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EXECUTIVE SUMMARY 
[bookmark: OLE_LINK5][bookmark: _Toc134853581][bookmark: _Toc134853689][bookmark: _Toc134853876][bookmark: _Toc134853937][bookmark: _Toc134853998][bookmark: _Toc134854180][bookmark: _Toc134854241][bookmark: _Toc134854302][bookmark: _Toc134854363][bookmark: _Toc134854485][bookmark: _Toc134854546][bookmark: _Toc134854607][bookmark: _Toc134854668][bookmark: _Toc134854827][bookmark: _Toc134854888][bookmark: _Toc134855490][bookmark: _Toc134855543][bookmark: _Toc134856232][bookmark: _Toc134856338][bookmark: _Toc134857299]This status report is the fourth South Australian Research and Development Institute (SARDI) assessment for the Victorian Rock Lobster Fishery (RLF) and Giant Crab Fishery (GCF), and was undertaken on behalf of the Department of Economic Development, Jobs, Transport and Resources (DEDJTR) (Victoria).
The RLF and GCF are divided into two separately managed zones, the Eastern Zone (EZ) and Western Zone (WZ). Currently, fishing for giant crabs only occurs in the WZ. A Total Allowable Commercial Catch (TACC) and individual transferable quota management system has been in place since 2001. 
Western Zone Rock Lobster Fishery (WZRLF)
During the 1990s and early 2000s, catches in the WZRLF ranged between 408 and 525 t. In 2001, a TACC of 450 t was set for the 2002/03 fishing season, and remained at this level until 2007/08 when it was reduced to 380 t. By 2009/10, catch had declined to 230 t and the TACC was reduced to 240 t. Over the last six seasons, fishing year catch has remained stable. In 2013/14, the TACC was 260 t and was the fifth consecutive season that the TACC was fully taken.
In contrast to catch, effort in the WZRLF between 2001/02 and 2010/11 remained relatively stable at an average of 657,000 potlifts. In the last four seasons, effort has declined, and in 2013/14 was 479,000 potlifts, representing a 26% decrease since 2009/10 (650,000 potlifts).
Throughout the 1990s, nominal catch per unit effort (CPUE) ranged between 0.49 and 0.60 kg/potlift for each fishing year. By 2003/04, CPUE had increased to 0.70 kg/potlift before declining to 0.37 kg/potlift in 2009/10, the lowest CPUE in the history of the fishery. Over the past three fishing years, nominal CPUE has increased and in 2013/14 was 0.56 kg/potlift, representing a 51% increase from 2009/10. Patterns of catch, effort and CPUE within each region of the WZRLF (Portland, Warrnambool and Apollo Bay) are similar to those of the whole fishery. 
Trends in puerulus settlement within Victoria resemble those in South Australia, with peaks in the puerulus settlement index recorded in 2002, 2005 and 2006. Puerulus settlement has been below the respective long-term averages in both States for the last three seasons. The above average recruitment (to 60 mm CL) in 2007/08 and 2008/09 is likely to be a product of the strong settlement in 2005 and 2006, and reflected in the increases in commercial catch rates recorded between 2010/11 and 2013/14. These patterns indicate that lobsters in the WZRLF recruit to the fishable biomass after a period of approximately five years following settlement.
While CPUE of legal-size lobsters has recently increased, the number of pre-recruits obtained via fixed-site surveys has decreased since 2010/11, indicating reduced settlement levels post‑2006. Combined with the low model-estimated recruitment (to 60 mm CL) between 2009/10 and 2012/13, these data indicate that the number of legal-size lobsters entering the fishery may be reduced from 2014/15. 
The model-estimated level of egg production in 2013/14 was 71% of that in 2001/02 (the reference year) and above the reference limit point of 35%. The level of available biomass was 73% of that in 2001/02 and below the target reference point of 159%. Therefore, while model outputs indicate that biomass is increasing, based on historical recruitment trends, biomass will not rebuild to the target by 2020/21 at the current TACC level of 260 t. Under the existing harvest strategy, the model estimates that a TACC of 165 t would be required for the 2015/16 quota year to maintain biomass rebuilding on the target trajectory based on a 50% probability forward projection.
Eastern Zone Rock Lobster Fishery (EZRLF)
Annual catch in the EZRLF declined from 143 t in 1982/83 to 40 t in 2008/09. An initial TACC of 60 t was introduced in 2001 for the 2002/03 quota year, where it remained until 2006/07. Since the implementation of a TACC, catches have ranged between 40 t (2008/09) and 65 t (2010/11). In 2013/14, the TACC increased to 51 t and was the fourth consecutive season that the TACC was fully taken. Between 2002/03 and 2013/14, annual effort has reflected levels of catch and has averaged approximately 126,000 potlifts/yr. In 2013/14, effort was 114,000 potlifts, the fourth lowest measure of effort recorded and representing a decrease of 24% since 2010/11 (150,000 potlifts).
Nominal CPUE was at its lowest in 1995/96 at 0.26 kg/potlift. By the time quota was introduced in 2001/02, CPUE had increased to 0.35 kg/pot lift and remained between 0.35 and 0.44 kg/potlift until 2010/11. In 2011/12, CPUE increased to 0.54 kg/potlift and was 0.52 kg/potlift in 2013/14.  Patterns of catch, effort and CPUE in each region of the EZRLF (Queenscliff, San Remo and Lakes Entrance) are similar to those for the whole fishery. 
The EZRLF and WZRLF have broadly similar trends in model-estimated recruitment (to 60 mm CL). Similar to the WZRLF, the stronger levels of puerulus settlement in 2005 and 2006 are likely reflected in the relatively high catch rates recently recorded in the EZRLF between 2010/11 and 2013/14, indicating that lobsters in the EZRLF reach legal-size after a period of approximately five years following settlement.
While CPUE of legal-size lobsters has recently increased, the numbers of pre-recruits obtained via fixed-site surveys have decreased since 2011/12, indicating reduced settlement levels post‑2006. Combined with the low model-estimated recruitment (to 60 mm CL) between 2009/10 and 2012/13, these data indicate that the number of legal-size lobsters entering the fishery may be reduced from 2014/15.
The model estimated level of egg production in 2013/14 was 155% of that in 2001/02 (the reference year) and above the limit reference point of 104% of that in 2001/02. The level of available biomass was 141% of that in 2001/02 and below the target reference point of 184%. 
Under the existing harvest strategy, the model estimates that a TACC of 51 t would be required for the 2015/16 quota year to maintain biomass rebuilding on the target trajectory based on a 50% probability forward projection.

