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EXECUTIVE SUMMARY
This report is the third assessment of the Lakes and Coorong Fishery (LCF) for pipi. The
most recent assessment of Ferguson and Mayfield (2006) suggested that the resource was
depleted based on an extended period of concurrent high annual catches and declining
fishery catch per unit effort (CPUE). The fishery for pipi has been managed under an annual
Total Allowable Commercial Catch (TACC) since 2007-08.
This report summarises data available to assess the status of the resource, in particular,
those data that inform the pipi harvest strategy which was formally adopted to inform setting
the TACC for 2013-14. The decision rules in the harvest strategy are based on two biological
performance indicators (BPIs): (i) fishery-independent relative biomass (primary BPI); and
(ii) presence/absence of pre-recruits (secondary BPI).
For surveys conducted in 2012-13: (i) fishery-independent relative biomass was 12.4 kg/4.5
m2, which was above the upper limit of the target range of 8-10 kg/4.5 m2; and (ii) prerecruits were present (31% of sample) in size distributions from the pre-season survey
(November 2012). Based on the primary and secondary BPIs, the range of TACCs available
for the LCF for pipi in 2013-14 is 400 to 450 t.
Fishery-independent data suggested that from 2009-10 the pipi resource had begun to
recover. Relative biomass increased from 10.7 kg/4.5 m2 in 2009-10 to a peak of 13.2 kg/4.5
m2 in 2011-12 then declined slightly to 12.4 kg/4.5 m2 in 2012-13. In 2012-13, relative
biomass had increased to three times that observed in 2008-09. This increase may be partly
due to: (i) growth of larger pipi indicated by an increase in the size (rebuilding) of the largest
mode in size distributions from February 2010 (~42 mm) to February 2011 (~52 mm); and (ii)
growth of pre-recruits from May (~30 mm) to November in 2011 (~37 mm).
Although annual estimates of relative biomass have generally increased from 2007-08 to
2012-13, the spatial extent of the pipi resource on Younghusband Peninsula has contracted.
From 2009-10 to 2012-13, relative biomass declined in the south-eastern part (50 to <60 km
from the Murray River) of the 60 km fishing ground. In particular, low relative biomass was
observed from 40 to 60 km south-east of the Murray River in 2012-13. Conversely, relative
biomass in the north-western part of the fishing ground (0 to <20 km from the Murray River)
increased from 2009-10 to 2012-13. This was likely due to reduced catches because the
South Australian Seafood Quality Assurance Program (SASQAP) exclusion zone adjacent to
the Murray River was extended from 2 to 20 km from the Murray River during December
2010 to January 2013. High relative biomass in this closed area has compensated for low
relative biomass in the south-eastern area. Thus, the overall estimate of relative biomass for
2012-13, remains high in 2012-13.
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Commercial catch and effort data were available from 1984-85 to 2011-12:


Total catch increased from ~400 t in 1984-85 to a peak of ~1250 t in 2001-02, then
declined to 470 t in 2008-09;



In 2009-10, 2010-11, and 2011-12 total catch was limited to TACCs of 300, 330, and
400 t, respectively;



From 1992-93 the dominant sector was the LCF. From 2006-07 onwards this sector
contributed >98% of the total catch;



Effort (LCF, days) increased from low levels in 1984-85 to a peak of 1,682 days in
2006-07, then declined to 809 days in 2011-12;



CPUE (LCF, kg.day-1) increased from ~400 kg.day-1 in 1989-90 to a peak of
1,235 kg.day-1 in 1995-96. CPUE then declined significantly to a historic low of
329.1 kg.day-1

in

2008-09.

From

2008-09,

CPUE

increased

by

36%

to

449.46 kg.day-1 in 2011-12.
Biology of pipi:


Size at maturity of pipi on Younghusband Peninsula was 28.3 mm (SAM50) and
32.5 mm (SAM95);



Developed gonads were present in mature pipi from July to December with a peak in
November;



Recruitment was variable among years. Pre-recruits (research nets, 10 mm) were
present in October-December in 2007-08, 2009-10, 2010-11 and 2011-12 suggesting
that recruitment to the fishery occurred in those years.

Pre-recruits were poorly

represented in 2008-09;


Recruitment varied spatially. Pre-recruits (modal size ~16 mm) were poorly
represented in samples from the south-eastern part of Younghusband Peninsula (40
to <60 km from the Murray River) compared to the north-western section.

Available information suggested that the pipi resource was depleted during the mid- to late2000s. Increasing mean annual relative biomass and increasing complexity of size
structures suggest recovery of the resource from 2009-10, likely resulting from recent
conservative TACCs in place from that year onwards. Using the definition from the Status of
Key Australian Fish Stocks (Flood et al. 2012), the status of the pipi resource in 2012-13 is
sustainably fished. The harvest strategy and associated decision rules indicate that a
TACC in the range 400-450 t would be appropriate for the fishery in 2013-14.
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1. GENERAL INTRODUCTION
1.1. Overview
This stock assessment of pipi, Donax deltoides, (also known as Goolwa cockle) in the Lakes
and Coorong Fishery (LCF), South Australia, builds on two previous assessments (MurrayJones and Johnson 2003; Ferguson and Mayfield 2006), annual stock status reports
(Ferguson 2006a;b;2008;2010;2011;2012), and presentations given at the annual Total
Allowable Commercial Catch (TACC) setting workshops from 2007 to 2011. The aim of the
report is to provide a comprehensive synopsis of information available for the pipi resource
of the LCF and to assess the current status of the resource (hereafter referred to as the “pipi
fishery”).
The report is divided into seven sections. Section one is the General Introduction which
comprises: (i) the aims and structure of the report; (ii) a description of the history of the pipi
fishery; (iii) a synopsis of biological and ecological knowledge of pipi; and (iv) a summary of
previous assessments of the pipi fishery.
Section two describes recent studies of the biology of the population of pipi on
Younghusband Peninsula including: (i) intra-annual trends in gonad development; (ii) size at
maturity; and (iii) growth.
Section three provides a synopsis of the fishery statistics for pipi from 1984-85 to 2011-12.
Information presented in this section includes: (i) inter-annual patterns in catch, effort, and
catch-per-unit-effort (CPUE); (ii) a comparison of effort measures available for the fishery;
(iii) spatial distribution of catches; (iv) destination markets of catches; (v) discarding; and
(vi) annual value of catches.
Section four presents fishery-independent data from 2007-08 to 2012-13 which includes: (i)
estimates of annual relative biomass; (ii) spatial distribution of relative biomass, (iii) intraannual trends in relative biomass; and (iv) inter- and intra-annual trends in size distributions.
Section five describes the information available to inform the TACC setting process for the
pipi fishing seasons 2007-08, 2008-09 and 2009-10, prior to development of the harvest
strategy.
Section six provides estimates of the two biological performance indicators used in the
decision rules in the pipi harvest strategy: (i) annual fishery-independent relative biomass;
and (ii) presence/absence of pre-recruits.
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Section seven is the General Discussion and synthesises information presented in the
previous sections of the report, assesses the status of the fishery and the level of uncertainty
in the assessment, and outlines future research needs.
1.2. Description of the fishery
The fishery for pipi in South Australia is located on the ocean beach of Younghusband
Peninsula (Figure 1-1).

