ﬁﬁﬁ‘? Department of
| /a4 Primary Industries and L. .
Regional Development Dlgltal L|brary
WESTERN AUSTRALIA

Fisheries research reports Fishing & aquaculture

2-2018

Improving confidence in the management of the blue swimmer
crab (Portunus armatus) in Shark Bay PART lll: Proceedings of the
Third National Workshop on Blue Swimmer Crab Portunus
armatus Western Australian Fisheries and Marine Research
Laboratories, Hillarys, Perth, 3 — 4 June 2015. FRDC Project No.
2012/15

Arani Chandrapavan

Follow this and additional works at: https://researchlibrary.agric.wa.gov.au/fr_rr

b Part of the Aquaculture and Fisheries Commons

Recommended Citation

Chandrapavan, A. (2018), Improving confidence in the management of the blue swimmer crab (Portunus
armatus) in Shark Bay PART lll: Proceedings of the Third National Workshop on Blue Swimmer Crab
Portunus armatus Western Australian Fisheries and Marine Research Laboratories, Hillarys, Perth, 3 — 4
June 2015. FRDC Project No. 2012/15. Department of Primary Industries and Regional Development,
Perth. Report 285.

This report is brought to you for free and open access by the Fishing & aquaculture at Digital Library. It has been
accepted for inclusion in Fisheries research reports by an authorized administrator of Digital Library. For more
information, please contact library@dpird.wa.gov.au.















3.5 What Factors Influence the Vulnerability of the Cockburn
Sound Crab Stock to Fishing Mortality

Alex Hesp, Danielle Johnston, Rachel Evans, Ainslie Denham and Norm Hall
Research Scientist, WA Department of Fisheries
Alex.Hesp@fish.wa.gov.au

During the last decade, the stock of blue swimmer crabs in Cockburn Sound declined twice to
very low levels requiring, on both occasions, strong management (i.e. fishery closures) to
facilitate stock recovery. In the years just prior to the initial stock decline in the mid-2000s,
fishing pressure was very high relative to historical levels, implying that fishing pressure may
have been an important factor contributing to that decline. Such a view, however, is at odds
with the results of a previous study based on per recruit modelling, which indicated that the
Cockburn Sound crab stock is likely to be resilient to high levels of fishing pressure, even if
individuals had started to be fished at young age (0.4-0.5 years) and small size (70-81 mm
CW) (Melville-Smith et al. 2001).

Using, as a starting point, the same general type of model developed by Melville-Smith et al.
(2001), we explored the extent to which alternative modelling assumptions impact on model
estimates of the relationship between stock abundance (i.e. spawning biomass) and fishing
mortality. Firstly, we confirmed that a per-recruit model of the same form as constructed in
the earlier study yielded the same results.

The model was then extended to include a 2-month temporal closure (which was in place
during recent years when the fishery was open), post-release mortality of undersize crabs and
berried females of 10%, and sex-specific selectivity to trap gear. The latter assumption was
based on empirical data demonstrating that the abundance of females in traps is negatively-
related to that of males (presumably due to agonistic male behaviours towards females when
in traps). Although, by including these additional assumptions, the model better captured the
seasonal dynamics associated with commercial catch of female and male crabs, it still
indicated that the stock is resilient to high levels of fishing pressure.

Next, variation in growth among individual crabs (based on a common standard deviation for
the mean lengths of crabs at age, derived by fitting a seasonal growth curve to length
frequency data) was incorporated into the model. This accounted for faster-growing crabs
becoming vulnerable to fishing at relatively younger ages compared to slower-growing crabs,
and also allowing for the possibility that some crabs may never even grow to attain the
minimum legal size and become vulnerable to fishing throughout life. Although incorporating
variation in growth improved the realism of the model, it still indicated that crab stock is
resilient to high fishing pressure.