Giant Crab Fishery (GCF)
The GCF currently only operates in the WZ, and the possession of both a RL and GC licence is required to access the fishery. There has been no reported catch of giant crab in the EZ for the past decade and there are no licences in this fishery.
Based on data for the licensing year between 1 July and 30 June, the total annual catch (targeted and non-targeted) of giant crab peaked at 170 t in 1993/94. Since then, catches have generally declined to a record low level (8.0 t) in 2001/02.
Quota management was introduced in 2001/02 and the TACC was set at 25 t. Total catch averaged around 20 t per year between 2004/05 and 2009/10. Between 2009/10 and 2012/13, catch decreased from 13 t to 8 t with the TACC subsequently reduced to 12 t. In 2013/14, the TACC was 9.5 t and the total catch was 6.5 t, of which 6.4 t was targeted.
The primary indicator for the WZ GCF is CPUE (kg/24 hr potlift) based on fishing season data (November to September). Since 2005/06, CPUE has decreased from 1.35 kg/24 hr potlift to 0.53 kg/24 hr potlift in 2013/14. The 2013/14 estimate represents one of the lowest catch rates on record but remains marginally above the Limit Reference Point of 0.52 kg/24 hr potlift. 
In 2014/15, the TACC was 10.5 t. Based on the 2013/14 CPUE estimate, the current harvest strategy recommends retaining the TACC at 10.5 t for the 2015/16 season.
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[bookmark: _Toc149553673][bookmark: _Toc430782882]Introduction
This is the fourth fishery status report undertaken as part of the South Australian Research and Development Institute (SARDI), Aquatic Sciences assessment program for the Victorian Rock Lobster Fishery (RLF; Western Zone and Eastern Zone; hereafter the WZRLF and EZRLF, respectively) and Giant Crab Fishery (GCF). This report complements the three Victorian Rock Lobster and Giant Crab fisheies stock status reports published in 2012, 2013 and 2014 (Linnane et al. 2012; 2013; 2014). The aim of the report is to assess the current status of the Victorian rock lobster and giant crab resources. These assessments include data to the end of the 2013/14 fishing year (i.e. 14 September 2014), as well as monthly catch rate data to May 2015 based on data collected via Fisheries Integrated Licensing and Quota Monitoring Interactive Voice Response (IVR) systems. The report is divided into five sections, including this introduction which (1) outlines the structure of the report; and (2) provides a brief description of the extent and structure of both the RLF and GCF. 
Section 2 provides an overview of the methods used in the report. Sections 3 and 4 summarise the information available for the WZRLF and EZRLF, respectively, and provide assessments of their current status in relation to the performance indicators, biological reference points, triggers, and rebuild rates. The levels of risk associated with uncertainty in the assessments are also described as listed under Objective 1, Strategy 1 – 'Rebuild the stock biomass', in the Victorian Rock Lobster Fishery Management Plan (VicDPI 2009) and modified following review by the Rock Lobster Resource Assessment Group (RLRAG). Where appropriate, this includes spatial and temporal analyses of data relating to catch, effort and catch per unit effort (CPUE), indices of recruitment and pre-recruitment, length-frequency distributions of all rock lobsters measured from fixed-site surveys, and outputs from the Southern Rock Lobster (SRL) stock assessment model, including trajectories of estimated egg production and available biomass.
Section 5 presents information available for the GCF and assesses its current status in relation to the performance indicators described under Objective 1, Strategy 1 – 'Rebuild the stock biomass', in the Victorian Giant Crab Fishery Management Plan (VicDPI 2010). The information presented includes targeted and non-targeted catch, and targeted CPUE.
[bookmark: _Toc430782883]Rock Lobster Fishery
The Victorian RLF is divided into two separately managed zones, the Western and Eastern Zones (Figure 1.1). The WZRLF extends east from the Victorian border with South Australia to Apollo Bay and incorporates the three separate regions of Portland, Warrnambool and Apollo Bay. The EZRLF extends east from Apollo Bay to the Victorian border with New South Wales and incorporates the three regions, Queenscliff, San Remo and Lakes Entrance. In November 2001, the RLF became quota managed with the principal management controls including an annual Total Allowable Commercial Catch (TACC) divided into individual transferable quota units, and restrictions on the number of licences and pots allocated within a zone. For both zones, there exists a difference between the allocated quota year (prior to 2009 it was 1 April ‑ 31 March; from 2009 it is 1 July ‑ 30 June) and the fishing year or season (16 November ‑ 14 September). 
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The number of licences and vessels operating in the WZRLF has decreased over the last decade, in part due to the structural adjustment program undertaken during 2008/09 (VicDPI 2009). In the quota year 2013/14, there were 48 active licences and 48 vessels operating in the WZRLF, with a TACC set at 260 t. In the same quota year in the EZRLF, there were 27 active licences and 27 vessels, with a TACC set at 51 t. 
The RLF Management Plan describes the policy and management arrangements for the fishery. The objectives and strategies of the RLF Management Plan are assessed against a series of performance indicators and associated limit and target reference points. Performance indicators are used within a management decision framework and hierarchical decision tree to establish the TACC (VicDPI 2009).
[bookmark: _Toc430782884]Giant Crab Fishery
The GCF is closely linked to the RLF and defined to operate within the same two zones, i.e. the Western and Eastern Zones (Figure 1.1). However, the commercial fishery is only active in the Western Zone, with little effort reported from the Eastern Zone (VicDPI 2010). Commercial access to the resource is through the issue of a GCF licence to Western Zone fishers. In the Eastern Zone, access is provided by a general permit, and the fishery is managed as a developing fishery (VicDPI 2010). In November 2001, the GCF became quota managed and a logbook, separate to that of the RLF, was initiated. Prior to 2001, the catch of giant crab was reported as by-catch in the RLF and targeted effort on giant crab was defined using decision rules relating to the depth of pot-sets and where giant crab comprised >70% of the total catch. To further improve measures of fishery performance, subsequent reporting criteria have been implemented to assess catch and effort data from those licences landing >1 t per year only. 
The GCF fishing year extends from 16 November to 14 September the following year. Thirty licences were initially issued for the fishery, but by 2013/14 that number had declined to 20. In 2013/14, only five licence holders reported catch of giant crab and, with the exception of fishing years 2007/08 and 2009/09, fewer than five licences have landed >1 t of giant crabs in a fishing year since 2001/02 (Walker et al. 2012a). In 2013/14, the TACC was 9.5 t. 
The GCF Management Plan (VicDPI 2010) details the policy and management arrangements for the fishery. The objectives and strategies of the management plan are assessed against a series of performance indicators with associated limit and target reference points to inform the establishment of the TACC for giant crab (VicDPI 2010).
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Fishery statistics for the WZRLF and EZRLF are provided at two spatial scales: (1) the whole zone; and (2) regions within each zone. Fishery data for the GCF are presented at the scale of the area defined for the commercial fishery (i.e. that area describing the Western Zone of the RLF).  
For the RLF and GCF, fishery-dependent data including catch (t), effort (x1000 potlifts) and nominal catch per unit effort (CPUE; kg/potlift) are derived from all available logbook data managed by the Department of Economic Development, Jobs, Transport and Resources (DEJTR, formerly Department of Primary Industries). 
For the RLF, data are filtered by fisher, requiring fishers to have been in the fishery 200 days and more than two separate fishing years. CPUE is then standardised for the main effects of fishing-year, fishing-month, region, depth category, fisher and vessel using the statistical model detailed in Walker et al. (2012b) and is used as an input into the stock assessment model. Data relating to carapace length-frequency and CPUE (number per potlift) of both pre-recruit (undersized) and legal-sized male and female lobsters are collected from rock lobster sampled in fixed site (pots with escape gap closed) and on-board observer programs (escape gaps open) since 2001 and 2004, respectively. Data relating to carapace length (CL) frequency are also collected from commercial processors. These data sets are used for the model-based assessment of the WZRLF and EZRLF.
Puerulus monitoring is undertaken at sites located at Port Campbell and Apollo Bay (Figure 1.1). Data from these sites is combined for this report. The puerulus settlement index (PSI) is used as a fishery-independent measure of the future recruitment of rock lobster to the fishable biomass. The annual PSI is calculated as the mean monthly settlement of puerulus sampled from the collectors. Trends in both pre-recruit and puerulus settlement indices recorded for Victoria were compared with those recorded within the Southern Zone Rock Lobster Fishery (SZRLF) of South Australia.
The 'Rock Lobster Fishery assessment model' is a length-structured model (LenMod) that was used to provide outputs for assessment against fishery reference points (target and limit) and performance indicators (PIs) (Section 3.4 and Section 4.4) using levels of risk associated with uncertainty described as listed in the RLF Management Plan, and as modified following review by the Rock Lobster Resource Assessment Group (RLRAG). To summarise, LenMod is a population dynamics model that fits to catch in weight and CPUE. In addition, it also incorporates length-frequency data from catch sampling, where the lobster population is broken down into different size categories. André Punt (Washington University) first developed the basic model structure in the 1990s (Punt and Kennedy 1997). Variants of this length-based lobster model are now used for management and quota setting in most J. edwardsii fisheries, notably in New Zealand, Victoria and Tasmania. Details of the length structured model, with simulation testing of its performance, have been described in Hobday and Punt (2001) and Punt (2003).
For the GCF, estimates of CPUE (kg/24 hr potlift) were calculated from data collected for the fishing season (November to September), and using only data effort targeted towards giant crab (i.e. fishers with >1 t catch/yr; two fishers in 2013/14). Estimates of CPUE were standardised to account for pot soak time using a maximum of four days soak time per pot. 
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[bookmark: _Toc430782888]Zonal catch and effort
With the exception of the 2003/04 fishing year, catch in the WZRLF decreased by 55% between 2000/01 (525 t) and 2008/09 (235 t; Figure 3.1; Table 3.1). With the implementation of quota management in 2001, an initial TACC of 450 t was set for the 2002/03 season, but was reduced to 380 t in 2007/08 (Table 3.2). By 2009/10, catch had declined to 230 t, with a reduced TACC of 240 t. Over the last six seasons, fishing year catch has remained stable. In 2013/14, the TACC was 260 t and was the fifth consecutive season that the TACC was fully taken. 
Total effort did not decrease at the same rate as catch, averaging approximately 657,000 potlifts between 2001/02 and 2010/11. In the last four seasons, effort has declined, and in 2013/14 was 479,000 potlifts, representing a 26% decrease since 2009/10 (650,000 potlifts).
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[bookmark: _Ref399245169][bookmark: _Toc430782924]Figure 3.1	Total catch (t) and nominal effort (x1000 potlifts) in the WZRLF from 1978/79–2012/13. Arrow indicates the introduction of a TACC in 2001/02 of 450 t.