Small quantities of pipi are also harvested from several other

beaches on the Fleurieu Peninsula. The commercial fishery comprises three sectors. These
are the: (i) LCF; (ii) Marine Scalefish Fishery (MSF); and (iii) Southern Rock Lobster Fishery.
1.2.1. Lakes and Coorong Fishery
The LCF is a multi-species, multi-gear fishery and is located in, and adjacent to, the estuary
of the Murray River (Figure 1-1). This comprises the Coorong lagoons, lower Murray River,
Lower Lakes (Lakes Alexandrina and Albert) and Coorong Coastal Waters (Sloan 2005).
The Coorong Coastal Waters are defined in the Fisheries Management (General)
Regulations 2000, as the area from Goolwa Beach Road to Kingston Jetty, and extend 3
nautical miles out to sea. Pipi is a prescribed species for the LCF and licence holders with
endorsement for pipi have access to harvest pipi with a rake or net. Currently, 26 LCF
licences have an endorsement for pipi.

Legend
Catch & effort reporting blocks
No.
Coorong Classified Area

Figure 1-1. Map of the Coorong Coastal waters from Goolwa to Kingston, including the Murray River
mouth and Sir Richard and Younghusband Peninsulas (the inset map of South Australia shows the
location of the Coorong). Also shown are the Coorong Classified Area from which pipi for human
consumption must be taken (yellow shading) and catch and effort reporting blocks (numbers in red).
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1.2.2. Marine Scalefish Fishery
The MSF is a multi-species, multi-gear fishery that operates along the entire coast of South
Australia.

Pipi are taken almost exclusively from the Coorong beaches and southern

Fleurieu Peninsula. Since July 2005, MSF licence holders have had access to pipi for
personal bait use only with a maximum of 10 kg per day. Three MSF licences are eligible to
have an endorsement for pipi but only two licences have quota.
1.2.3. Southern Rock Lobster Fishery
The South Australian Rock Lobster Fishery comprises the Northern and Southern Zones.
The Northern Zone Rock Lobster Fishery (NZRLF) operates from the Western Australian
border to the mouth of the Murray River. The Southern Zone Rock Lobster Fishery (SZRLF)
extends from the Murray Mouth to the Victorian border.

The NZRLF and SZRLF have

access to 10 kg of pipi per day for personal bait use only. Fourteen NZRLF licence holders
have endorsements for cockle devices but there are no SZRLF licence holders with such
endorsements.
1.2.4. Recreational Fishery
There is little information on the recreational fishery for pipi. Anecdotal information suggests
that most recreational fishers who harvest pipi live locally and harvest most of their catch
taken from Sir Richard Peninsula (Goolwa Beach) during summer (Murray-Jones and
Johnson 2003).
Estimates of recreational catch are available from telephone-based surveys in two years:
2000-01 and 2007-08. In 2000-01, the National Recreational and Indigenous Fishing Survey
estimated recreational catch to be 22.9 t (Jones and Doonan 2005). In 2007-08, the South
Australian Recreational Fishing Survey estimated recreational catch was 5.0 t representing
0.8% of the combined recreational and commercial catch (Jones 2009).
1.3. Management of the fishery
The regulations that govern the management of the Lakes and Coorong Fishery are the
Fisheries Management (Lakes and Coorong Fishery) Regulations 2009 and the Fisheries
Management (General) Regulations 2007.

The current Management Plan for the South

Australian Lakes and Coorong Fishery provides a strategic policy framework for the
management of the fishery (Sloan 2005). The current Management Plan includes biological
performance indicators (BPIs), and their associated biological reference points (BRPs),
against which performance of the fishery is assessed. Management arrangements differ
among the sectors (Table 1-1).
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Table 1-1. Management milestones for pipi in South Australia

Sector

Management Measure
Seasonal closure
Legal Minimum Size (LMS)

All sectors

Access and gear endorsements
Location
Lakes and Coorong
Fishery

Catch and effort data

Human consumption
Quota Management
Harvest Plan
Access and gear endorsements

Marine
Fishery

Scalefish

Catch and effort data
Human consumption
Quota Management
Harvest Plan

Northern Zone Rock
Lobster Fishery

Recreational fishery

Access and gear endorsements
Location
Catch and effort data
Other management measures
Catch and effort data

