63 297080 427006 0.70 
285139 538426 0.53 243074 407319 0.60 

625096 0.51 280241 457688 0.61 
639474 0.49 255192 452665 0.56 
696757 0.58 335599 498398 0.67 
755234 0.53 327413 524356 0.62 

444079 741846 0.60 371550 509393 0.73 
433478 778784 0.56 353599 513352 0.69 

*Years begin November 

Table 2 Catch, effort and CPUE data for the Eastern Zone for fishing seasons (year commencing 
November) between 1978 and 1994 for the complete season and for summer (November 
-April). 

Eastern Zone 
Entire Season Summer 

year* Catch Effort CPUE Catch Effort CPUE 
(kg) (podifts) (kg) (ootlifts) 

78-79 134840 186407 0.72 106108 137730 0.77 
79-80 109820 157772 0.70 88802 117854 0.75 
80-81 121655 171208 0.71 99289 127640 0.78 
81-82 124395 180836 0.69 103121 136710 0.75 
82-83 133526 198951 0.67 104019 138527 0.75 
83-84 125526 209691 0.60 100882 151586 0.67 
84-85 104404 183720 0.57 90775 145232 0.63 
85-86 89418 167626 0.53 74574 128039 0.58 
86-87 78912 143206 0.55 63974 110324 0.58 
87-88 67754 124781 0.54 60047 99165 0.61 
88-89 64091 143972 0.45 52692 106895 0.49 
89-90 85369 191267 0.45 71432 147524 0.48 
90-91 70848 164101 0.43 56303 123168 0.46 

91-92 65127 173940 0.37 51809 123916 0.42 

92-93 66486 212530 0.31 50341 139763 0.36 
93-94 79120 253948 0.31 64295 178935 0.36 
94-95 71695 244794 0.29 57484 176961 0.32 

*Years begin November 
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Table 3 The information characteristics of each of the three survey types (Data from Nov. '95 - April '96) 

!INFOR~TION I SURVEY METHOD PLOYED-----, ------~------.-+ --------COLLECTED ire, ___ _..Y olu9!teer l~--~.;...::...;.,;...,;;O....;i;;:;n;.;;.te;.;;.r.;..vi;..;;e..;.w_c;;.;a;.;;.r.;;;ds;;_ __ -:1 
· Number of · 1 pe:r form • 1.30 per dive - 1 ... 5 per card 

people surveyed - 283 forms - 63 rt!tur11s - 202 cards from 1.0194. I 
------· -· -· ~------· to 8 dives per return) i ----·--·--1·~~~.;.: . ..;; .. ..;:;;;;..;,,;;,;;.;;;.:.;.;:..;;;;:;,;;;;;:;:;;,:...._._,,+ _________ , --·1· 

Effort Estbm.tes - monthly number of &ves .. no. in group - no. in group 
- average dive time - dive purpose - dive purpose 

I -% of dives targeting rock - dive time - dive time 1,
1 

_________ I_o_b_st_e_r __ , ..L:. % _e_ffi_o_rt_· o_n_RL ______ .,._, __ , __________ __ 
Catch Estimates - no. RL catch 1 - size, sex and no. of RL - size, sex and no. of RL 
~si htin s - no. and de th of sightings -·-1---------·------1 
Catch Efficiency I -~~v~~-:~perience ·· weather/diving conditions - weather/diving conditions 

- no. ears divin for RL - diver ex rience - diver e ·ence 
Dive Location - site, access and depth of - site, access and depth of - site and access of RL habitat 

Abafone 

Additional 
Information 

RL habitat dives RL habitat dives 
- % dive time None 
- Green and Bladdip catch 
- ears divin for abalone 
- no. dives in 1994/95 - % divers targeting RL 
- seasonality in 1994/95 
- dive method/site access 
-club membership 
- personal log recruitment 
- anecdotal information 

Table4 Recreational catch estimates using Dive Shop Survey data. 

CATCH RATE CATCH 
(lobsters per dive) Number of Weight of Weight of 

Lobster males (K2) females (Kid 
Dive Shop East 0.12 5783 5977 1166 

Estimate !West 0.38 7480 7732 1508 

Table 5 Recreational catch estimates using FWO interview data. 