[bookmark: _Toc430782918]Table 3.1 Western Zone catch (t and numbers of lobsters), fishing effort (potlifts), CPUE (kg per potlift) and mean mass of lobsters (kg). (Fishing Year: November-September; SRL: Southern Rock Lobster; CPUE: Catch per unit effort). (Fishing Year: November-September; SRL: Southern rock lobster; CPUE: Catch per unit effort). Data Source: Fisheries Victoria Catch and Effort Database (December 2014) for period 1978-79 to 2013-14.
	Fishing
Year
	Catch
(t)
	Catch (number)
(‘000)
	Nominal effort
(‘000 potlifts)
	Nominal CPUE
(kg per potlifts)
	Standardised CPUE
(kg per potlifts)
	Mean mass of SRL
(kg)

	1951-52
	102
	
	42
	2.41
	
	

	1952-53
	132
	
	54
	2.43
	
	

	1953-54
	177
	
	69
	2.56
	
	

	1954-55
	292
	
	115
	2.54
	
	

	1955-56
	177
	
	87
	2.03
	
	

	1956-57
	134
	
	75
	1.79
	
	

	1957-58
	152
	
	93
	1.64
	
	

	1958-59
	147
	
	84
	1.75
	
	

	1959-60
	182
	
	104
	1.75
	
	

	1960-61
	268
	
	138
	1.95
	
	

	1961-62
	396
	
	202
	1.96
	
	

	1962-63
	326
	
	226
	1.44
	
	

	1963-64
	279
	
	201
	1.39
	
	

	1964-65
	233
	
	175
	1.33
	
	

	1965-66
	325
	
	250
	1.30
	
	

	1966-67
	308
	
	288
	1.07
	
	

	1967-68
	372
	
	373
	1.00
	
	

	1968-69
	413
	
	455
	0.91
	
	

	1969-70
	430
	
	495
	0.87
	
	

	1970-71
	441
	
	497
	0.89
	
	

	1971-72
	458
	
	583
	0.79
	
	

	1972-73
	463
	
	638
	0.73
	
	

	1973-74
	429
	
	555
	0.77
	
	

	1974-75
	286
	
	430
	0.67
	
	

	1975-76
	303
	
	406
	0.75
	
	

	1976-77
	339
	
	464
	0.73
	
	

	1977-78
	309
	
	433
	0.71
	
	

	1978-79
	486
	485
	622
	0.78
	0.88
	1.00

	1979-80
	453
	444
	576
	0.79
	0.76
	1.02

	1980-81
	549
	548
	680
	0.81
	0.76
	1.00

	1981-82
	499
	499
	637
	0.78
	0.73
	1.00

	1982-83
	460
	455
	608
	0.76
	0.75
	1.01

	1983-84
	421
	414
	571
	0.74
	0.68
	1.02

	1984-85
	406
	394
	578
	0.70
	0.62
	1.03

	1985-86
	345
	346
	569
	0.61
	0.54
	1.00

	1986-87
	351
	353
	595
	0.59
	0.53
	0.99

	1987-88
	345
	349
	557
	0.62
	0.53
	0.99

	1988-89
	304
	322
	577
	0.53
	0.47
	0.94

	1989-90
	331
	355
	613
	0.54
	0.48
	0.93

	1990-91
	317
	337
	650
	0.49
	0.44
	0.94

	1991-92
	408
	439
	712
	0.57
	0.54
	0.93

	1992-93
	408
	433
	779
	0.52
	0.50
	0.94

	1993-94
	448
	456
	754
	0.59
	0.52
	0.98

	1994-95
	435
	444
	789
	0.55
	0.46
	0.98

	1995-96
	423
	442
	761
	0.56
	0.45
	0.96

	1996-97
	402
	414
	787
	0.51
	0.40
	0.97

	1997-98
	466
	492
	841
	0.55
	0.44
	0.95

	1998-99
	516
	568
	861
	0.60
	0.48
	0.91

	1999-00
	521
	592
	897
	0.58
	0.46
	0.88

	2000-01
	525
	598
	895
	0.59
	0.45
	0.88

	2001-02
	438
	510
	704
	0.62
	0.48
	0.86

	2002-03
	430
	495
	630
	0.68
	0.51
	0.87

	2003-04
	461
	515
	659
	0.70
	0.51
	0.89

	2004-05
	408
	451
	667
	0.61
	0.45
	0.90

	2005-06
	358
	405
	705
	0.51
	0.37
	0.88

	2006-07
	336
	392
	698
	0.48
	0.36
	0.86

	2007-08
	289
	338
	668
	0.43
	0.32
	0.85

	2008-09
	235
	268
	606
	0.39
	0.29
	0.88

	2009-10
	239
	277
	650
	0.37
	0.29
	0.86

	2010-11
	254
	307
	590
	0.43
	0.35
	0.83

	2011-12
	233
	279
	475
	0.49
	0.38
	0.83

	2012-13
	259
	296
	485
	0.53
	0.40
	0.87

	2013-14
	266
	296
	479
	0.56
	0.41
	0.90




[bookmark: _Toc430782919]Table 3.2 Western Zone history of TACCs for each quota period from 2001-02 to 2013-14 (TACC: Total Allowable Commercial Catch). *Quota was introduced 1 November 2001 for a shortened quota period. Data Source: Fisheries Victoria FILS.
	
	
	TACC set
	TACC Caught
	Number of
months fished
	Number of active
licenses
	Number of
vessels

	Quota year
	Period
	(tonne)
	(t)
	%
	
	
	

	 2001/02*
	1 Nov - 31 Mar
	320
	
	
	
	
	

	2002/03
	1 Apr - 31 Mar
	450
	440
	98
	12
	79
	83

	2003/04
	1 Apr - 31 Mar
	450
	436
	97
	12
	80
	79

	2004/05
	1 Apr - 31 Mar
	450
	421
	94
	12
	79
	86

	2005/06
	1 Apr - 31 Mar
	450
	405
	90
	12
	75
	77

	2006/07
	1 Apr - 31 Mar
	450
	329
	73
	12
	71
	68

	2007/08
	1 Apr - 31 Mar
	380
	319
	84
	12
	68
	64

	2008/09
	1 Apr - 31 Mar
	320
	244
	76
	12
	61
	60

	2009
	1 Apr– 30 Jun
	55.2
	36
	64
	3
	54
	53

	2009/10
	1 Jul – 30 Jun
	240
	230
	96
	12
	54
	55

	2010/11
	1 Jul – 30 Jun
	240
	237
	99
	12
	54
	55

	2011/12
	1 Jul – 30 Jun
	240
	237
	99
	12
	51
	54

	2012/13
2013/14
	1 Jul – 30 Jun
1 Jul – 30 Jun
	260
260
	258
260
	99
100
	12
12
	47
48
	46
48



[bookmark: _Toc430782889]Zonal catch per unit effort (CPUE) 
[image: ]Nominal and standardised CPUE (kg/potlift) show similar trends to those exhibited by catch over time. Since the 1992/93 fishing year, standardised CPUE has been lower than nominal CPUE (Figure 3.2; Table 3.1). From 2003/04 to 2009/10, nominal CPUE decreased by 47% from 0.70 kg/potlift to 0.37 kg/potlift, the lowest on record. Nominal CPUE increased from 0.37 kg/potlift in 2009/10 to 0.56 kg/potlift in 2013/14. Similarly, standardised CPUE increased from 0.30 kg/potlift to 0.41 kg/potlift over the same period (2009/10–2013/14).
[bookmark: _Ref333315718]
[bookmark: _Ref430781272][bookmark: _Toc430782925]Figure 3.2 Nominal and standardised CPUE (kg/potlift) in the WZRLF from 1978/79–2013/14.