Detail
1st June to 31st October
35 mm across the widest axis of the shell
26 licences endorsed for cockle rakes.
Licence holder and ≤ 2 agents.
1 cockle rake per person (subject to licence endorsements)
Ministerial exemptions for several licence holders to have additional agents (up to 6 agents).
Restricted to Coorong Coastal Waters (Goolwa Beach Road to Kingston Jetty)
Data available from 1984-85 - daily reporting of catch, effort (days fished, fisher days, hours), gear. In 2007-08 logbook was updated to
include spatially resolved (5 km) catch and effort, search time, destination market, discards.
Product for human consumption must originate from Coorong Classified Area (Figure 1-1).
All 26 licences endorsed for cockle rakes may sell product for human consumption.
Fishing activity using cockle rakes may not be undertaken both within and outside the Coorong Classified Area on the same fishing trip
(Lee 2003).
Fishery under quota management from 2007
Harvest plan for Lakes and Coorong Fishery for pipi implemented in 2013
154 licences endorsed for cockle gear, total of 400 rakes
1984-85 to 2004-05: ≤ 2 agents allowed; ministerial exemptions for several licence holders to have additional agents (up to 10 agents).
2005-06: all except three, MSF licence holders retain access to take Pipi for personal bait only.
3 licences maintain access to harvest Pipi for sale, 2 agents allowed, one licence holder has ministerial exemption for 6 agents.
1984-85 to 2002-03 monthly or daily reporting of Catch, area fished (Marine Fishing Areas, MFA, Figure 1-2) and effort (days, man days)
2003-04 to 2004-05 daily reporting of area fished (MFA), effort (days, fisher days, hours), number of cockle rakes
Product for human consumption must originate from Coorong Classified Area.
3 licence holders have access to harvest Pipi for sale for human consumption, and one of these has a ministerial exemption allowing six
agents, prior to 2005-06 that particular licence had exemptions allowing 10 and then 9 agents.
Fishery under quota management from 2007
Harvest plan for Lakes and Coorong Fishery for pipi implemented in 2012
14 licences endorsed for cockle rakes, total of 26 rakes.
From July 1, 2005 access for sale of these catches was removed. Pipi for personal bait use only.
Same as for Marine Scalefish Fishery
Same as for Marine Scalefish Fishery
Permitted to use cockle rakes, although many harvest by hand (Sloan 2005).
Bag limit of 600 cockles per day (since July 2001 (Murray-Jones and Johnson 2003).
Charter boat limit - maximum quantity of 600 cockles per person per boat day for boats carrying ≤ 3 passengers and 300 cockles per
person per boat day for boats carrying > 3 passengers.
National Indigenous and Recreational Fishing Survey 2000-01; South Australian Recreational Fishing Survey 2007-08.
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The main gear used to harvest cockles is the cockle rake which consists of a pole and frame
with a net attached. Fishers dislodge cockles in the sand of the swash zone and then use
the net to collect the cockles as they are moved by the swash.
A substantial proportion of the pipi harvest is sold for human consumption. Pipi destined for
this market are harvested from the Coorong Classified Area (located between a point 2 km
south east of the centre of the Murray Mouth and a point 62 km south east of the Murray
Mouth; Figure 1-1) within which environmental conditions, relevant to human health, are
monitored by the South Australian Shellfish Quality Assurance Program (SASQAP) (Lee
2003;2004).
The fishery has been managed under effort controls from 1984-85 to 2006-07 (Table 1-1):
(i) limited entry (26 licences in 2013); (ii) gear restrictions (pipi rake); and (iii) annual
seasonal closure (June to October). Concerns about high catches and declining CPUE in
the early to mid-2000's prompted a move to quota management prior to the start of the
2007-08 fishing season for pipi (Ferguson and Mayfield 2006; Ferguson 2008).
In 2007-08 and 2008-09, the advised TACC was determined at stakeholder workshops prior
to submission to the Minister for Fisheries and Agriculture and commencement of the fishing
season. From 2011-12 the pipi harvest strategy was used to inform the annual TACC.
1.3.1. Management plan and harvest strategy
The management plan for the Lakes and Coorong Fishery for pipi describes performance
indictors which are based on fishery catch and effort data (Sloan 2005). The performance
indicators for pipi were: (i) total catch; (ii) 3-year catch rate trend; (iii) CPUE (kg.day-1); and
(iv) 3-year CPUE trend. Development of a new management plan for the Lakes and Coorong
Fishery began in 2012 with the final draft due for completion in May 2014. Provision of a
harvest strategy for each key species is a requirement of the new management plan.
The pipi harvest strategy was developed at a series of stakeholder workshops during 201112. The primary biological indicator for the harvest strategy is fishery-independent biomass
of pipi from tri-annual surveys i.e. pre-, mid-, post-fishing season surveys (Ward et al. 2010).
The secondary biological indicator is presence/absence of recruits, also from the pre-season
survey (October/November). A secondary indicator is the fishery gross margin (FGM) which
evaluates the impact on market price of an increase in quota (EconSearch 2012b;2013). The
draft harvest strategy was used to inform the TACC for 2012-13 and formally used in 201314.
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1.4. Previous stock assessments
1.4.1. Commercial Fishery
Key points from the most recent stock assessment of pipi (Ferguson and Mayfield 2006)
were:
1. Catches by the LCF comprised >90% of the total catch since 2002-03;
2. Effort, in the LCF (fisher days) increased significantly from 1984-85;
3. High levels of latent effort in the LCF and MSF indicated a potential for effort to at
least double;
4. CPUE in the LCF (kg.day-1) declined significantly over more than a decade with
CPUE in 2004-05 the lowest level since 1999-00. The long-term declines in CPUE
were consistent with declining stock abundance;
5. Uncertainty existed around CPUE as an estimate of relative abundance due to
changing fisher practices;
6. There was a strong need identified for an ongoing monitoring program, appropriate to
the scale of the fishery, based on fishery-dependent (e.g. improved catch and effort
reporting)

and

fishery-independent

(e.g.

regular

length-frequency

sampling,

recruitment indices) data.
For the 2007-08, 2008-09, and 2009-10 South Australian fishing seasons for pipi the TACCs
were set at annual stakeholder workshops. For the 2007-08 fishing season the workshop
included representatives from SARDI, PIRSA (Fisheries and Aquaculture), Goolwa Pipi
Harvester’s Association, and Southern Fishermen’s Association.
Although a development of a fishery-independent method for estimating relative abundance
of pipi had begun in 2007-08, setting the TACC for the 2007-08 and 2008-09 pipi fishing
seasons relied on commercial catch and effort data.
1.4.2. Information available (Catch, Effort and CPUE)
The relationship between effort (days per year) and CPUE (kg.day-1) differed between early
and later stages in the 24 years for which fishery catch and effort data were available (198485 to 2007-08). In the early history of the fishery from 1984-85 to 1991-92 there was no
relationship between effort and CPUE (kg.day-1) (Figure 1-2). From 1992-93 to 2007-08
when effort was above 400 days per year there was a significant decline in CPUE with
increasing effort (LR: r2 = 0.86, F1,15 = 25.2936, p < 0.005).
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Two reference periods were identified from the graph of effort (days) vs CPUE (kg.day-1).
The first reference period from 1993-94 to 1996-97 represented the early history of the
fishery when: (i) effort was low (350-500 days) compared to later years (>1,200 days); (ii)
CPUE was high; and (iii) CPUE did not appear to decrease with moderate increases in effort
(Figure 1-2). The second reference period represented a nominal mid-point in the history of
the fishery when; (i) effort was intermediate (650 to 1000 days per year) compared to later
years (>1,200 days), (ii) CPUE was intermediate, compared to later years, and (iii) CPUE
appeared to decline with increasing effort (Figure 1-2).