CATCH RATE CATCH 
(lobsters per dive) Number of Weight of Weight of 

Lobster males (K2) females (Kg) 
FWO East 0.22 10603 10671 2138 

Estimate West 0.70 13780 14243 2778 
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- catch and size of Greenlip/ 
Blacklip 

- dive method/site access 
-club membership 
- personal log recruitment 
- regulation knowledge 
- possession of AFL 

Proportion of 
commerdru catch 

-10% 

-2% 

Proportion of 
commercial catch 

-18% 

-4% 
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PorHimd 

Sex 

Male 
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Results of length converted catch curve anaiysis, providing estimates of fishing mortality 
at Portland for t!:m~e time periods. (Natural mortality assumed to be (U) 

0.44 0.03 

r-·-·------ . . . ----- -----·--7 I 1963-67 I 1980-86 96 I 
f ·- ·-------.-~·-·-·--·---.-------,----·-·i F Std Error R square Std Emir j R square F I Std Error R square ! 

·-··-·-·---l--·---+----i-----1'· , I 
0.89 

-----~------·-t-< 
! o.96 i 0.44 I o.os o.73 ·-7 

. , ' 0-,3--2 ·r,I (l·.~----,----·--7· Female 0.46 0.04 0.89 I 0.97 _ VL. 

'--------' 'fab!e7 Results of Von Berta!anffy parameter estirnation where time at liberty > 10 days ai:d 
growth increase> -3 rru11.. 

-· -- ------- . 
Tagging Sex Western Zone Eastern Zone 
Study L. K r ._, . K 
1990's Male t59.86 ± 3.99 0.298 ± 0.034 162.80 ± 11.12 0.297 ± 0.103 
1970's Male 179 .46 ± 1.96 0.200±0.011 192.92 ± 11.73 0.180 ± 0.030 -Both studies Male 203.30 ± 6.95 0.145 ± 0.012 192.30 ± 10.81 0.180 ± 0.020 

1990's Female 159.50 ± 13.42 0.102 ± 0.028 142.29 ± 3.790 0.185 ± 0.024 
1970's Female 117 .68 ± 0.9.50 0.307 ± 0.019 123.22 ± 1.130 0.226 ± 0.013 
Both studies Female 120.00 ± 0.256 0.282 ± 0.009 119.77 ± 0.163 0.258 ± 0.007 
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T2bic 8 Results of biomass dynamics modelling of Victorian Southern Rock Lobster during 
1964/65 .. 1994/95 

Methods: GuHand. 

Syn1bo!s: E =effort, r = stock growth rate, q :.""; catchability, B ::;; Biomass, !t-1SY:;.: 1nr1ximum 
m1stainabfo yield, EMsv.= effort required for MSY, Ectm} =effort.in 1994-95. 

Assumptions: During 1973fl4-19?7/78 missing data substituted with catch"" 403 tonne:::. and annual 
CPu£ ""' 0.8 pa. 

Effori:: Standardised as comn1ercia! equiva!ent Nov--Apr effort. 

Cmmnercial effort weighted 1% pa during 1978/79-1993/94 in Eastern Zone for 
recreational diving. 

Weighted 0%, L5% & 3.0% pa (Wt E) during 1978/79-1993/94 for technoiogica! 
improvements. 

Western Zone 

Results Commercial Nov-Apr & No Recreational catch Su.mmer Equiv Effort 

Adjusted R 5{1 Effort Weight qB +!- se q'/r +/· ire MSY E(MSY) E(l994) % 
Technology% Tonnei; Reduction* 

0.63 0 l.489912 0.094007 -0.00132 0.000183 419 562 629 10.7% 
0.76 L5 1.506243 0.076027 -0.00134 0.000135 425 564 790 18.6% 
0.82 3 1.448769 0.063463 -0.0012 0.000104 437 603 950 36.5% 

Eastern Zone 

Results 7 tonne REC Catch 

Adjusted R sq Effort Weight qB +/· se q'/r +/· se MSY E(MSY) E(l994) % 
Technology% Tom:ies Reduction 1 

0.50 0 l.4653996 0.135026 -0.004728 0.000851 114 155 242 36.0% 
0.63 L5 1.4222172 0.104494 ·0.004283 0.000597 118 166 304 45.4% 
0.67 3 l.3422313 0.088281 -0.003659 0.000458 123 183 366 50.0% 

14 tonne REC Catch 

Adjusted R S(I Effort Weight qB +f. se ,1:,,.2/r +/-se MSY E(MSY) E(1994) % 
Techoology% Tonnes Reduction 11 

0.55 0 1.4406585 0.11911 -0.004478 0.000733 116 161 264 39.0% 
0.62 L5 1.3978484 0.101265 -0.004102 0.000581 119 170 309 45.0% 
0.67 3 1.2891059 0.082653 -0.003285 0.000415 126 1% 398 51).8% 

11 Reduction in current effort required to maximise yield. 
Note for the Eastern Zone, the standardised effort includes a recreational component 
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Rock Lobster·· Days fished per year 
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Figure 1 

78·8 79-0 80·1 81 ·2 82-3 83-4 84-5 85-5 86-7 87-8 88·9 89-0 91M 91 ·2 92-3 113-4 94·5 

Year 

Distribution of effort (days fished) by zone for the fishing seasons (year commencing 
November) between 1978 and 1994. Dotted line represents maximum possible days in 
the Western Zone assuming 60% of days in season fishable. 