[bookmark: _Toc430782890]Within season trends in CPUE
Patterns of CPUE between July and March were similar among the last two quota years (2013/14 and 2014/15; Figure 3.3). In both quota years, lower catch rates were observed from July to September and the highest catch rates were recorded between November and February. Peak catch rates recorded in December and January in 2014/15 and 2013/14, respectively, were 39–45% higher than the average CPUE recorded between July and September. In 2014/15, estimates of CPUE were slightly higher between July and December compared to CPUE recorded over the same period in 2013/14. In 2013/14 and 2014/15, CPUE was lowest in June at 0.21 and 0.32 kg/potlift, respectively. Estimates of CPUE were highest in January 2013/14 at 0.68 kg/potlift and in December 2014/15 at 0.70 kg/potlift (Figure 3.3).
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[bookmark: _Ref333316716][bookmark: _Ref339293462][bookmark: _Toc430782926]Figure 3.3 Within season trends in nominal CPUE (kg/potlift) for the quota years 2013/14 and 2014/15 in the WZRLF. Source: Monthly Victorian Rock Lobster catch based on data from the Fisheries Integrated Licensing System and Quota Monitoring Interactive Voice Response (IVR) system.

[bookmark: _Toc430782891]Spatial analyses
Regional (refer to Figure 1.1) trends in catch, effort and CPUE broadly reflect estimates for the whole zone (Figure 3.4). In all three regions, the last six fishing years (2008‑2013) have seen catch decrease from the historically high levels taken during the late 1990s to some of the lowest levels of catch recorded. 
Trends in effort within each region have generally reflected those of catch, however some notable exceptions have occurred. For example, in Portland, from 2000/01 to 2004/05, effort decreased by approximately 34% to 348,000 potlifts while catch during the same period declined by approximately 18% to 229 t. In 2013/14, levels of effort in Portland, Warrnambool and Apollo Bay had declined to historically low levels of 277,000 and 126,000 and 76,000 potlifts, respectively. 
Regional levels of nominal and standardised CPUE generally declined from the late 1970s and from recent peaks in 2002/03 to be at, or near historically low levels of CPUE in 2009/10. However, since 2009/10 CPUE has generally increased across all regions. Most notably, the 2013/14 estimate of nominal CPUE in Warrnambool of 0.67 kg/potlift was the second highest recorded since 1984/85 (0.69 kg/potlift), and the estimate of nominal CPUE in Apollo Bay of 0.66 kg/potlift was the highest recorded since 2004/05 (0.66 kg/potlift).  
.
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[bookmark: _Toc430782927]Figure 3.4	Regional catch (t), effort (x1000 potlifts), and nominal and standardised CPUE (kg/potlift) in the WZRLF from 1978 to 2013.


[bookmark: _Toc423356272][bookmark: _Toc423356273][bookmark: _Toc430782892]Settlement and pre-recruit indices 
[bookmark: _Ref333304661][bookmark: _Toc430782893]Puerulus settlement index
Puerulus sampling sites in Victoria are located at Port Campbell and Apollo Bay in the Western Zone and Eastern Zone, respectively (refer to Figure 1.1). Trends in the puerulus settlement index (PSI) in Victoria resemble those observed in the SZRLF of South Australia (Figure 3.5), with higher levels of settlement in 2002, 2005 and 2006 observed in both regions. Between 2009 and 2013, the PSI in Victoria has remained relatively stable but is below the long-term average, ranging between 0.19 and 0.61 puerulus/collector. In 2013, the PSI was 0.37 puerulus/collector. The stronger levels of puerulus settlement in 2005 and 2006 are likely reflected in the relatively high catch rates recently recorded in the WZRLF between 2010/11 and 2013/14, indicating that lobsters in the WZRLF reach legal-size after a period of approximately five years following settlement.
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[bookmark: _Ref333822251][bookmark: _Toc430782928]Figure 3.5	Puerulus settlement index in the Southern Zone (SZ), Northern Zone (NZ) rock lobster fisheries of South Australia and Western Zone (WZ) rock lobster fishery of Victoria from 1998‑2013. Note: PSI data for WZ Victoria in 2005 and 2006 are from Port Campbell only, as collectors at Apollo Bay were removed during harbour redevelopment.

[bookmark: _Toc430782894]Pre-recruit indices
Catch rates of pre-recruits (undersized lobsters) are estimated from fixed-site surveys undertaken annually since 2001 and the onboard observer program since 2004. Catch rates of undersized male and female lobsters sampled in fixed-site surveys decreased by >50% from 2001/02 to 2007/08 (Figure 3.6). From 2007/08 to 2010/11, the catch rates of undersized lobsters of both sexes then increased, before declining over the next four seasons to all time historical lows of 0.37 undersized/potlift (male) and 0.48 undersized/potlift (female) in 2014/15. 
In the onboard observer program, the catch rates of undersized male and female lobsters increased between 2004/05 and 2005/06, decreased to low levels in 2007/08 and 2008/09, before increasing in 2011/12 to 0.43 and 0.59 undersized/potlift, for males and females, respectively. In 2013/14, the catch rates of undersized male and female lobsters decreased to 0.23 and 0.33 undersized/potlift, respectively. 
From 2001/02 to 2009/10, the catch rates of legal-size male and female lobsters sampled in fixed-site surveys generally decreased (Figure 3.6). The catch rate of legal sized lobsters of both sexes generally increased in fixed-site surveys between 2009/10 and 2013/14 but declined in 2014/15. These trends generally reflect the trends observed for undersized lobsters lagged by two to three years. 
Consistency in the relationship between catch rates of pre-recruits (undersize lobsters) and legal-size lobsters from the onboard observer program is less clear. From 2005/06 to 2009/10, the CPUE of legal-sized lobsters of both sexes generally decreased (Figure 3.6). However, in 2011/12 CPUE of legal-size males and female lobsters increased to 0.52 and 0.37 lobsters/potlift respectively, the highest recorded by the onboard observer program for both sexes. In 2013/14, the CPUE of legal-size male lobsters was 0.48 a slight decline since 2012/13 (0.50 lobsters/potlift). In contrast, in the same period, the CPUE of legal size females increased from 0.35 to 0.41 lobsters/potlift (Figure 3.6).
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[bookmark: _Ref333825138][bookmark: _Toc430782929]Figure 3.6	Number of legal-sized and undersized female (LML = 105 mm CL) and male (LML = 110 mm CL) lobsters per potlift in fixed-site surveys (top graph) and onboard observer program (bottom graph) in the WZRLF. Note: escape gaps open on pots for the onboard observer program and closed for the fixed-site survey.

[bookmark: _Toc423356277]The trends in the pre-recruit indices recorded for Victoria resembled those recorded from logbook data of the SZRLF of South Australia for the fishing seasons between 2001/02 and 2014/15. In the SZRLF, catch rates of pre-recruits peaked in 2001 at 1.84 undersized/potlift (Figure 3.7), but declined over the next seven seasons to a historical low of 0.86 undersized/potlift in 2008/09. Catch rates of pre-recruits then increased to 1.44 undersized/potlift in 2010/11 before decreasing to 0.96 undersized/potlift in 2014/15. These results are broadly consistent with those recorded in the Western Zone of Victoria, where the catch rates of pre-recruits sampled in fixed-site surveys decreased between 2001/02 and 2007/08, then increased up to 2010/11, before subsequently declining over the next four seasons between 2011/12 and 2014/15 (Figure 3.7). The consistencies between the two independent sources of pre-recruit data in Victoria and South Australia indicate that the factors driving recruitment in these fisheries are common across both areas.
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[bookmark: _Ref333829775][bookmark: _Ref335905809][bookmark: _Ref399247830][bookmark: _Toc430782930]Figure 3.7	Comparison of South Australian Southern Zone and Victorian Western Zone pre-recruit indices.

[bookmark: _Toc430782895]Zonal length-frequency distributions
Length-frequency data of male and female lobsters obtained through fixed-site surveys support the observed trends in pre-recruit indices and legal-size commercial catch rates (Figure 3.8). Specifically, from 2008/09 to 2009/10, the number of male and female lobsters sampled in size classes below the legal minimum length (LML) (per 1000 potlifts) was higher compared with other years, reflecting the increase in abundance of pre-recruits observed in both fixed site surveys and observer programs over the same period (Figure 3.6). The frequency of lobsters in size classes below the LML has decreased since 2010/11 reflecting the trends observed in fixed site survey pre-recruit outputs (Figure 3.6). The increased commercial catch rates seen across the fishery between 2010/11 and 2013/14 reflect the increase in number of legal-sized lobsters (105‑130 mm CL) entering the fishable biomass, especially for male lobsters (Figure 3.2 and Figure 3.8). 