Finally, the model was extended further to include a (Beverton and Holt) stock-recruitment
relationship, which thereby accounted for impacts of fishing on recruitment, i.e. through its
impact on spawning biomass. The sensitivity of the model to two alternative values for the
steepness parameter of the stock-recruitment relationship, which affects its shape, was
explored, i.e. 0.75 and 0.4 (Figure 12a, b). Assuming a value of 0.75, i.e. which implies that
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recruitment is only weakly dependent on stock size, except when stock size is reduced to a low
level, the model behaves in a manner similar to that described above for the models without a
stock recruitment relationship (Figure 12¢). However, lowering the value to 0.4, which results
in a “shallower” curve, implying that recruitment is strongly-linked to stock size at all stock
sizes, leads to a very different result. That is, high values of fishing mortality are now expected
to cause a marked reduction in stock size (using spawning potential ratio as an indicator of
spawning stock size). It is thus relevant that existing empirical data on the stock-recruitment
relationship for crabs in Cockburn Sound suggests that this stock does, in fact, have a relatively
shallow stock recruitment curve (de Lestang et al. 2010).

The key implications resulting from this modelling exploration was that 1) it is important to
consider the relationship between recruitment and stock size when constructing fisheries models
for crab stocks and 2) that the crab stock in Cockburn Sound may be far less resilient to fishing
pressure than once thought and therefore 3) that effective management to prevent overfishing is
vital for ensuring the sustainability of this stock. An important aspect that was not considered in
this model exploration is impacts of factors other than fishing on stock size. Thus, for future
work, it is recommended that the impact of environment factors on stock size be explored, ideally
in a modelling-based framework that also accounts for impacts of fishing mortality.
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Figure 12. Beverton and Holt stock-recruitment relationships for blue swimmer crabs assuming
steepness values of a) 0.75 and c) 0.4. Estimates of spawning potential ratio (SPR, the
level of spawning biomass for a given level of fishing mortality relative to that for an
unfished stock) derived assuming a steepness values of b) 0.75 and d) 0.4. Note that a
value of SPR is often considered as a limit reference point, below which the stock is at
high risk of recruitment failure.
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6 Session 5: Recreational Fishing and Surveys

Chaired by Karina Ryan, Senior Research Scientist, WA Department of Fisheries

6.1 National Perspective of Recreational Fishing for Blue
Swimmer Crab

Karina Ryan, Steve Taylor, Crystal Beckmann, Daniel Johnson and Wayne Sumpton

While commercial catches are reported with statutory reporting, which provides an assumed
census or true measure with no sampling error, it is often impossible or impractical to collect
data from all recreational fishers. Survey sampling is the only feasible way of collecting data
from large populations to provide information at lower costs. Importantly, surveys can be
representative of the population when probability-based sampling designs are used. These
designs can allow the potential forms of survey error to be minimised (see Figure 18),
providing accurate and cost-effective data.

Although most states have a long history of recreational fishing surveys, the National
Recreational Fishing Survey (NRFS, Henry and Lyle 2003) was the largest survey of its kind
to be conducted in Australia. This survey has been described as concurrent state-wide surveys
over the same time frame (1 May 2000—30 Apr 2001) using the same phone-diary survey
methodology (with a cross-sectional screening to recruit diarists and a 12-month longitudinal
phone-diary survey to collect detailed catch and effort information). Fishers were randomly
selected from White Pages telephone directories and sample data expanded using Australian
Bureau of Statistics (ABS) Estimated Resident Population.

The estimated total recreational catch of blue swimmer crab nationally in 2011/12 was
6,608,977 (by number), including 3,905,057 kept and 2,703,920 released. More than half the
total catch was from Western Australia (57%), with catches also reported in South Australia
(29%), New South Wales (11%), Queensland (4%) and the Northern Territory (<1%). The
majority of catches were taken: by pots or traps (78%) compared with hand collecting, nets
and line (22%); in estuarine habitat (52%) compared with coastal (46%) and offshore (2%);
and by boat-based fishers (77%) compared with shore-based fishers (23%). Additionally 41%
of catches were released, which was most likely in response to size limits and restrictions on
harvesting females.