Rock Lobster - Days fished per year by Depth 
Western Zone • target = Lobster 
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Distribution of effort (days fished) by depth (fathoms) in the Western Zone for fue fishing 
seasons (year commencing November) between 1978 and 1994. 
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Figure 3 
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Catch and effort (excluding crab effort) in the Western Zone for entire fishing 
seasons (year commencing November) between 1978 and 1994. 

Rock Lobster - Days fished per year by Depth 
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Distribution of effort (days fished) by depth in the Eastern Zone for the fishing seasons 
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Error bars represent 95% confidence limits. 
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Figure 13 Number of rock lobster seen and caught by recreational. divers as reported from the dive 
shop questionnaire (Nov. '95 - April '96) 
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Figure 15 Calculation of the total recreational catch per zone. 
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Figure 16 Length frequency for male rock lobsters sampled at Portland during three time periods. 
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A,Hi,m,fix C Fisheries and ¥/Hdlifo Officer interview card 
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Appendix D Summary of presentation at the workshop by Rod Treble, Department of Zoology, The 
University of Melbourne. 

The southern rock lobster (Jasus edwardsii): Fisheries biology and abundance estimation. 

Sum.'lllll)' 

Various stock assessment methods were applied empirically to assess the stocks of lobsters 
(Jasus edwardsii) in the Apollo Bay area of t.iie Victorian southern rock lobster fishery. Strong sex-, 
size-, and reproductive state-specific moult timing and reproductive patterns, and high growth was 
observed for J. edwardsii in this area. Tagging showed that most J. edwardsii moved very little, 
although some moved quite significant distances toward the southwest from the Apollo Bay area. There 
were consistent differences in the size of J. edwardsii in catches from different areas. Mean carapace 
length of legal-size J. edwardsii was slightly lower in 1992-95 compared to 1969-76. Size-selectivity 
curves showed that the current escape-gap size of 60 mm is optimum for the legal minimum lengths in 
the fishery. The change-in-ratio method was used to estimate abundance and exploitation rates oflegal­
size J. edwardsii at one site. Abundance of legal-size J. edwardsii in this area was about 2,000 for 
females and 2,300 for males in this 6 km2 area. Observed exploitation rates were 0.80 for females and 
0.57 for males (approximately annual. rates of exploitation). Bootstrap re-sampling showed that the 
precision of the female change-in-ratio method estimates was adequate, although too low for males. 
Significant recruitment of males to the legal-size stock took place during the fishing season, so the 
exploitation rate for males is considered low. The Leslie method produced inconsistent and sometimes 
nonsensical estimates of abundance and exploitation because it's assumption of constant catchability 
was violated. Visual census using SCUBA divers successfully estimated density of J. edwardsii. 
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APPEND!X7 

Objective 4 ~ "To assess the current status of the fishery for southern rock 
lobster in Victoria" 

Victorian Fisheries Assessment Report - Rock Lobster 1997 

SUMMARY 

Compiled by Rock lobster Fishery Assessment Group, 

D.K. Hobday and D.C. Smith {eds). 

f!SHElll!S 

RESEARCH & 

DEil'HOPMENT 

COl!PORATION 

Project 92 / 104 

Rock Lobster 1996 165 



VICTORIAN FISHERIES ASSESSMENT REPORT 

Rock Lobster 1996 

ROCK LOBSTER 1997 

SUMMARY 

Compiled by the 

Rock Lobster Fishery Assessment Group 

Edited by 

David Hobday and David Smith 
Marine and Freshwater Resources Institute 

Appendix 7 

166 



Appendix 7 

© State of Victoria 1997 

ISBN 

This work is copyright. Apart from any use under the Copyright Ac, 1968, no part may be reproduced 
by any process ,,Jithout permission. 

Copies available from: 
Marine and Freshwater Resources Institute 
PO Box 114 
QUEENSCLIFF VIC 3225 

Preferred way to cite this publication: 
Hobday D and Smith D. C. (eds) (1997). Rock Lobster 1997, Victorian Fisheries Assessment Report, 
Summary. Compiled by Rock Lobster Stock Assessment Group. (Marine and Freshwater Resources 
Institute: (Queenscliff) 

This series of Fishery Assessment Reports provide general fishery assessments dealt with by the Stock 
Assessment Groups established by Victorian Fisheries. The documents are not intended as definitive 
statements but rather as progress reports about ongoing assessments, research and monitoring. 
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Southern Rock Lobster Fishery Assessment Group 

1997 Assessment Report DRAF'T Summary 

Fisheries Victoria's Management Goals, Objectives and Strategies 

Goals 
1. Ensure the sustainability of the resource. 