1400
95-96
92-93
96-97
93-94
94-95

-1

CPUE (kg.day )

1200
1000
800

90-91
91-92
85-86

Lower risk

97-98
98-99

86-87

600
84-85

400

Higher risk
00-01
01-02
99-00

03-04
02-03
05-06
04-05

87-88
89-90
88-89

06-07

07-08

200
0

500

1000

1500

2000

Effort (days)
Figure 1-2. Effort vs CPUE for two reference periods representing ranges of fishing effort and associated
lower (1993-94 to 1996-97) and higher (1997-98 to 2001-02) risk to sustainable exploitation of the
resource. Numbers indicate financial years. Blue indicates early development period when there was no
relationship between low levels of effort and CPUE.

From 1984-85 to 2007-08, there was a trend of increasing catch with increasing effort
(LR: r2 = 0.89, F1,24 = 84.1330, p < 0.005) (Figure 1-3). For the lower risk reference period
(1992-93 to 1996-97), low levels of effort (350–500 days per year) corresponded with low
annual catches of 300-600 t. For the higher risk reference period, moderate levels of effort
(650-1,000 days per year) corresponded with catches of 600-800 t (Figure 1-3).
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Figure 1-3. Effort vs catch for the South Australian fishery for pipi from 1984-85 to 2007-08. Numbers
indicate financial year.

1.4.3. Interpretation of catch effort data
During the lower risk historical reference period (1984-85 to 1996-97), low effort (350-500
days) resulted in low catches (300-600 t) with high CPUE (1,200 kg.day-1). Setting the
TACC in the lower risk range would be likely to have had a relatively low impact on the stock
with lower risk to sustainability and less need for research to assess the status of the stock.
During the higher risk historical reference period (1997-98 to 2000-02), higher effort (6501,000 days) resulted in intermediate catches (600-800 t) with intermediate CPUE
(950 kg.day-1). Setting the TACC in the intermediate risk range would be likely to have a
higher impact on the stock with corresponding higher risk to sustainability and greater need
for research to assess the status of the stock.
In 2007-08, two performance indicators breached the lower reference point defined in the
Management Plan (Sloan 2005). Annual catch was 608 t which was 24% below the lower
catch reference point of 800 t. CPUE (kg.day-1) was 395 t.day-1 which was 53% below the
lower reference point of 850 kg.day-1.
The outcome from the TACC setting workshop in September 2008 was to adopt the higher
risk strategy and set a TACC of 600 t for the 2008-09 pipi fishing season, combined with a
delay of one month to the start to the fishing season. The TACC of 600 t, and delayed
season start, did not constrain catch (Table 1-2).

At the TACC setting workshop in

September 2009 the lower risk strategy was adopted to set a TACC of 300 t for the 2008-09
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fishing season for pipi. The TACC of 300 t constrained catch in the 2009-10 season.
Similarly, a conservative TACC of 330 t constrained catches in 2010-11.
Table 1-2. Total allowable commercial catch and annual commercial catch since 2007-08 when quota
management was introduced. NB: In 2010-11, ~30 t was retained by licence holders for winter harvest
trials.

Year

Total Allowable Commercial
Catch (t)

Total commercial catch (t)

2007-08

1,150

607.25

2008-09

600

469.68

2009-10

300

300.53

2010-11

330

299.37

1.5. Fishery Biology of pipi
This section provides a summary of the relevant literature on the fisheries biology of pipi, as
well as updated information on this species. Results from recent studies of reproduction, and
growth of pipi in South Australia are presented as standalone studies in Section 2.
1.5.1. Taxonomy and distribution
Pipi (Donax deltoides) are members of the Family Donacidae which are bivalve molluscs
with a worldwide distribution (King 1976).

Pipi comprise the largest of the six donacid

species found in Australia where it is the most common large bivalve living in the surf zone.
1.5.2. Distribution and habitat
In Australia, D. deltoides occur along the south coast from Eyre Peninsula to Kingston in
South Australia, through Tasmania to Fraser Island in south-eastern Queensland (King
1985; McLachlan et al. 1996). The preferred habitat of D. deltoides is high energy,
dissipative beaches i.e. surf beaches where blooms of surf diatoms occur (McLachlan and
Hesp 1984). This species typically inhabits the swash zone where they feed by filtering
diatoms from the water column (McLachlan and Hesp 1984; Murray-Jones 1999).
Patterns of distribution of sandy beach fauna have been shown to vary in time and space
(Donn 1990; Brazeiro and Defeo 1996; James and Fairweather 1996). This is also the case
with donacid surf clams and pipi occur in maximum abundance just below the low tide level
and do not extend past the surf zone (King 1985; Murray-Jones 1999). Segregation by size
may also occur across the beach (Murray-Jones and Johnson 2003). Juvenile pipi tend to
be located in the intertidal zone while adults are found on the lower shore and in the surf
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zone, although the adult distribution is probably centred on the low tide swash zone (Dakin
and Bennett 1987; Saenger and Keyte 1990).

In NSW, the largest pipi were often found

sub-tidally, with juvenile animals most likely to be in the swash zone. Other sizes were
equally likely to be stranded above the waterline, in the swash, or in the sub-tidal zone at low
tide (Murray-Jones 1999).
Donacid surf clams are known to undergo partial or full tidal migrations, where they actively
emerge from the sand and use the surf to relocate up or down the beach as the tide changes
(Ellers 1995). While these behaviours are typical of surf bivalves, observations of movement
of D. deltoides in NSW and Queensland indicate that they may be more extreme, over small
spatial and temporal scales, with juveniles more likely to undergo tidal migrations than adults
(Ansell 1983; Ellers 1995; McLachlan et al. 1996; Murray-Jones 1999). Vertical migration
may also occur and D. deltoides can bury to a depth of 10 - 15 cm in sand, with the majority
of individuals typically buried at a depth of 10 cm (Anon 1985).
The Coorong beaches provide high quality habitat for pipi. In a study of Goolwa Beach by
King (1976), this species was found to be the dominant benthic filter feeder, making up 73%
of macrofauna numbers and 85% of biomass. King (1976) further postulated that the
population in the Coorong region may represent the largest single stock abundance of this
species in Australia.
The Coorong beaches formed when the sea level rose during the late Pleistocene and early
Holocene periods (6,600 years before present) (Barnett 1994).