Estimates of the kept recreational catch by state (Table 4), with the exception of the Northern
Territory, were considered to be robust in terms of the sample size and precision. The
estimated average weight of individual blue swimmer crab kept by recreational fishers for
each state were obtained from concurrent on-site surveys, previous surveys or ‘best-guess’
estimates where limited empirical data were available. The conversion of catch by numbers to
weight indicated that catches kept by fishers exceeded 1,000 tonnes nationally.

The phone-diary survey methodology has been employed in state-wide repeat surveys in:
New South Wales from 1 June 2013 to 31 May 2014 (in prep.); Queensland from 1 October
2010 to 30 September 2011 (Taylor et al. 2012) and 1 November 2013 to 31 October 2014
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(Webley et al. 2015.); South Australia from 1 November 2007 to 31 October 2008 (Jones
2009) and 1 December 2013 to 30 November 2014 (in prep.); Tasmania from 1 December
2007 to 30 November 2008 (Lyle et al. 2009) and 1 November 2012 to 31 October 2013
(Lyle et al. 2014), the Northern Territory from 1 April 2009 to 31 March 2010 (West et al.
2012) and Western Australia from 1 March 2011 to 29 February 2012 (Ryan et al. 2013) and
1 May 2013 to 30 April 2014 (Ryan et al. 2015).

A current ABARES project aims to develop a Framework for a National Recreational Fishing
Survey. It is likely this framework will recommend aligning state-wide surveys, with
consideration of: different sampling frames, which is a household-based PSU from white
pages sampling and person-based PSU from licence sampling; incomplete sampling frame
coverage, including unlisted numbers and licence exemptions (potentially with dual frame
designs); and reporting of inter-state fishing.

6.1.1 South Australia

The state-wide survey in South Australia has been repeated twice since 2000/01: from 1
November 2007 to 31 October 2008 (Jones 2009) and 1 December 2013 to 30 November
2014 (in prep). The phone-diary methodology used was consistent with the NRFS with
sampling from the White Pages and expansion to ABS population profiles. The more recent
surveys, however, included South Australian residents only, and were analysed using the R
recsurvey package along with reanalysis of 2000/01 data (Lyle et al. 2010).

The estimated total recreational catch in South Australia by South Australian residents in
2007/08 was 1,876,490 (se=385,297) blue swimmer crabs, with 1,144,837 (se=268,749) kept
and 731,653 (se=160,107) released, indicating 39% of catches were released (Jones 2009).
The majority of the catch was from Gulf St Vincent and Kangaroo Island (58%) and the
Spencer Gulf (39%), with minor catches from West Coast (3%) and Coorong Lagoon (<1%).
The majority of catches were taken: by crab nets (hoop or drop nets) (~75%), by hand-held
crab rakes, baited lines & other (surface dab netting, diving and spearing) (~25%); and by
boat-based fishers (64%) compared with shore-based fishers (36%). The total number of blue
swimmer crab caught increased by 20% from 1.56 million in 2000/01 to 1.88 million crabs in
2007/08, with the release rate increasing from 33% to 39%.

6.1.2 Queensland

The state-wide survey in Queensland has been repeated twice since 2000/01: 1 October 2010
to 30 September 2011 (Taylor et al. 2012) and 1 November 2013 to 31 October 2014 (Webley
et al. 2015). The phone-diary methodology used was consistent with the NRFS with sampling
from the White Pages and expansion to ABS population profiles. The more recent surveys,
however, included Queensland residents only, and were analysed using the R recsurvey
package along with reanalysis of 2000/01 data (Lyle et al. 2010).

Despite the fairly large gross sample in 2010/11 (11,200 diarists) compared with 2000/01
(7,900 diarists), fewer fishers caught blue swimmer crabs in 2010/11 and catches were highly
variable. Estimates of recreational catch were considered to be highly unreliable. Overall
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fishing effort in 2010/11 was also considered to be fairly low, most likely as a consequence of

the Brisbane Floods and Cyclone Yazi.