2. Ensure the optimum utilisation of the resource. 
3. Ensure a prosperous commercial fishery. 
4. Provide recreational opportunities and ensure that recreationai fishers have an 

appropriate and equitable allocation of the rock lobster resource. 
5. Ensure that management arrangements are effectively implemented, monitored and 

reviewed. 
6. Ensure co-operative and participative management with clients. 
Objectives 
1. Ensure adequate recruitment from the Victorian component of the rock lobster 

fishery by allowing the spawning stock to rebuild. 
2. Improve the yield from the fishery, by reducing growth overfishing. 
3. Improve the economic viability of operators in the fishery by reducing fleet fishing 

costs, encouraging the rationalisation of the number of boats in the fishery and 
maximising the value of the catch. 

4. Rebuild the inshore rock lobster stocks to assist with conservation of the resource 
and provide improved recreational opportunities in the long term. 

5. Ensure that management arrangements are cost effective and focused on the 
resource. 

6. Ensure that management arrangements for the fishery are enforceable, and that an 
appropriate enforcement strategy is developed on an annual basis. 

7. Provide education and extension services to commercial and recreational rock 
lobster fishers. 

8. Implement monitoring programs for regular assessment. 
9. Establish appropriate mechanisms to ensure effective consultation and 

communication with commercial a.11d recreational fishers, and other groups. 
Strategies 
l. Maintain a spawning biomass in all major areas of the fishery in Victoria that will 

achieve a level of egg production that is at least 25% of the egg production from 
the unexploited stock. 

2. Reduce fishing effort in the fishery. Previous stock assessments had indicated that 
yield could be maximised with effort reductions of 25% in the Western Zone and 
50% in the Eastern Zone. 

3. Reduce recreational catch, and the commercial catch from inshore areas. 
4. Implement the research and monitoring strategy. 
5. Implement the education and extension strategy. 
6. Develop and implement an enforcement strategy for the fishery each year. 
7. Review annually the state of the resource and management of the fishery with the 

commercial and recreational fishers. 

Note: target effort reductions may change as a result of the current assessment. 
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Stock Structure and Life History 

The southern rock lobster (Jasus edwardsii) is fo,md in the southern ,vaters from the 
south--west W estem Australian coast to southern New South Wales, including the 
waters around Tasmania and New Z.ealand. An overlap occurs in the western and 
eastern boundaries of the Australian distribution with the western rock lobster 
(Panulirus cygnus) and the eastern rock lobster (Jc,.sus verreauxi). The relationships 
between southern rock lobsters found off south--east,em Australia are unknown. 

Female southern rock lobster moult around mid May to mid June prior to mating and 
spawning. Males moult 6 months out of phase from the females, around October .. 
November. Moult frequency of the southern rock lobster decreases with age from 5 
per year for post puerulus to 1 per year for large. The large adults also appear to 
moult more synchronously, while the smaller southern rock lobster may moult later in 
the season. In favourable conditions some adult populations may grow rapidly, 
requiring 2 yearly. 

The age of maturity varies geographically. For example, female southern rock lobster 
reach sexual maturity (50% mature) at 90-95 mm carapace length (CL) in south-east 
SA, while western SA the sexual age of maturity (50% mature) is 112 - 114 mm CL. 
The sexual age of maturity for females is believed to be 95 mm CL (50% mature) in 
western Victoria. The male deposits a spermatophore on the ventral side of the 
females. Shortly after mating the female exudes, fertilises and then incubates the eggs 
on specially adapted swimmerets under the tail for 3 to 4 months. Females are 
generally in berry from June to November depending on geographic location and 
water temperature. The reproductive potential of females increases substantially with 
size with as many as 600,000 eggs being carried by larger females. 