The Sir Richard and

Younghusband Peninsulas constitute the frontal dunes immediately behind the Coorong
beaches and appear to have been formed by transport of shell sediments comprised mainly
of pipi (de Mooy 1959; Bourman and Murray-Wallace 1991).
This coastline is a high-energy system where wind, wave, and tidal processes dominate and
is subject to year-round, moderate to high-energy, south-west swells. During spring and
summer, winds tend to be from the south-east to south-west resulting in long shore
movement of sand. During winter, south-west to north-west winds significantly shift the
direction of beach migration (Edyvane and Carvalho 1995) moving beach sand offshore into
a series of sandbars running parallel to the beachfront and cause considerable erosion to
occur. The gutters between the sand bars may erode down to hardened shell grit which
becomes too hard for pipi to bury in (King 1976; 1985). During summer, beach sands are
carried back shoreward and sand depths rebuild in the range of 1.5 metres. As a result,
whilst winter waves work against the front of the dunes, summer beaches may be up to 30
metres wide.
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1.5.3. Stock structure
The stock structure of D. deltoides in Australia is not well known. In New South Wales
(NSW) a genetics based study of D. deltoides was conducted over 1200 km of coast, from
Fraser Island, Queensland, to southern New South Wales with no differences found (MurrayJones and Ayre 1997).

No such genetic study has been undertaken on the Coorong

population of pipi.
Different current regimes between southern and eastern coasts of Australia make it likely
that South Australian populations form a separate genetic stock. This is supported by short
estimated larval duration of pipi in NSW and South Australia (King 1976; Saenger and Keyte
1990; Murray-Jones 1999).
1.5.4. Reproduction
In NSW mature oocytes were present in the ovaries of pipi throughout the year (MurrayJones 1999).

As such, pipi are generally referred to as ‘dribble spawners’.

In South

Australia oocytes were present in pipi for 6 months of the year, although peak spawning
activity occurred in September-October (King 1976, 1985). In NSW the mean number of
oocytes estimated from D. deltoides of 70.5 mm length was 2,758,000 oocytes (MurrayJones, 1999). There are no data on fecundity for pipi in South Australia.
Spawning may be triggered by one or a combination of the following (i) environmental
factors such as temperature, chemical and physical stimuli, (ii) changes in water currents, or
(iii) the detection of sperm in the water (Murray-Jones 1999). After spawning, the fertilised
eggs develop into a planktonic larval phase which may last 6-8 weeks (King 1976, 1985;
Saenger and Keyte 1990). The larvae mature toward the end of the planktonic phase when
they develop a foot and rudimentary gills. They then settle onto the substrate and use the
foot to crawl until a suitable habitat is found for metamorphosis to occur, after which they
become benthic.
The sex ratio for surf clams is usually 1:1 and this appeared to be the case for pipi from
NSW (McLachlan et al. 1996; Murray-Jones 1999). The sex ratio of the population of pipi
from Younghusband Peninsula is not known.
1.5.5. Recruitment
Large natural fluctuations in abundance are a feature of surf clam populations worldwide and
this appears to be characteristic of D. deltoides in both NSW and South Australia (Coe 1955;
King 1976; McLachlan et al. 1996; Murray-Jones 1999).

15

Two field studies of recruitment of pipi have been conducted in Australia.

King (1976)

studied the population on Goolwa Beach in South Australia over a 23-month period and
Murray-Jones (1999) studied a population which had declined following fishing pressure on
Stockton Beach in NSW. Juveniles were found to recruit continuously in both studies. In
South Australia a peak in numbers of recruits occurred in January but they were also
observed from April to September (King 1976). In NSW, recruitment was continuous over
six years, with small pipi found in 96% of samples collected across all months (Murray-Jones
1999). King (1976, 1985) suggested that fluctuations in abundance may have been driven
primarily by natural fluctuations in wind or associated hydrologic conditions during the larval
phase.
The study by Murray-Jones (1999) indicated that juvenile mortality may have had an
important effect on adult abundance. During that study recruitment was constant over 5
years which suggested that larval supply was not limited during that period (Murray-Jones
1998;

Murray-Jones

1999).

However,

considerable

mortality

occurred

between

metamorphosis and the following months resulting in pulses of juveniles surviving to
establish a definite year class (Murray-Jones 1998;1999). As such, in the study at Stockton
Beach in NSW the adult population did not recover within the time scale of the study despite
nearly continuous recruitment (Murray-Jones 1999). High mortality of pipi from settlement to
2 years was also reported in a South Australian study (King 1985). This was supported by
other work where post-settlement mortality appeared to regulate density of marine, softsediment invertebrates (Olafsson et al. 1994).
Upwelling along the South Australian coast and outflows from the Murray River have been
suggested as promoting elevated primary production of phytoplankton, particularly for
diatoms (Asterionella spp.) but it is not known how these impact on recruitment or survival of
D. deltoides on the Coorong beaches (McLachlan and Hesp 1984; Lee 2004). Work in NSW
found no detectable link between river flows and recruitment of D. deltoides (Murray-Jones
1999).
While smaller freshwater flows are thought to be beneficial to D. deltoides by providing
nutrients, and possibly also acting as a cue for spawning, periods of high river discharge
may be potential causes of widespread mortalities (Clarke 1985; King 1985; Saenger and
Keyte 1990). In 1984, an estimated 2.5 million, mostly adult, cockles, were found dead on
Goolwa beach, west of the Murray Mouth (Clarke 1985). It was thought that, following
flooding from the Murray River, an extended period of low salinity may have resulted in
mortality due to starvation (King 1976; Clarke 1985).
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The pipi harvest in South Australia is thought to be based on the two year-classes that exist
above the legal minimum size (LMS) of 35 mm shell width which is reached at approximately
13 months of age (King 1976, 1985). Variation in the recruitment of juveniles into the fishery
will likely have only a relatively short lag (1-2 years) before impacting the harvest.
Consequently, the relative importance of the contribution of each year class to the harvest is
higher than would be the case in longer-lived species (King 1976).
During the peak spawning season (September - October) the prevailing currents in southeastern South Australia flow in a north-westerly direction (King 1985).