Population

Weighting

Adjustment error

Accuracy and
Precision

Data entry and
validation

Processing error

Coverage error

Sample design

Sample error

Data collection

Non-response error

Questionnaire

Response errors

Data elements

Figure 18. Flow chart of survey sampling methodology with potential sources of error.

Table 4. Estimated recreational catches of blue swimmer crab by state and survey period
State Survey period Catch by Standard Average Catch by Reference
number error weight weight
(x 1000) (kg) (t)
NSW 1 May 00—30 Apr 01 413 114 0.375 155 Henry and Lyle 2003
1Jun 13—31 May 14
QLb 1 May 00—30 Apr 01* 118 33 0.333 39 Henry and Lyle 2003
1 Oct 10—30 Sep 11 N/A N/A N/A N/A Taylor et al. 2012
1 Nov 13—310Oct 14 in prep
SA 1 May 00—30 Apr 01* 1,055 324 0.342 361 Henry and Lyle 2003
1 Nov 07—31 Oct 08 1,145 269 0.248 284 Jones 2009
1 Dec 13—30 Nov 14 in prep
WA 1 May 00—30 Apr 01 2,211 220 0.223 493 Henry and Lyle 2003
1 Mar 11—29 Feb 12 424° 27 0.229 96" Ryan et al. 2013
1 May 13—30 Apr 14 285° 19 0.254 72° Ryan et al. 2015
NT 1 May 00—30 Apr 01 <1 Henry and Lyle 2003

* Estimate reanalysed in subsequent publication

® Boat-based catch only
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6.1.3 Challenges

Estimation

e accurate and precise estimates of recreational catch at spatial scales relevant to
fisheries management, reliant of definitions of stocks/fishery

e Off-site surveys — e.g. large-scale surveys followed by spatial disaggregation, with
robustness of estimates determined by sample size & uncertainty (relative standard
error)

e On-site surveys — e.g. dedicated scoop netting survey for blue swimmer crab in WA

Average weight

e Average weight required for conversion of catch by number to catch by weight

e Subjective as it depends on the estimate of average weight, which is influenced by
sample design, management and biological/environmental factors

e c.g. estimates of average weight for BSC reflect selectivity of sex distribution in the
catch by fishers, protection of females & changes in the size distribution as cohorts
move in to the fishery

e apply average weights in consultation with researchers and managers

Interpreting changes in point estimates over time - potential influences include:

e Changes to recreational bag limits
e Community interest in crabbing
e Environmental influences on crab abundance
e Environmental influences on fisher behaviour
e Other social and economic drivers

Other

e Communication of survey results
e Stakeholder engagement in research

6.1.4 Knowledge Gaps
Research
e Comparability between surveys due to differences in survey scope, e.g. proportion
boat vs shore unknown

e Sex distribution in recreational catch
e Potential low level cost-effective monitoring, e.g. remote cameras

Management

e Alternative management strategies for recreational fishing (e.g. licence & catch card
in US)
e Social-economic dimensions
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6.2 Monitoring State-wide and Bioregional Catch of Blue
Swimmer Crab in Western Australia Using Off-Site Survey
Techniques

Karina Ryan, Steve Taylor, Eva Lai, Alissa Tate and Brent Wise
Senior Research Scientist, WA Department of Fisheries
Karina.Ryan@fiah.wa.gov.au