Within hours of hatching, the naupliosoma larvae moult into phyllosoma in which 
form they undergo numerous moult stages. During this period larvae can travel large 
distances, with little control of movement apart from a diurnal migration (shallower at 
night and deeper during the day). Larval rock lobster in New Zealand can spend 12 to 
24 months offshore. Larval rock lobster have been found in large expanses of water 
such as the Tasman Sea and are subject to prevailing current flows such as the west to 
east current across southern Australia. When the phyHosoma moult into the puerulus 
stage, they adopt the typical rock lobster appearance representing the longer benthic 
life stage. After settling in water generally less than 40 metres depth, puerulus 
pigmentation and hardening adjustments see four post-puerulus moult stages before 
the juvenile stage. 
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i'he Fishery 

Main Features 

Catch (96/97) 
Value {96/97) 
Fleet 
By-catch 
Discards 

Current Situation 

Western Zone 
403 tonnes 
$12.9M 
96 Licences 
Nil 
Lobsters killed by 
octopus 

Eastem 2'j)ne 
61 tonnes 
$2.1 M 
76 Licences 
Nil 
Lobsters killed by 
octopus 
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Total 
,t64 tonnes 
$15.0M 
172 Licences 

Currently about 5,000 tonnes of southern rock lobster valued at $140 million is landed 
in south-eastem Australia. The Victorian component of this catch in 1996/97 was 464 
tonnes valued at $15.0 million. 

Improvement in landed prices for southern rock lobster in recent years has resulted in 
higher levels of lobster fishing activity in periods of lower catch rates such as the late­
autumn and winter months. Post harvest processing and marketing considerably 
enhance the value of the fishery. Approximately 50% of the rock lobster catch is 
exported to Japan, Taiwan and the USA. The remainder is sold on interstate and local 
markets. 

Industry Perspectives 
There was a general concern from the commercial sector regarding the state of the 
stocks of southern rock lobster in Victoria. However, Eastern Zone industry 
participants at the Fishery Assessment Workshop, believe that the conclusions of the 
1996 assessment exaggerated the severity of the decline. They were particularly 
concerned with the figures used for technological change (ie increased fishing power 
due to improved equipment). Industry believes that in the East the nature of the 
fishing grounds is such that, although more sophisticated electronic equipment is 
used, it has had little impact on fishing practices except, perhaps for new entrants to 
the fishery. The extremely low current egg production estimated in 1996 was also of 
concern and didn't accord with their observations of the number and size of spawning 
females. 

In the Western Zone, Industry accepts that there has been technology "creep" but 
argue that the upper limit (3%) used in the assessments was to high and that 2% per 
year may be closer to the true situation. The quality of catch and effort data in the 
South Australia border area was raised and their potential impact on the assessment 
models need to be examined. Fishermen from both zones criticised the compounding 
nature of an annual percentage increase and suggested that occasional surveys are 
conducted of industry to better document technological change. 
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There were suggestions that the 1996/97 season ,;vas unusual with a lower proportion 
of berried females in catches. The question of environmental variabiiity 011 lobster 
abundance/availability needed to be addressed. 

Previous Assessments 

Yield··per-recmit (YPR) analyses and preliminary surplus production modelling were 
conducted in the 1970s,. Tagging experiments were conducted between 1976-79 were 
analysed to provide growth and mortality parameters. Preliminary YPR analyses and 
surplus production modelling were conducted by the Rock Lobster Fishery 
Assessment Group in 1994. YPR analyses showed that there would be little increase 
in yield from increased effort. Surplus production models indicated that the current 
levels of effort were greater than that necessary to achieve the maximum catch. A 
more exhaustive assessment was conducted in 1995 addressing concerns of industry 
that catch rates were artificially depressed because of increased winter effort when 
catch rates are lower on average, and inclusion of giant crab effort ie. >100 m in the 
assessment 

The 1996 assessment refined the 1995 assessment including updating the assessment 
with data from the 1994/5 fishing season; using results of recent research to provide 
Victorian specific growth, fecundity and fishing mortality estimates as inputs to the 
assessment models; providing, for the first time, an estimate of the recreational 
SCUBA diver catch in each management zone; and investigating the relationship 
between fisher experience and catch rates. Major results were: 

@ The recreational SCUBA catch for the 1995/96 season to the end of April was 
estimated to be 7.1 tonnes (10% of commercial catch) in the Eastern Zone, and 9.2 
tonnes (2% of commercial catch) in the Western Zone. These estimates were 
agreed to be minimum values as they did not include hookah divers and illegal 
activities. 

e Results of the biomass dynamics (production) assessment models in the Western 
Zone estimated that the reduction in effort needed to maximise yield was estimated 
at 10%, 29% and 37% with corresponding increases in fishing power of 0, LS and 
3% per year, with no allowance for recreational catch. These estimates were 
slightly higher than estimated in the 1995 assessment. 

1,1 The Ea.stem Zone production model estimated maximum yield with effort 
reductions of 36, 45 and 50% using effort standardised for winter fishing, a 7 tonne 
recreational catch and increases in fishing power of 0, LS and 3% per year 
respectively. Effort reductions of 39, 45 and 51 % would be required to maximise 
yield if a recreational catch of 14 tonnes is assumed. 