[bookmark: _Ref334443692][bookmark: _Ref334443686][image: ]


























[bookmark: _Ref399248041][bookmark: _Toc430782931]Figure 3.8	Length-frequency distributions of male and female lobsters sampled on fixed-site surveys from 2008/09 to 2013/14 in the WZRLF. Blue and red dashed vertical lines represent minimum legal sizes for male and female lobsters, respectively.
[bookmark: _Toc430782896]Length-structured assessment model outputs
[bookmark: _Toc430782897]Model estimated recruitment (to 60 mm carapace length (CL))
Model-estimated recruitment (to 60 mm CL) has been highly variable over the last 30 years (Figure 3.9). From the late 1980s to the late 1990s, recruitment was mostly above the long-term average, however between 2000/01 and 2013/14, recruitment has largely been below average. The above average recruitment in 2007/08 and 2008/09 is likely to be a product of strong settlement seen in 2005 and 2006 and reflected in the increases in commercial catch rates recorded between 2010/11 and 2013/14 (Figure 3.2). It is important to note that recruitment (to 60 mm CL) estimates between 2009/10 and 2012/13 are below average. Although these low recruitment estimates are not yet reflected in 2013/14 catch rates due to the stronger recruitment years of 2007/08 and 2008/09 that are likely sustaining the fishery, the model estimates indicate that the number of legal-size lobsters entering the fishery may be reduced from 2014/15. 
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[bookmark: _Ref333835449][bookmark: _Toc430782932]Figure 3.9	Relative abundance of recruitment to 60 mm CL in the WZRLF, as used in the length-frequency model. Long-term historical average (solid black line) also indicated.
[bookmark: _Toc430782898]Biological reference points 
Egg production
The level of egg production in 2013/14 was estimated to be 71% of that estimated in 2001/02 (the reference year) with at least 75% probability (Figure 3.10). This 2013/14 estimate was above the biological limit reference point of 35% of egg production in 2001/02. 
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[bookmark: _Ref333831351][bookmark: _Toc430782933]Figure 3.10	Model estimated level of egg production through time in the WZRLF (above, with 75% probability; blue line). Limit reference point (35% of egg production in 2001/02; red line).

Available biomass 
The level of available biomass in 2013/14 was estimated with 50% probability to be 73% of that in 2001/02 (reference year). This was below the target biological reference point (BRP) of 159% of 2001/02 (Figure 3.11). Under the existing harvest strategy for the fishery, the model estimates that a TACC of 165 t would be required for the 2015/16 quota year to maintain biomass rebuilding on the target trajectory based on a 50% probability forward projection.

[image: ]









[bookmark: _Ref333831469][bookmark: _Toc430782934]Figure 3.11	Model-estimated levels of available biomass in the WZRLF (solid red line). Target reference point is 159% of available biomass in 2001/02 (dashed green line). Projected available biomass (dashed red line) given a TACC of 165 t for the 2015/16 quota year to rebuild available biomass to the biological reference point target by 2020/21. Backward projection of the biomass model (dotted red line).

Effects of CPUE standardisation on model estimates of available biomass
The current decision framework for the Victorian RLF states that modelled estimates of biomass, which use standardised CPUE data, are to be compared with trends in nominal (unstandardised or ‘raw’) CPUE over the most recent two year period. Modelled trends in available biomass for the WZRLF were similar to trends seen in nominal CPUE, and nominal CPUE collected in November to February of each fishing year (Figure 3.12). These data highlight the consistency between the model-estimated biomass outputs and nominal CPUE estimates. 
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[bookmark: _Ref338066579][bookmark: _Toc430782935]Figure 3.12	Model estimated available biomass in the WZRLF (black line) from fitting standardised CPUE, compared with measures of nominal CPUE (red line) and nominal CPUE from November to February (inclusive; blue line) from 2006/07 to 2013/14. The most recent two year period for comparison of model and CPUE trends is indicated by the green line.

[bookmark: _Toc430782899]Summary
From 2000/01 to 2008/09, annual catches in the WZRLF decreased by 55% from 525 t to 235 t. This is consistent with reductions in the TACC over the same period, from 450 t in 2001/02 (quota period 1 April to 31 March) to 240 t in 2009/10 (change in quota period; 1 July to 30 June; Walker et al. 2012c). Over the last six fishing years, fishing-year catch has remained stable and in 2013/14 was 266 t. Effort did not decline at the same rate as catch, and as a result in 2009/10 the fishery recorded a nominal CPUE estimate of 0.37 kg/potlift, the lowest on record and representing a 47% decrease since 2003/04 (0.70 kg/potlift).
Nominal CPUE has increased over the last four fishing years and in 2013/14 was 0.56 kg/potlift, representing a 51% increase from 2009/10. Standardised CPUE has increased by 37% from 0.30 kg/potlift to 0.41 kg/potlift over the same period. Patterns of catch and CPUE in each region of the WZRLF are similar to those in the whole fishery. Most notably, the 2013/14 nominal CPUE estimates recorded in Warrnambool (0.67 kg/potlift), and Apollo Bay (0.66 kg/potlift) were the highest since 1984/85 and 2004/05, respectively.   
Puerulus settlement indices (PSIs) across South Australia and Victoria indicate large-scale consistent patterns in settlement, with recent peaks in 2005 and 2006 evident in both States. The data presented indicate that the period from settlement to recruitment at 60 mm CL is approximately two years, with recruitment to legal-size approximately three years later. Overall, this suggests that the total period from settlement to legal-size is approximately five years in the WZRLF. Based on these data, this indicates that the latest increases in catch rates between 2010/11 and 2013/14 reflect the strong PSIs observed across South Australia and Victoria in 2005 and 2006. However, while CPUE of legal-sized lobsters has recently increased, fixed site surveys indicate that the number of pre-recruits in the fishery has steadily decreased since 2010/11 reflecting declining settlement levels after 2006/07. This, combined with low model-estimated recruitment (to 60 mm CL) between 2009/10 and 2013/14 suggest that future recruitment to the fishery may be reduced. 
The model estimated level of egg production in 2013/14 was 71% of the reference year and above the reference limit point of 35%. In contrast, the level of available biomass was estimated to be 73% of the reference year and below the reference target of 159%. Therefore, while model outputs indicate that biomass is increasing, it is expected that low recent recruitment trends will not allow biomass to rebuild to the 2020/21 target under a TACC level of 260 t. Based on a 50% probability, model outputs indicate that a 165 t TACC would be required for the 2015/16 quota year to maintain biomass rebuilding on the target trajectory. 


[bookmark: _Toc430782900]Eastern Zone Rock Lobster Fishery (EZRLF) 
[bookmark: _Toc430782901]Fishery statistics
[bookmark: _Toc430782902]Zonal catch and effort
From 1982/83 to 1988/89, catch in the EZRLF decreased annually from 143 t to 64 t (Figure 4.1, Table 4.1). Over the next 12 years (1989–2000), total catch was stable and averaged 69 t/yr (range 57–83 t/yr). In 2001, an initial TACC of 60 t was introduced for the 2002/03 season, where it remained until 2006/07 (Table 4.2). In 2007/08, the TACC was increased to 66 t where it remained until a reduction in 2012/13 to 48 t. Since the implementation of a TACC, catches have ranged between 40 t (2008/09) and 65 t (2010/11). In 2013/14, the TACC increased to 51 t and was the fourth consecutive season that the TACC was fully taken. 
Annual changes in effort generally reflected changes in catch from 1978/79 to 1987/88. From 1988/89, effort increased substantially relative to catch, reaching a historical peak of 260,000 potlifts in 1993/94 and remaining above 200,000 potlifts/yr until 2000/01. Since 2002/03, annual effort has reflected levels of catch, averaging approximately 126,000 potlifts/yr. Effort in 2013/14 was 114,000 potlifts/yr, which was a slight increase since 2012/13 (94,000 potlifts/yr), but the fourth lowest estimate on record and a decrease of 24% since 2010/11 (150,000 potlifts).
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[bookmark: _Ref320882546][bookmark: _Ref333912156][bookmark: _Toc430782936]Figure 4.1	Total catch (t) and nominal effort (x1000 potlifts) in the EZRLF from 1978/79–2013/14. Arrow indicates the introduction of a TACC in the 2001/02 season of 60 t.
[bookmark: _Toc430782920]Table 4.1 Eastern Zone catch (t and numbers of lobsters), fishing effort (potlifts), CPUE (kg per potlift) and mean mass of lobsters (kg). (Fishing Year: November-September; SRL: Southern Rock Lobster; CPUE: Catch per unit effort). Data Source: Fisheries Victoria Catch and Effort Database (December 2014) for period 1978-79 to 2013-14.
	Fishing year
	Catch
(t)
	Catch
(‘000)
	Nominal effort
(‘000 potlifts)
	Nominal CPUE
(kg per potlifts)
	Standardised CPUE
(kg per potlifts)
	Mean mass of SRL
(kg)