King (1985)

suggested that conservation of D. deltoides in the south-eastern part of the Younghusband
Peninsula may provide a pool of breeding animals that contribute to recruitment along the
beaches to the north-west.
1.5.6. Diet
The diatom Asterionella spp. is thought to be the principle source of food for D. deltoides
(King 1976, 1985). Blooms of this diatom commonly form brown patches in the surf zone of
Goolwa Beach in summer (McLachlan et al. 1996).
The ocean waters of the Younghusband Peninsula have been sampled regularly from 2001
until the present as part of the SASQAP (Lee 2004). Water samples were dominated by
diatoms comprised mainly of 3 species: Asterionellopsis glacialis (present in 90% of
samples); Nitzschia spp. (present in 20% of samples); and Chaetoceros spp. (present in
45% of samples) (Wilkinson, SASQAP, personal communication).

However, neither gut

content analysis nor stable isotope studies have been done to verify whether the most
abundant diatoms are the main food source for D. deltoides.
1.5.7. Growth
Analyses of growth of both the South Australian and NSW populations were done through
modal progression from monthly size frequency distributions (Table 1-3) (King 1995; MurrayJones 1999).
Table 1-3. Growth parameters for Donax deltoides in Australia.
von Bertalanffy growth
parameters
Linf (mm)
-1

k (y )
Maximum age (years)

South Australia
(King 1976)

South Australia
(King 1985)

New South Wales
(Murray-Jones 1999)

58

59

75

1.26

0.86

1.07

3.5

3.5

3.8
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The mean asymptotic size (Linf) of pipi from Goolwa Beach was smaller than in NSW (Table
1-3). For the Coorong population of pipi, growth was rapid during the first 15 months of life,
when it reached a maximum rate of 2.5 mm per month, after which it decreased with
increasing age (King 1985). Similarly, in NSW small animals grew rapidly to a size of 37 mm
in less than 10 months at a number of sites, although there was considerable variation in the
time taken for a cohort to reach the next modal size class (Murray-Jones 1999). In South
Australia there was strong seasonality in growth rates and pipi in the 0+ age class grew
approximately 3 and 2 mm per month in summer and winter, respectively, with season
differences in growth rates consistent for all size classes (King 1976).
Validation of growth rates for pipi from Goolwa Beach was attempted using a mark and
recapture method (King 1976). Only 4 cockles were recaptured from the 1000 originally
tagged, although growth increments were consistent with those from length frequency data
(King 1976). Low recapture rates also occurred in NSW (Murray-Jones 1999).
Ageing of finfish species is routinely conducted by counting check marks in bony structures,
particularly the otoliths (Fowler and Short 1999; Campana and Thorrold 2001). Check marks
also occur in the shells of bivalves and may provide estimates of the age.

However,

attempts to validate the periodicity of checkmarks in the shells of donacid surf clams have
not been successful to date (Laudien et al. 2003). Ageing of the mud cockle Katelysia
scalarina by using a layer of acetate to make features in the shell more clearly visible, has
provided some successful results and this method may potentially be applied to pipi (Riley et
al. 1993; Fowler and Eglinton 2002; Cantin 2010).
1.5.8. Size at maturity
The size at maturity (SAM) of D. deltoides was consistent throughout their distribution in
Australia. King (1976) found that most D. deltoides from Goolwa Beach greater than 36 mm
width (13 months old) were sexually mature. SAM50 for female D. deltoides from NSW was
37 mm (Murray-Jones 1999). These estimates of SAM were 49% and 30-35% of Linf, for
South Australia and NSW respectively.
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2. BIOLOGY OF PIPI, DONAX DELTOIDES IN SOUTH AUSTRALIA
2.1. Introduction
The most recent stock assessment of pipi identified several key knowledge gaps in
understanding of the reproduction of pipi on Younghusband Peninsula: (i) the need for a
robust, quantitative estimate of size at maturity; and (ii) the need for an improved
understanding of intra-annual trends in gonad development (Ferguson and Mayfield 2006).
In addition, growth of pipi on Younghusband Peninsula was also poorly understood.
2.2. Materials and methods
2.2.1. Reproduction
Two aspects of the reproduction of pipi were examined: (i) intra-annual trends in gonad
development, and (ii) size at maturity (SAM).
Intra annual trends in gonad development
Samples of whole pipi were collected from Younghusband Peninsula on a monthly basis
from March 2010 to November 2011. Samples were frozen and stored.

For laboratory

analysis, samples were thawed then fixed using formaldehyde (10% in seawater) for
24 hours. The samples were then transferred to an ethanol solution (70% in seawater) prior
to assessment of gonad development.
Assessment of gonad development followed a method used for mud cockles (Katelysia spp.)
(Gorman et al. 2011). Shell width of each pipi was measured to the nearest 0.1 mm and the
whole formalin-fixed gonad and connective tissue removed from the shell. A transverse
section was made between the top of the gonad and the foot margin. Individual sections
were examined under a Leica MZ16 binocular microscope at 10x magnification and
assigned a gonad score. Gonad development was defined using a categorical scale from 1
to 5 (Gorman et al. 2011) (Figure 2-1; Table 2-1).
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Figure 2-1. Developmental stages of pipi gonads (1) no visible gonad; (2) gonad visible at visceral
margin; (3) gonad extending from viscera into foot; (4) gonad appears grainy and fills foot; and (5) gonad
extends to apex of foot.
Table 2-1. Criteria used to determine gonad development (after Gorman et al 2010 and Edwards 1999).
Gonad stage
I
II

Gonad condition
No gonad material visible (Includes immature individuals)
Poorly developed
A small amount of gonad material is evident on margins of the viscera
Digestive gland completely uncovered upon external observation

III

Moderately developed
Gonad material does not cover an extended area
A proportion of the digestive gland is still visible upon external observation

IV

Well developed
Gonad material covers large area extending in to the foot
Digestive gland completely covered upon external observation
Gonad material ‘oozes’ out with the release of pressure when the body wall is broken
Gonad appears ‘grainy’; and white to cream in colour

V

Fully developed
Digestive gland completely covered upon external observation
Gonad material covers large area extending in to the apex of the foot
Very tightly packed and body wall hard to touch
Gonad appears ‘grainy’ throughout; white to cream in colour