• Egg per recruit analysis estimated that the current Victorian egg production is 
between 6 and 19% of the virgin, unfished stock ( depending on the level of natural 
and fishing mortalities used). This estimate is less than the management target of 
25% of the virgin egg production. 

e Preliminary age structured modelling using Western Zone data showed that a 
reduction in effort by 30% over 5 years, would initially reduce catch by about 20%, 
but would stabilise at around 400 tonnes. 
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Economic surveys of the fishery have been conducted in the l 960s, 70s, 80s and in 
1996. The latter showed that economic peifonnance was unsatisfactory, especially in 
the Eastern Zone, and that a considerable proportion of fishers were making negative 
returns to capital. 

1997 Assessment 

Recent Developments 
This assessment uses results from the present Victorian study including growth, 
fecundity, size at maturity and fishing mortality estimates, by zone. Commercial catch 
and effort statistics were updated . to include 1995/96 and 1996/97 data. Data were 
available for the recreational SCUBA catch during 1995/96. A fishery assessment 
workshop was held at MAFRI, Queenscliff on 29-31 October 1997. 

Data and Methods 

Commercial catch and effort data by and within zone for the period 1978/79 to 
1996/97 were examined. Catch and effort data from the South Australian border area 
and the possible effects of misreporting on model outputs were evaluated. 

The recreational SCUBA catch for the 1995/96 season was estimated using data from 
a dive shop survey, DNRE's Fisheries and Wildlife Officer (FWO) interview cards. 
The dive shop questionnaire was conducted as a random survey of SCUBA airfill 
outlets in Victoria. The information collected was used to represent the recreational 
SCUBA activity throughout the state. The interview cards (collected by the Fisheries 
and Wildlife Officers) were obtained from several Department of Natural Resources 
and Environment (DNRE) coastal regions. These interviews were site specific and 
targeted divers involved in the harvest of rock lobsters or abalone. These data 
provided basic biological information including sex and length. 

Fecundity by length and the size at 50% maturity in each zone were estimated. 
Results of MAFRI and Industry tagging were used to assess movement and determine 
growth rates. 

Larval settlement was assessed by monthly sampling of puerulus from collectors at a 
number of sites. 

Length frequency distributions for each zone were converted into age frequencies 
using the appropriate growth curves. Total mortality was estimated via catch curves 
and fishing mortality calculated from F = Z - M. These estimates together with 
growth parameters were used to assess the current level of egg production, assuming 
constant or stable recruitment. 

Maximum yield was estimated using Gulland and Fox surplus production models. 
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Results 

The Western Zone catch showed a small decline to 402 tonnes during the 1996-7 
fishing season, down from 419 tonnes during 1995-6. The number of potlifts 
increased from 749 thousand in 1995/96 to 778 thousand in 1996i97. Although there 
was a small decline in catch rate from 0.56 to 0.52 kg/potlift over the two fishing 
seasons, catch rates appear to have stabilised. Catch rates west of Po1t FairJ were 
lower than those to the east between Port Fairy and Apollo Bay. 

Catch and effort data for the area adjacent to the South Australian border was 
examined comparing single (Victorian) and dual (South Australian /Victotian) licence 
holders. The results showed that dual licence catch and effort was much lower than 
for single licence holders, and that their catch rates although slightly higher, were still 
within the range observed throughout the zone. 

In the Eastern Zone, the catch increased from 57 tonnes in 1995/96 to 61 tonnes in 
1996/97 with similar effort in both seasons, resulting in an increased catch rate from 
0.26 to 0.28 kg/potlift over the two fishing seasons. Catch rates between Apollo Bay 
and Queenscliff were generally lower than those from Queenscliff and Cape Liptrap, 
with those east of Cape Liptrap the 11.ighest 

The majority of the recreational diving effort ( 4.5%) occurred between Torquay and 
Inverloch in the Eastern Zone while 32% of dives were reported between Port Fairy 
and Apollo Bay. 

The results of the 1995/96 and 1996/97 recreational dive survey are as follows: 

Zone Year Mean Catch No. of dives Estimated no Estimated Estimated Total catch 
rate (no per for 1995/96 of lobster female catch male catch weight (Kg) 

dive) caught weight (Kg) weight (Kg) 

Eastern 95196 0.20 46,988 9,398 1,895 9,714 11,609 
96/97 0.21 

Western 95196 0.39 20,137 7,853 1,583 8,117 9,700 
96/97 0.39 -

These estimates should be seen as a minimum because the dive survey estimates did 
not include recreational catches by hookah, snorkel and hoop net. 