	1951-52
	92
	
	34
	2.70
	
	

	1952-53
	141
	
	68
	2.07
	
	

	1953-54
	166
	
	77
	2.16
	
	

	1954-55
	182
	
	66
	2.75
	
	

	1955-56
	116
	
	51
	2.27
	
	

	1956-57
	116
	
	57
	2.01
	
	

	1957-58
	147
	
	76
	1.93
	
	

	1958-59
	123
	
	82
	1.50
	
	

	1959-60
	135
	
	73
	1.84
	
	

	1960-61
	147
	
	86
	1.70
	
	

	1961-62
	177
	
	92
	1.92
	
	

	1962-63
	158
	
	84
	1.88
	
	

	1963-64
	139
	
	91
	1.52
	
	

	1964-65
	121
	
	99
	1.22
	
	

	1965-66
	131
	
	105
	1.25
	
	

	1966-67
	120
	
	109
	1.10
	
	

	1967-68
	77
	
	77
	1.01
	
	

	1968-69
	107
	
	93
	1.15
	
	

	1969-70
	174
	
	159
	1.10
	
	

	1970-71
	160
	
	176
	0.91
	
	

	1971-72
	123
	
	183
	0.97
	
	

	1972-73
	118
	
	169
	0.70
	
	

	1973-74
	128
	
	152
	0.84
	
	

	1974-75
	93
	
	114
	0.81
	
	

	1975-76
	104
	
	123
	0.84
	
	

	1976-77
	108
	
	130
	0.83
	
	

	1977-78
	102
	
	122
	0.83
	
	

	1978-79
	139
	123
	192
	0.72
	0.71
	1.13

	1979-80
	116
	108
	171
	0.67
	0.55
	1.07

	1980-81
	133
	123
	180
	0.74
	0.56
	1.09

	1981-82
	131
	120
	193
	0.68
	0.49
	1.09

	1982-83
	143
	132
	212
	0.68
	0.53
	1.09

	1983-84
	136
	128
	230
	0.59
	0.48
	1.06

	1984-85
	113
	96
	201
	0.56
	0.40
	1.17

	1985-86
	95
	81
	175
	0.54
	0.35
	1.17

	1986-87
	78
	66
	145
	0.54
	0.36
	1.18

	1987-88
	70
	62
	130
	0.54
	0.32
	1.13

	1988-89
	64
	60
	145
	0.44
	0.30
	1.06

	1989-90
	83
	85
	198
	0.42
	0.30
	0.99

	1990-91
	72
	72
	172
	0.42
	0.32
	1.00

	1991-92
	65
	64
	175
	0.37
	0.29
	1.02

	1992-93
	69
	63
	224
	0.31
	0.24
	1.10

	1993-94
	79
	68
	260
	0.30
	0.21
	1.16

	1994-95
	72
	58
	253
	0.28
	0.19
	1.24

	1995-96
	57
	48
	220
	0.26
	0.19
	1.19

	1996-97
	60
	48
	222
	0.27
	0.18
	1.25

	1997-98
	66
	54
	221
	0.30
	0.19
	1.23

	1998-99
	67
	58
	220
	0.31
	0.22
	1.16

	1999-00
	75
	71
	232
	0.32
	0.23
	1.05

	2000-01
	73
	67
	219
	0.33
	0.23
	1.08

	2001-02
	53
	50
	151
	0.35
	0.25
	1.08

	2002-03
	52
	48
	134
	0.39
	0.27
	1.09

	2003-04
	56
	51
	133
	0.42
	0.30
	1.09

	2004-05
	55
	49
	136
	0.40
	0.30
	1.13

	2005-06
	52
	46
	122
	0.43
	0.31
	1.14

	2006-07
	54
	48
	136
	0.40
	0.31
	1.13

	2007-08
	46
	39
	123
	0.37
	0.28
	1.19

	2008-09
	39
	32
	108
	0.37
	0.29
	1.24

	2009-10
	55
	50
	146
	0.38
	0.30
	1.11

	2010-11
	66
	62
	150
	0.44
	0.33
	1.05

	2011-12
	62
	55
	114
	0.54
	0.40
	1.13

	2012-13
	48
	43
	94
	0.51
	0.42
	1.11

	2013-14
	59
	48
	114
	0.52
	0.44
	1.22




[bookmark: _Toc430782921]Table 4.2 Eastern Zone history of TACCs for each quota period from 2002/03 to 2013/14 (TACC: Total Allowable Commercial Catch). *Quota was introduced 1 November 2001 for a shortened quota period. Data Source: Fisheries Victoria FILS Database.
	
	
	TACC set
	TACC Caught
	Number of
months fished
	Number of active
licenses
	Number of
vessels

	Quota year
	Period
	(t)
	(tonne)
	%
	
	
	

	 2001/02*
	1 Nov - 31 Mar
	42
	
	
	
	
	

	2002/03
	1 Apr - 31 Mar
	60
	49.9
	83
	12
	39
	34

	2003/04
	1 Apr - 31 Mar
	60
	54.4
	91
	12
	41
	36

	2004/05
	1 Apr - 31 Mar
	60
	53.2
	89
	12
	41
	39

	2005/06
	1 Apr - 31 Mar
	60
	55.7
	93
	12
	30
	29

	2006/07
	1 Apr - 31 Mar
	60
	53.5
	89
	12
	30
	30

	2007/08
	1 Apr - 31 Mar
	66
	50.1
	76
	12
	31
	31

	2008/09
	1 Apr - 31 Mar
	66
	41.3
	63
	12
	26
	24

	2009/09
	1 Apr - 30 Jun
	6.9
	5.8
	84
	3
	19
	20

	2009/10
	1 Jul - 30 Jun
	66
	43.9
	67
	12
	22
	21

	2010/11
	1 Jul - 30 Jun
	66
	64.8
	98
	12
	29
	28

	2011/12
	1 Jul - 30 Jun
	66
	65.3
	99
	12
	25
	26

	2012/13
	1 Jul - 30 Jun
	48
	47.3
	99
	12
	26
	25

	2013/14
	1 Jul - 30 Jun
	51
	50.8
	100
	12
	27
	27



[bookmark: _Toc430782903]Zonal catch per unit effort (CPUE) 
Nominal and standardised CPUE show similar trends through time although standardised CPUE is consistently lower (Figure 4.2). Nominal CPUE decreased from 1978/79 (0.72 kg/potlift) to 1995/96 (0.26 kg/potlift), the lowest level on record. Following annual increases from 1996/97 to 2003/04, nominal CPUE decreased from 0.43 kg/potlift in 2005/06 to 0.37 kg/potlift in 2008/09. Nominal CPUE has increased since 2008/09 and in 2013/14 was 0.52 kg/potlift. Standardised CPUE increased from 0.29 kg/potlift to 0.44 kg/potlift in the same five year period.
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[bookmark: _Ref333922239][bookmark: _Toc430782937]Figure 4.2	Nominal and standardised CPUE (kg/potlift) in the EZRLF from 1978/79–2013/14.

[bookmark: _Toc430782904]Within season trends in CPUE
Trends in CPUE between July and March were similar in the last two quota years (2013/14 and 2014/15; Figure 4.3). However, catch rates in 2014/15 were 4.1% to 21.2% higher between July and December compared to 2013/14. In both 2013/14 and 2014/15, the highest catch rates were recorded in December, at 0.66 and 0.79 kg/potlift, respectively. In 2013/14 and 2014/15, the lowest catch rates were recorded in June at 0.27 and 0.36 kg/potlift, respectively (Figure 4.3).
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[bookmark: _Ref333925467][bookmark: _Ref339293673][bookmark: _Toc430782938]Figure 4.3	Within season trends in nominal CPUE (kg/potlift) from July to June for the quota years 2013/14 and 2014/15 in the EZRLF. Source: Monthly Victorian Rock Lobster catch based on data from the Fisheries Integrated Licensing and Quota Monitoring Interactive Voice Response (IVR) system.