Macroscopic assignment of gonad developmental stages was validated with stages
assigned using a histological method for a sub-sample of pipi (n = 27) following the methods
of (Heermann et al. 2009). Transverse sections (6-7 µm thickness) of each gonad were
mounted on microscope slides and stained with haematoxylin and eosin. Comparison of the
both methods indicated 100% agreement and supported macroscopic staging as an
appropriate,

cost-effective

method

for

determining

development.
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intra-annual

trends

in

gonad

Size at sexual maturity
In order to estimate the size at maturity, pipi were collected during September to November
in 2010 and 2012. Non-linear regression was used to estimate SAM50,95 (Farmer 2003):
1

P  {1  e[  Ln(19)( L  L50 )( L95  L50 )] }1
where, P = proportion of individuals with developed gonads stage ≥III, L50 = size at which
50% of individuals would be expected to have gonads at developmental stage III or greater,
L95 = size at which 95% of individuals would be expected to have gonads at developmental
Stage III or greater.
2.2.2. Growth
Parameters for the von Bertalanffy growth equation were estimated using routines from the
FISAT II (V 1.2.2, FAO-ICLARM Stock Assessment Tools) package (Gayanilo et al. 2005).
Modal progression analysis (MPA) was used to infer growth from the apparent shift of the
modes (weighted means) in the time series of size frequency samples. This was done by: (i)
decomposition of size distributions into components to identify means using Bhattacharya’s
method and the routine NORMSEP (Bhattacharya 1967); (ii) identification of cohorts and
linking of the means; and (iii) using relative size data to estimate growth parameters. The
asymptotic maximum size (Linf) was estimated using a Powell-Wetherall plot (Wetherall
1986) and the growth rate (K) was estimated using a Gulland-Holt plot (Gulland and Holt
1959).
The form of the von Bertalanffy growth equation was:
1
where, Lt = length at age t (mm), Linf = asymptotic shell width (mm), k = growth constant (y-1),
and t is age (year), and t0 is the theoretical age at zero length (y).
The seasonalised form of the von Bertalanffy growth equation was:
1
/2

2

/2

2
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where, C = amplitude of oscillations, ts = starting time of sinusoidal growth oscillation. The
parameter ts was replaced with WP (winter point) which is the period of growth reduction
expressed as a fraction of the year i.e. WP = ts + 0.5.
The theoretical lifespan (tmax) was estimated by an inverse of the von Bertalanffy growth
equation, considering maximum shell length as 95% of the asymptotic length (Taylor 1958):
%

%

where, L95% represents 95% of the maximum observed shell length.

2.3. Results
2.3.1. Reproduction
Intra-annual trends in gonad development
The proportion of developed gonads (Stages III to V) increased from March to July with most
gonads developed from August to January (Figure 2-2). Stage IV (ripe) gonads increased
from ~20% of gonads in May and July to ~80% in September.

Gonad development (%)

100
80
Gonad stages
(n = 462)

60

1
2
3
4
5

40
20
0
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan

Figure 2-2. Intra-annual trends in gonad development of pipi, Donax deltoides on Younghusband
Peninsula, South Australia.

Size at maturity
Estimates of the size at maturity, where 50% (SAM50), and 95% (SAM95) of pipi were mature
were similar in 2010 and 2011. The estimate of SAM50 for combined samples was
28.25 mm, while that for SAM95 was 32.48 mm (Table 2-2; Figure 2-3).
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Table 2-2. Size at maturity (SAM50, SAM95) for pipi from Younghusband Peninsula, 2010 and 2011.

95% Confidence bounds
Year

Parameter

2010

Estimate

SE
Lower

Upper

n
540

SAM50

28.20

0.119

27.954

28.436

SAM95

32.02

0.332

31.348

33.172

SAM50

28.22

0.439

27.329

32.686

SAM95

33.37

1.219

30.903

35.829

2010 / 2011

SAM50

28.25

0.470

27.955

28.547

Combined

SAM95

32.48

0.409

31.654

33.299

2011

249

789

1.0

Proportion mature

0.8

0.6

0.4

0.2

0.0
0

10

20

30

40

50

60

Shell w idth (mm)

Figure 2-3. Size at maturity for Donax deltoides from the Coorong Classified Area on Younghusband
Peninsula, in 2010 (red) and 2011 (black). Horizontal reference lines represent 50% maturity (black
dashes) and 95% maturity (blue dashes).

2.3.2. Growth
The asymptotic maximum size (Linf, Powell-Wetherall plot) was 59.67 mm and the growth
rate (k) was 0.996 (Table 2-3). For the seasonalised form of VBGF, the estimated
seasonality coefficient (C) was 0.62 which indicated low growth rates throughout winter and
a lower overall growth rate (k=0.650). The estimated maximum age was 4.52 years based
on k (0.996 year-1) from the non-seasonalised VBGF (Taylor 1958).
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Table 2-3. von Bertalanffy growth parameters for pipi from Younghusband Peninsula
Growth equation

Parameter

von Bertalanffy Growth
Function (VBGF)

Seasonalised VBGF

Parameter estimate

Method

Linf

59.67

Powell-Wetherall plot

k

0.996

Gulland and Holt plot

Linf

57.68

Appelldoorn’s method

k

0.650

“

C

0.62

“

WP

0.24

“

Modal sizes from December 2007 to June 2012 show growth trajectories of recruits from
2007, 2008, and 2009 (Figure 2-4). For recruits from 2007, the maximum modal size that
was attained was smaller than that attained by recruits from 2008 and 2009. The trajectories
of modal sizes from 2008 and 2009 suggest that pipi grow rapidly until approximately 4550 mm when growth slows.
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Figure 2-4. Modal progressions of pipi recruited to research nets from three 20 km sections of the
fishing ground on Younghusband Peninsula. Colours (red, blue, black) represent cohorts, black and
white bars on x-axis indicate seasons.
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The relationship between size and wet weight (g) was described by a power function (Non
Linear Regression: Weight = 6.28x10-5 x Width3.224, df2,533, r2=0.99) (Figure 2-5).
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Figure 2-5. Length-weight relationship for pipi from Younghusband Peninsula.