The 1995/96 recreational SCUBA catch from the dive shop survey was compared with 
the commercial rock lobster catch during the same year: 
_!Iii, 

Zone Commercial Commercial catch Recreational % oftotai % of commercial 
catch from all (95/6) from Catch (kg) commercial catch catch from 

depths (kg) < 20m(kg) from all depths <:20m 

Eastern 56,029 25,084 11,609 20.7% 46.3% 

Western 417,061 62,699 9,700 2.3% 15.5% 

Both Zones 473,090 87,783 18,241 3.9% 20.8% -------- -
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The recreational SCUBA catch w;;t.;; 21 % and 2.3% of the commercial catch in the 
Eastern and Western Zones respectively. Ho-wever it was 46% and 21 % of the 
commercial catch in water less than 20 m. 

11,000 lobsters have been tagged with 1,888 recaptures {17%). Recapture rates vvere 
highest in the Western Zone (21-24%) compared to the Eastern Zone (6-10%). The 
majodty of recaptures occurred within 10 km of release. Movements in the Eastern 
Zone were larger and more directional than in the Western Z.one. 

Puerulus settlement at Apollo Bay Harbour was highest during Juiy - September 
however the settlement rates during the past tY.10 years were lower than that observed 
in 1995. Settlement at other sites continued to be lower and more variable than at 
Apollo Bay Harbour. 

A fecundity - carapace length relationship was determined for use in egg per recruit 
modelling. Female lobsters reached maturity (50% mature) at 89.7mm and 112.5mm 
in the Western and Eastern Zones respectively. 

Length frequency distributions for female and male lobsters landed in each zone were 
distinctly different. In 1996/97, the modal length of females in the Western Zone was 
105 mm with the recorded maximum length at 130 mm. Males ranged in length from 
1 I O mm to 165 mm with the mode at 115 mm. In the Eastern Zone, females ranged in 
length from 105 mm to 160 mm with a mode at 115 mm and a second mode at 130 
mm. Males ranged in length from 105 mm to 195 mm with the mode at 110-115 mm 
but a greater proportion of lobsters were in the 130-160 mm size classes compared to 
the Western Zone. 

Fishing mortality, assuming natural mortality at 0.1, was estimated at 0.1-0.2 in the 
Eastern Zone for both sexes, and 0.3 and 0.4-0.5 for males and females respectively in 
the Western Zone. Current egg production, expressed as a percentage of unfished egg 
production was 17-32% in the Eastern Zone and 14% in the Western Zone. 

The Gulland production model was fitted to catch and effort data for the period 
1964/65 to 1996/97. The Fox model, however, could only be fitted with the addition 
of data from 1951/52 to 1963/64. As there are considerable uncertainties about the 
quality of this earlier data results from the Fox model are not presented. 

The maximum yield and corresponding effort was estimated using different effort 
weightings (for technological advances) agreed to by Workshop participants: 

~ Eastern Zone 
• Western Zone 

0% and 1.0% 
0.5%, 1.25% and 2.0% 

In addition the model for each zone was also run using data adjusted for recreational 
catches: 
e Eastern Zone 
® Western Zone 

0, 11.6 and 20 tonnes 
0, 9. 7 and 20 tonnes 

Note: 20 tonnes was the best estimate of the total recreational catch including catches 
by hookah, snorkel and hoop net 
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Results for the Gulland model a.re shown below. Reductions in effort (pot lifts) 
needed to meet E(Iv!SY) 1Nere calculated. Because recreational catches and effort (in 
summer equivalent pot lifts) were included in the estimation, the reductions 
attributable to the commercial sector were also calculated. 

sted Effort seE(MSY) seE("I 996/ 
sq Weight% 7} 

OA86138 0 0 109 144 ms 
0.62 1 0 113 ·150 233 

0.626326 0 11.6 115 154 235 
0.698015 1 11.6 119 167 279 

0.681234 0 20 119 165 262 
0.724203 1 20 124 181 312 

Western Zone roduction (GuHand) model results 

djusted Effort seE(MSY) seE(1996/ 
sq Weight% Tonnes 7) 

0.636758 1 0.00001 410 586 754 
0.66 1.25 0 412 592 784 

0.700975 2 0 418 613 874 

0.644948 1 9.7 415 597 772 
0.663467 1.25 9.7 417 603 803 

0.70521 2 9.7 423 626 895 

0.652001 1 20 420 610 792 
0.669467 1.25 20 422 616 823 

0.70871 2 20 428 640 918 

Uncertainties 
There are distinct differences between the two zones both in the performance of the 
fishery and also in life history parameters. Greater spatial resolution is required to 
enhance assessment models. There is considerable uncertainty about natural mortality 
and the current levels of fishing mortality in both zones. Fishing mortality is likely to 
vary considerably spatially. 