[bookmark: _Toc430782905]Spatial analyses 
Among the three regions of the EZRLF (refer to Figure 1.1) catches have generally declined from the historical peaks observed during the late 1970s and early 1980s (Figure 4.4). After the implementation of quota in 2001/02, catches decreased in each region. Some of the lowest levels in catch were recorded as recently as 2008/09 at Queenscliff (21.2 t) and Lakes Entrance (1.3 t). At San Remo, the lowest annual catch recorded was 13.2 t in 2002/03, with <14 t/yr caught in the following two years. From 2005/06 to 2012/13, annual catches at San Remo averaged 21.6 t/yr, and in 2013/14 the catch was 19.2 t. In Queenscliff the catch has increased since 2008/09 and in 2013/14 was 37.6 t. The least amount of catch recorded in 2013/14 was 2.0 t from Lakes Entrance.
Trends in effort generally followed those of catch until the late 1980s and early 1990s, after which effort increased to historically high levels in 1993/94 at Queenscliff (147,000 potlifts) and San Remo (101,000 potlifts), and in 1994/95 at Lakes Entrance (22,000 potlifts). Since this time, effort has decreased to historically low levels at Queenscliff in 2012/13 (54,000 potlifts), at San Remo in 2003/04 (34,000 potlifts), and at Lakes Entrance in 2008/09 (2,000 potlifts). In 2013/14, the effort estimates for Queenscliff, San Remo and Lakes Entrance were 72,000, 38,000 and 4,000 potlifts, respectively. These levels of effort are at, or close to, historical lows recorded in all regions.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref333927843]Nominal and standardised CPUE (kg/potlift) show similar tends through time at Queenscliff and San Remo. Nominal CPUE generally declined from 1978/79 to historically low levels in 1996/97 in both regions, whereafter it has increased to 0.52 kg/potlift (Queenscliff) and 0.50 kg/potlift (San Remo) in 2013/14. The 2012/13 CPUE estimate of 0.52 kg/potlift in Queenscliff is the second highest on record since 1983/84 (0.58 kg/potlift). Trends in CPUE at Lakes Entrance have been more variable than the other regions, with less agreement between nominal and standardised CPUE. In 2013/14, levels of CPUE at Lakes Entrance were 0.53 kg/potlift (nominal) and 0.26 kg/potlift (standardised). Estimates of CPUE from this region should be viewed with caution considering the overall low levels of catch and effort in recent years.
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[bookmark: _Ref399248186][bookmark: _Toc430782939]Figure 4.4	Catch (t), effort (x1000 potlifts) and nominal and standardised CPUE (kg/potlift) in the EZRLF from 1978/79 to 2013/14.


[bookmark: _Toc430782906]Settlement and pre-recruit indices
[bookmark: _Toc430782907]Puerulus settlement index 
[bookmark: _Toc423356293]As detailed in Section 3.2.1, trends in the puerulus settlement index (PSI) in Victoria resemble those observed in the Southern Zone Rock Lobster Fishery (SZRLF) of South Australia (Figure 3.5), with higher levels of settlement in 2002, 2005 and 2006 observed in both regions. The stronger levels of puerulus settlement in 2005 and 2006 are likely reflected in the relatively high catch rates recently recorded in the EZRLF between 2010/11 and 2013/14, indicating that lobsters in the EZRLF reach legal-size after a period of approximately five years following settlement.
[bookmark: _Toc430782908]Pre-recruit indices
The catch rates of pre-recruits (undersized lobsters) are estimated from fixed-site surveys undertaken annually since 2001 and the onboard observer program since 2004 (Figure 4.5). Overall, the catch rates of undersized lobsters are approximately 50% greater in fixed-site surveys, compared to the onboard observer program, possibly reflecting the different seasonal timing in the surveys.
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[bookmark: _Ref334003913][bookmark: _Ref399248365][bookmark: _Toc430782940]Figure 4.5	Number of undersized female (LML = 105 mm CL) and male (LML = 110 mm CL) lobster per potlift in fixed-site surveys and onboard observer program in the EZRLF. 
The catch rates of undersized male and female lobsters in fixed-site surveys showed peaks in 2002/03, 2005/06 and 2011/12, and generally increased from 2006/07 to 2011/12 (Figure 4.5). The relatively high catch rates of undersize lobsters recorded between 2008/09 and 2011/12 in the fixed-site surveys are likely reflected in the relatively high levels of CPUE observed for legal sized lobsters between the 2010/11 and 2013/14 fishing seasons (Figure 4.2) and are consistent with the progression of lobsters from pre-recruit to legal-size over a period of two to three years.  
Since 2011/12, the catch rates of undersized male and female lobsters have declined in the fixed site surveys, reaching 0.02 and 0.04 undersized/potlift, respectively. Catch rates of undersized male and female lobsters in the onboard observer program have also declined since 2011/12 to 0.06 to 0.08 undersized/potlift, respectively. These results indicate that the number of legal-sized lobsters entering the fishable biomass may be reduced in future years. 
[bookmark: _Toc430782909]Zonal length-frequency distributions 
Length-frequency data obtained through fixed-site surveys support changes in commercial catch rates despite low sample sizes in some years (e.g. 2008/09 and 2009/10) (Figure 4.6). The relative increase in male and female lobster abundance within the 105-130 mm CL size range, between 2010/11 and 2013/14 reflects the increase in catch rates of legal size lobsters observed across the fishery during these seasons (Figure 4.2). It should be noted that escape gaps are not closed in fixed site surveys in the EZRLF. Consequently, the number of male lobsters <110 mm (CL) and female lobsters <105 mm (CL) sampled is relatively less in the EZRLF than occurs during fixed site surveys in the WZRLF (Section 3.3). 
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[bookmark: _Ref334449215]
























[bookmark: _Ref399248649]
[bookmark: _Toc430782941]Figure 4.6	Length-frequency distributions of male and female lobsters sampled on fixed-site surveys from 2008/09 to 2013/14 in the EZRLF. Blue and red dashed vertical lines represent minimum legal sizes for male and female lobsters, respectively.

[bookmark: _Toc430782910]Length-structured assessment model outputs 
[bookmark: _Toc430782911]Model estimated recruitment (to 60 mm carapace length; (CL))
Model-estimated recruitment has been highly variable over the last 30 years. From 2001/02 to 2006/07, recruitment strength was below the long-term average for the fishery (Figure 4.7). However, levels in 2007/08 and 2008/09 were the highest on record and have likely resulted in the recent increases in CPUE over the last three seasons (Figure 4.2). Recruitment estimates from 2009/10 to 2012/13 were below the long-term average. In 2013/14, recruitment levels were slightly above the long term average and the highest recorded in the last five years (Figure 4.7). 
[image: ]











[bookmark: _Ref334106113][bookmark: _Ref402436373][bookmark: _Toc430782942]Figure 4.7	Relative abundance of recruitment to 60 mm CL in the EZRLF, as used in the length-frequency model. Long-term historical average (solid black line) is also indicated.
[bookmark: _Toc423356298][bookmark: _Toc423356299][bookmark: _Toc423356300][bookmark: _Toc423356301][bookmark: _Toc423356302][bookmark: _Toc423356303][bookmark: _Toc423356304][bookmark: _Toc423356305][bookmark: _Toc423356306][bookmark: _Toc423356307][bookmark: _Toc423356308][bookmark: _Toc423356309][bookmark: _Toc423356310][bookmark: _Toc423356311][bookmark: _Toc423356312][bookmark: _Toc423356313][bookmark: _Toc423356314][bookmark: _Toc423356315][bookmark: _Toc423356316][bookmark: _Toc423356317][bookmark: _Toc423356318][bookmark: _Toc423356319][bookmark: _Toc423356320][bookmark: _Toc423356321][bookmark: _Toc423356322][bookmark: _Toc423356323][bookmark: _Toc423356324][bookmark: _Toc423356325][bookmark: _Toc430782912]Biological reference points
Egg production
The level of egg production in 2013/14 was estimated to be 155% of that estimated for 2001/02 (the reference year) with at least 75% probability. The 2013/14 estimate was above the biological reference point limit of 104% of egg production in 2001/02 (Figure 4.8). 
[image: EZ egg prodn model outputs 1950_2013]









[bookmark: _Ref334169310][bookmark: _Toc430782943]Figure 4.8	Model estimated level of egg production through time in the EZRLF (above, with 75% probability; blue line). Limit reference point is 104% of egg production in 2001/02 (dashed red line).