Blue swimmer crab is a popular species among recreational fishers in Western Australia, with
the lower West Coast fishery identified for Integrated Fisheries Management and Marine
Stewardship Certification, requiring robust estimates to inform sustainable management
decisions, resource allocations and monitoring resources. The introduction of a Recreational
Fishing from a Boat Licence (RFBL) in Western Australia in March 2010 has allowed
consideration of cost-effective, spatially and temporally comprehensive survey methods. An
integrated approach was designed to provide estimates of recreational catch and effort by
boat-based fishers at state-wide and bioregion levels. Survey components include: (i) phone-
diary survey to obtain catch and effort data; (i1) boat-ramp surveys to collect size/frequency
data for key species; and (iii) remote video survey to monitor launches and retrievals at key
boat ramps. The phone-diary methodology is consistent with the NRFS, but with sampling
from the RFBL (~140,000 licences are issued annually). Sample statistics from ‘raw’ person-
based sample data is ‘expanded’ to population parameters using the R survey package, which
creates point estimates and standard errors at various species, spatial and temporal
aggregations. The state-wide survey has been conducted from 1 March 2011 to 29 February
2012 and 1 May 2013 to 30 April 2014.

In both surveys, blue swimmer crab was the most commonly caught species, and the most
common invertebrate in each bioregion. The majority of catches were from the West Coast
bioregion; from estuary habitat (72%), and also nearshore (27%); taken in summer (66%)
compared with autumn (23%), winter (4%) and spring (7%); and by pots (including drop
nets) (99%). Estimates of the average weight increased from 0.229 kg in 2011/12 to 0.254 kg
in 2013/14 allowing conversion of estimated recreational catch by numbers to weight. The
estimated total recreational catch state-wide was consistent between the two surveys; the kept
catch decreased from 96 t in 2011/12 to 72 t in 2013/14, while the release rates increased
from 51% to 68%. In the West Coast bioregion, the kept catch decreased from 85 t to 64 t, but
the released catch increased from 95 t to 148 t with release rates increasing from 53% to 70%.
The estimated total recreational catch in the West Coast bioregion increased from 181 t to
212 t. High release rates were mostly from releases of crabs below the legal size limit,
explaining 71% of all releases in 11/12 and 80% in 13/14. Differences in point estimates over
time can be attributed to changes in: management regulations (e.g. recreational bag limits);
community interest in crabbing; environmental influences on crab abundance; environmental
influences on fisher behaviour; and other social and economic drivers.

The spatial resolution of monitoring recreational fishing needs to be matched to the spatial
scale at which fisheries are managed. Spatial disaggregation of data from the state-wide
survey can provide samples with sufficient samples sizes and adequate precision for key
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fisheries of Peel-Harvey Estuary, Cockburn Sound, Swan-Canning Rivers and Geographe
Bay. These combined fisheries contributed over 80% of the state-wide recreational catches
and have been periodically surveyed in the past: Peel-Harvey Estuary 1998/99 and 2007/08
(Lai et al. 2014); Cockburn Sound 1996/97, 2001/02 and 2005/06 (Sumner and Lai 2012);
Swan-Canning 1998/99 (Smith 2006); and Geographe Bay 1996/97, 2001/02 and 2003
(Bellchambers et al. 2006). Fishing activity considered to be in-scope during these on-site
surveys has varied, with some surveys including both boat- and shore-based fishing, others
just boat-based fishing; some surveys are based around key access points and most surveys
conducted during daylight hours. Although recreational fishing for blue swimmer crab occurs
across numerous, widespread access points with fishing from multiple platforms (including
boat, shore, bridges/jetties), the state-wide phone-diary survey provides estimates, and allows
comparison over time, of the boat-based sector using consistent methodology. While there is
no specific recreational fishing licence for blue swimmer crab that can be used as a sampling
frame to cost effectively contact fishers, the RFBL provides access to boat-based recreational
fishers. The state-wide survey has proven to provide cost-effective data to support regular,
robust estimates over large spatial scales, and also allows disaggregation at smaller spatial
scales.

6.3 Estimating the Recreational Catch of Blue Swimmer Crab in
Peel-Harvey Estuary: Trends, Challenges and Opportunities

Steve Taylor, Karina Ryan, Eva Lai, Stuart Blight, Norm Hall and Brent Wise
Senior Research Scientist, WA Department of Fisheries
Steve.Taylor@fish.wa.gov.au

Blue swimmer crab (Portunus armatus) is highly sought after by recreational fishers and the
protected waters of the Peel-Harvey Estuary are one of the most popular areas for recreational
blue swimmer crab fishing in the south-west region of Western Australia. This estuary is
easily accessible to fishers residing in Mandurah, Perth and Bunbury. Most crabs are caught
using baited drop nets (set from boats, bridges, jetties and canal houses) and scoop nets,
although fishers are also permitted to catch crabs by hand or using a blunt wire hook.