The models are sensitive to the effort statistics used, and the rate at which fishing 
power has increased in recent years is difficult to quantify. It is also not known 
whether excessive commercial and recreational effort, particularly in the Eastern Zone 
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and inshore Western Zone, is causing competition between gear and/or between the 
recreational and corrunercial fisheries. 

Management Implications 

The current results provide a slightly :rnore optimistic picture of the fishery, 
particularly in the Eastern Zone, than those in previm.1s reports. The differences are 
primarily due to refined analyses with life history parameters estimated for each zone 
and to the lower values applied to fishing effort to weight the effort statistics for 
technological improvements. In previous assessments the values used were based on 
the Western Australia fishery. Advice from industry is that the values used 
previously are to high and that there are significant difference between zones. An 
additional refinement is the apportioning of effort reduction to each sect.or. 

The Western Zone catch showed a small decline to 402 tonnes during the 1996-7 
fishing season, down from 419 tonnes during 1995-6. The number of potlifts 
increased from 749 thousand in 95-6 to 778 thousand in 1996-7. Although there was 
a small decline in catch rate from 0.56 to 0.52 kg/potlift over the two fishing seasons, 
catch rates appear to have stabilised.. The reductions in commercial fishing effort 
necessary to maximise yield ranged from 22 to 30% depending on the size of the 
recreational catch and the effort weighting used in the models. It appears therefore, 
that the management target of a 25% reduction in effort remains appropriate. 

In the Eastern Zone, the catch increased from 57 tonnes in 1995-6 to 61 tonnes in 
1996-7 with similar effort in both seasons resulting in an increased catch rate from 
0.26 to 0.28 kg/potlift over the two fishing seasons. CPUE appears to have stabilised 
in the Eastern Zone. The revised estimates for the percentage reduction in effort to 
achieve maximum catch of 26 to 36% are considerably lower than the 50% 
management target. Therefore, it is suggested that the current management target in 
the Eastern Zone be reconsidered. 

The current level of egg production, assuming constant or stable recruitment, was 
estimated separately for each zone for the first time. In the Eastern Zone it was 
estimated at 17-32% and in the Western Zone at 14%. Estimates are sensitive to the 
estimated current fishing mortality. In the 1996 assessment, egg production was 
estimated at 6-19% across both zones assuming a fishing mortality of 0.4. The 
differences reflect the better estimates of fishing mortality used in 1997. The lower 
overall fishing mortalities (0.1-0.2) estimated in the Eastern Zone are more consistent 
with the greater proportion of large lobsters seen in catches. 

The recreational fishery, particularly in the Eastern Zone, contributes a significant 
proportion of the total catch from inshore waters. Future assessment of the 
recreational fishery is complicated by the unlimited and unregistered access of divers 
in the fishery. Currently the only requirement of a recreational rock lobster fisher is 
an Amateur Fishing License (AFL), which can be obtained at a large range of retail 
outlets. In 1993-94 an estimated 100,000 licenses were sold, with no detail of where 
or to whom. The number of rock lobster amateur fishers could be estimated 
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generously at around 10,000. Any attempt to obtain recreational catch information 
from such a small range people in the total Victorian population would be difficult. A 
statewide phone poll or the introduction of a rock lobster endorsement on the AFL are 
two of the most promising options that may provide the data required. 

The relationships of southern rock lobsters in Victmia, Tasmania and South Australia 
are unknown as in the relative contribution of each fishery to recruitment. 

Research Needs 

~ More detailed biological information and estimates of population parameters across 
Victoria are necessary to reduce uncertainty in the assessments. Expansion of 
current on-board measuring and tag and release by MAFRI and commercial fishers 
is of high priority to provide data for future modelling. A joint MAFRI/lndustry 
length measuring and tagging program should be developed. 

~ Monitoring of puerulus and pre-recruits as an index of recruitment variability 
should be continued. 

e The stock structure of southern rock lobsters is unknown although they are 
currently managed as if the resources of each state were separate stocks. The 
implications of this are for recruitment; particularly whether the South Australian 
and Tasmanian fisheries could impact on recruitment to Victoria. 

o A high priority for research is to continue monitoring of the recreational catch. 

«1 There is a need for a more sophisticated analysis of catch and effort data to provide 
estimates of changes in fleet dynamics, including fishing power and gear 
competition. The spatial changes in the fishery should be analysed using GIS 
methods. 

• Periodic surveys of industry to better document technological change should be 
implemented. 

• Almost nothing is known of the environmental effects on availability and/or 
abundance, and recruitment of southern rock lobsters. 
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