Available biomass
The model estimated level of available biomass in 2013/14 was 141% of that in 2001/02 (the reference year). This estimate was below the biological reference point target of 184% of the estimated available biomass in 2001/02 (Figure 4.9). Under the existing harvest strategy, the model estimates that a TACC of 51 t would be required for the 2015/16 quota year to maintain biomass rebuilding on the target trajectory based on a 50% probability forward projection.
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[bookmark: _Ref334171311][bookmark: _Toc430782944]Figure 4.9	Model estimated levels of available biomass in the EZRLF (solid red line). Target reference point is 184% of available biomass in 2001/02 (dashed green line). Projected available biomass (dashed red line) given a TACC of 51 t for the 2015/16 quota year to rebuild available biomass to the biological reference point target by 2020/21. Backward projection of the biomass model is represented by red dotted line.
Effects of CPUE standardisation on available biomass trajectories 
The current decision framework for the Victorian RLF states that modelled estimates of biomass are to be compared with trends in nominal (unstandardised or ‘raw’) CPUE over the most recent two year period (Figure 4.10). Analyses showed a divergence in trends from 2011/12 to 2013/14, with nominal CPUE marginally decreasing while biomass estimates continued to increase. A further analysis of the data revealed that this divergence was a function of the filtering process requiring fishers to have been in the fishery 200 days and more than 2 separate fishing years.
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[bookmark: _Ref371332764][bookmark: _Toc430782945]Figure 4.10	Model-estimated available biomass in the EZRLF (black line) using standardised CPUE data compared with 1) measures of nominal CPUE (red line) and 2) nominal CPUE from November to February (inclusive; blue line) from 2006/07 to 2013/14. The most recent two year period for comparison of model and CPUE trends is indicated by the green line.

[bookmark: _Toc430782913]Summary
Annual catches have generally declined over the history of the fishery, to their lowest level in 2008/09 (39.5 t). Since the implementation of a TACC in 2001, catches have ranged between 40 t (2008/09) and 65 t (2010/11). In 2013/14, the TACC increased to 51 t, and was the fourth consecutive season that the TACC was fully taken. 
Since 2002/03, annual effort has generally reflected levels of catch. Nominal CPUE increased since 1995/96, but declined from 0.43 kg/potlift in 2005/06 to 0.37 kg/potlift in 2008/09. Since 2008/09, nominal CPUE has increased and in 2013/14 was 0.52 kg/potlift, representing a 41% increase since 2008/09. Patterns of catch, effort and CPUE among regions are similar to those recorded for the whole fishery.
Consistent large-scale patterns in puerulus settlement indices (PSIs) in Victoria and South Australia have been recorded. The EZRLF and WZRLF also indicate broadly similar trends in model-estimated recruitment. The stronger levels of puerulus settlement in 2005 and 2006 are likely reflected in the relatively high catch rates recently recorded in the EZRLF between 2010/11 and 2013/14, indicating that lobsters in the EZRLF reach legal-size after a period of approximately five years following settlement.
The relatively high catch rates of undersize lobsters recorded between 2008/09 and 2011/12 in the fixed-site surveys are likely reflected in the relatively high levels of CPUE observed for legal sized lobsters between the 2010/11 and 2013/14 fishing seasons (Figure 4.2) and are consistent with the progression of lobsters from pre-recruit to legal-size over a period of two to three years.  Overall, as with the WZRLF, this suggests that the EZRLF is currently experiencing an increase in recruitment of legal-sized lobsters to the fishery. However since 2011/12, the catch rates of undersized lobsters have declined indicating that the number of legal-sized lobsters entering the fishable biomass may be reduced in future years. 
The level of egg production in 2013/14 was 155% of that in 2001/02 and above the limit reference point of 104%. In contrast, the level of available biomass was estimated to be 141% of that in the reference year and below the target reference point of 184%. The forward projection model indicated with 50% probability that a TACC of 51 t in the 2015/16 quota year would maintain the rebuild rate required to achieve the target biomass by 2020/21.

[bookmark: _Toc430782914]Giant Crab Fishery 
[bookmark: _Toc430782915]Fishery statistics
Based on data for the quota (licensing) year (July to June), the total annual catch (targeted and non-targeted) of giant crab peaked at 170 t in 1993/94 (Figure 5.1). Since then, catches have generally declined, reaching a record low of 8.0 t in 2001/02. Quota management was introduced in 2001/02 and the TACC was set at 25 t. Between 2004/05 and 2009/10, catches averaged approximately 20 t but then began to decline. TACCs have been reduced accordingly. In 2013/14, the TACC was 9.5 t with a total catch of 6.5 t, of which 6.4 t was targeted (Figure 5.1; Table 5.1).
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[bookmark: _Ref334183497]
[bookmark: _Toc430782946][bookmark: _Ref334186327][bookmark: _Toc134853624][bookmark: _Toc134853789][bookmark: _Toc134853927][bookmark: _Toc134853988][bookmark: _Toc134854049][bookmark: _Toc134854231][bookmark: _Toc134854292][bookmark: _Toc134854353][bookmark: _Toc134854414][bookmark: _Toc134854536][bookmark: _Toc134854597][bookmark: _Toc134854658][bookmark: _Toc134854719][bookmark: _Toc134854878][bookmark: _Toc134854939][bookmark: _Toc134855533][bookmark: _Toc134855586][bookmark: _Toc134856275][bookmark: _Toc134856381][bookmark: _Toc134857342]Figure 5.1	Total catch (t) and targeted catch history for the Victorian Giant Crab Fishery. (Black line indicates a TACC introduction in 2001 of 25 t).






[bookmark: _Toc424305268][bookmark: _Toc430782922]Table 5.1 Catch and corresponding TACCs for Giant Crab in each licensing season between 1990/91 and 2013/14.
	Licensing season
	TACC (t)
	Total catch (t)
	Licensing season
	TACC (t)
	Total catch (t)

	1990/91
	No TACC
	14.3
	2003/04
	25
	11.9

	1991/92
	No TACC
	54.6
	2004/05
	25
	20.4

	1992/93
	No TACC
	148.8
	2005/06
	25
	21.4

	1993/94
	No TACC
	170.5
	2006/07
	25
	21.8

	1994/95
	No TACC
	66.8
	2007/08
	25
	22.7

	1995/96
	No TACC
	36.1
	2008/09
	25
	20.0

	1996/97
	No TACC
	57.6
	2009/10
	25
	24.3

	1997/98
	No TACC
	57.7
	2010/11
	25
	17.4

	1998/99
	No TACC
	51.3
	2011/12
	18
	13.0

	1999/00
	No TACC
	34.4
	2012/13
	12
	10.2

	2000/01
	No TACC
	23.6
	2013/14
	9.5
	6.5

	2001/02
	25
	7.9
	2014/15
	10.5
	10.1

	2002/03
	25
	9.2
	2015/16
	10.5
	



CPUE peaked in 1993/94 at 3.21 kg/24 hr potlift; before generally declining to 0.28 kg/24 hr potlift in 2002/03. CPUE then increased to 1.35 kg/24 hr potlift in 2005/06 but has since declined reaching 0.53 kg/24 hr potlift in 2013/14. The 2013/14 estimate represents one of the lowest catch rates on record but remains marginally above the limit reference point of 0.52 kg/24 hr potlift.
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[bookmark: _Ref399238170]
[bookmark: _Toc430782947]Figure 5.2	Catch rate (CPUE (kg/24 hr potlift)) from targeted fishing by fishers with >1 t catch of giant crab and corrected for a maximum of 4 days soak using a slope of 0.38. Dashed red line and solid black line represent limit and trigger reference points, respectively.

[bookmark: _Toc430782916]Summary
A TACC and individually transferable quota was implemented in the GCF in the 2001/02 season. Management changes required catches to be reported as either targeting fishing of giant crab or as by-catch from the Rock Lobster Fishery. Over the last three years, total catches have declined from 24.3 t in 2009/10 to 6.5 t in 2013/14. Catch rates (kg/24 hr potlift), as estimated from targeted fishing by fishers with >1 t catch/yr, have generally declined over the last decade but have stabilised in the last three fishing seasons (Figure 5.2). In 2013/14, the estimate of 0.53 kg/24 hr potlift was one of the lowest estimates on record but remains marginally above the limit reference point of 0.52 kg/24 hr potlift. In 2014/15, the TACC was 10.5 t. Based on the 2013/14 CPUE estimate, the current harvest strategy recommends retaining the TACC at 10.5 t for the 2015/16 season.
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