Estimating the recreational catch of blue swimmer crab in Peel-Harvey Estuary is challenging
and expensive due to the large number of recreational fishers, the variety of fishing platforms,
and the lack of a sampling frame for shore-based fishers. Estimates of boat- and shore-based
blue swimmer crab catches in the estuary are available from two dedicated recreational
fishing surveys undertaken in 1998/99 and 2007/08. The first survey estimated that the total
retained recreational catch of blue swimmer crab between August 1998 and July 1999 was
approximately 289 tonnes; however, a revised estimated range of 251 — 377 tonnes was
recently produced. Applying the same method to analyse the data collected during the second
survey, the total retained catch between November 2007 and October 2008 was estimated as
107 — 193 tonnes. In both surveys, the majority of the catch (approximately 70%) was taken
by boat-based fishers, although not all platforms and time periods (e.g. fishing at night) were
included in these estimates.

54 Fisheries Research Report [Western Australia] No. 285



The state-wide survey of boat-based fishing was implemented in 2011/12 and provides state-
wide and bioregion estimates for blue swimmer crab on a biennial basis. This survey also
provides smaller-scale catch estimates (e.g. Peel-Harvey Estuary) for some species depending
on the precision. Between March 2011 and February 2012, the total retained catch for Peel-
Harvey Estuary was estimated to be approximately 51 tonnes. This estimate relates to the
boat-based catch and does not include the retained catch from shore-based fishers. To
improve knowledge on shore-based fishing, new technology thermal imaging cameras have
recently been deployed at various locations around Peel-Harvey Estuary. These cameras are
providing information on the 24 hr distribution of shore-based activity. An improved
understanding of day vs. night patterns of shore-based fishing may help assess the potential
underestimation of catch from previous on-site surveys and will assist in estimating the catch
in future on-site surveys. In the absence of a sampling frame, it is likely that future estimates
of the total recreational catch in Peel-Harvey Estuary will need to be derived from separate
surveys. Corroboration through the comparison of different survey estimates and reanalysis
of past data will assist in providing management with accurate information on recreational
fishing.

6.4 Where the Crab is King...... Investigating Recreational Crab
Fisheries in Southwest Western Australia

David Harris, Josh Baker, Danielle Johnston, Michelle Foster and Nick Caputi
Research Scientist, WA Department of Fisheries
David.Harris@fish.wa.gov.au

Blue swimmer crabs represent one of the most important recreationally fished species in
terms of catch and participation rate in southwest Western Australia. The South-west
Recreational Crabbing Project provides a valuable opportunity for the WA Department of
Fisheries (DoF) to engage with the local crabbing community to develop ongoing, cost-
effective programs that will deliver annual information on recreational crabbing and stock
dynamics in the recreationally important blue swimmer crab fisheries of the Swan-Canning
Estuary (SCE), the Leschenault Estuary and wider Bunbury area (LE) and Geographe Bay
(GB). This information could not otherwise be collected by DoF, as these areas do not have
substantial commercial fisheries like Cockburn Sound and the Peel-Harvey Estuary, where
information is available to assess the annual status of these stocks. Funding for the project
comes from Recreational Fishing from Boat Licence (RFBL) fees, via the Recreational
Fishing Initiatives Fund which is overseen by RecFishWest.

Specifically, the project aims to:

1. Establish a program for providing recreational crabbing information on SCE, LE and
GB by implementing a Recreational Angler Program (RAP) daily logbook to be
completed by targeted recreational crabbers;

2. Develop methods for the ongoing assessment of blue swimmer crab recruitment and
breeding stock in SCE, LE and GB; and
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