2.4. Discussion
Estimates of size at maturity available from this and a recent FRDC study provide the first
robust, quantitative estimate of maturity of pipi on Younghusband Peninsula (Ferguson
2013). This estimate of size at maturity (SAM50=28; SAM95=33 mm) is smaller than the
previously qualitative estimate of 36 mm shell width for pipi from Goolwa Beach (King 1976)
and a quantitative estimate of 37 mm from NSW (Murray-Jones 1999).
Mature pipi with developed gonads were present in all months although gonad development
was greatest form October to November. Additionally, mature pipi with developed gonads
that were collected from the study site were observed to spawn in laboratory holding tanks
during mid-October 2012 (M Gluis, SARDI, pers. com.). This was consistent with a previous
study of pipi in South Australia which reported peak spawning in October and September
(1974) but with developed gonads in some adult pipi in all months (King 1976; Anon 1985). It
appears likely that for pipi on Younghusband Peninsula in 2010 synchronous spawning
occurred in October.
The progression of modes in size frequency distributions can be used as an indication of the
growth of cohorts of pipi. In Section A (0 to 20 km from the Murray River), the smallest size
mode in October 2008 occurred at 12 mm (Figure 3 6). The corresponding cohort (second
mode) in the size frequency from October 2009 occurred at 30 mm suggesting a growth rate
of 18 mm.year-1 or 1.5 mm.month-1 for recruits. From October 2008 to October 2009, this
cohort increased in modal size from 40 to 45 mm, a growth rate of 5 mm.year-1 or
25

0.6 mm.month-1. The smallest size mode in November 2010 occurred at 14 mm and the
corresponding mode for this cohort occurred at 40 mm in November 2011 indicating an
annual growth rate of 26 mm.year-1 or 2.1 mm.month-1. A small size mode representing
recruits was also present in the size structure from Section A, in October 2009 but was
poorly defined in subsequent months and could not be clearly identified in October 2010.
Patterns of modal progression of pipi sizes from this study were consistent with those in a
previous study of pipi from Goolwa Beach (King 1976, 1995). In that study, the modal size
of ~12 mm in January 1973 increased to ~40 mm in January 1974, with a growth rate of
2.5 mm.year-1. Upon reaching the modal size of ~50 mm in April 1974 pipi size (length) at
3.5 years old did not increase further. The seasonality of growth observed in this study was
supported by the previous study (King 1976).
The estimate of the von Bertalanffy growth rate parameter k (0.10 y-1, non-seasonalised
VBGF) from this study indicated relatively high growth rates for pipi from Younghusband
Peninsula. This estimate of growth rate, however, was smaller than that of 1.26 year-1
estimated by King (1976) for pipi from Goolwa Beach. The estimated growth rate from this
study was higher than the 0.57 y-1 estimated for a population of pipi from NSW.
The time series of size distributions from this study suggested that the maximum age was >3
years because recruits from October 2009 had replenished the largest size mode of ~55 mm
by November 2011 which was consistent with an estimate of 3.5 years for pipi from Goolwa
Beach by King (1976). However, the number of cohorts/age classes present in the largest
mode of the tri-modal size distributions is unknown. The theoretical maximum age of pipi on
Younghusband Peninsula was 4.5 years (Taylor 1958).
Although the LMS for pipi on Younghusband Peninsula is conservative (i.e. >SAM50), pipi
appear to grow rapidly at that size with asymptotic size occurring at approximately 4550 mm. The progression of modes in size distributions suggest that a mode of pipi that
occurs at ~35 mm in August may progress to ~45 mm by the following March. Because the
relationship between size and weight is described by a power function the increase in weight
over one month from 35 to 37.20 mm (26 mm.year-1) would be approximately 21%. For an
increase from 35 to 45 mm, which can occur over spring-summer, the increase in weight
would be approximately 270%. Although pipi fishers may typically target pipi that are larger
than the LMS for the human consumption market, smaller pipi are graded/targeted for
domestic bait market (Ferguson 2013). Allowing pipi to achieve growth over summer has
clear advantages in terms of yield. Yield per recruit analysis would inform discussion of
optimal size and timing of fishing.
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3.

FISHERY STATISTICS

3.1. State-wide catches
Total annual commercial catches (combined catches from LCF and MSF) ranged between
307 and 457 t from 1984-85 to 1989-90 then increased steadily to an historical peak of
1,251 t in 2000-01 (Figure 3-1). Total annual catches exceeded 1,000 t.yr-1 from 1999-2000
to 2006-07 then declined steeply to 470 t in 2008-09. Catches were constrained by annual
TACCs in 2009-10 (300 t), 2010-11 (330 t) and 2011-12 (400 t).
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Figure 3-1. Total catch of pipi from South Australia 1984-85 to 2010-11. NB. Catches were constrained by
the TACC from 2009-10.

From 1984-85 to 1991-92, the MSF harvested the larger proportion of the total catch. After
1992-93 catches from the MSF contributed a decreasing proportion of the total annual catch.
From 2002-03, almost all of the State-wide catch of pipi was from the LCF (Figure 3-2).
From 2006-07 to 2011-12, the contribution from the LCF was >98% of the total catch.
Reported catches from the rock lobster sector were <100 kg in all years.
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Figure 3-2. South Australian annual catch of pipi by sector. Catches expressed as a proportion of the
2004-05 catch to protect licence holder confidentiality, due to small number of MSF licence holders.

3.2. Lakes and Coorong Fishery
3.2.1. Catch
Total annual catch by the LCF increased steadily from 30.7 t in 1984-85 to a maximum of
1,086 t in 2002-03 (Figure 3-3A). From 2002-03 to 2004-05, catches remained stable above
1000 t. From 2006-07, catches declined o 437 t in 2008-09. In 2009-10, 2010-11, and
2011-12, catches were constrained by TACCs of 300, 330, and 400 t, respectively.
3.2.2. Effort
Comparison of effort measures
Three measures of total annual fishing effort were available for the LCF: (i) days, (ii) fisher
days, and (iii) fishing hours (Figure 3-3B). The first measure of effort (days) was the number
of days fished.

The second measure (fisher days) was the total number of individuals

engaged in fishing, each day, multiplied by the number of days fished. Finally, fisher hours,
was defined as the number of fisher days multiplied by the number of hours fished on each
day. Each of the three measures of effort has associated uncertainty. For example, effort,
measured in days, does not reflect changes in the numbers of individuals fishing each day
under each licence. Effort, in fisher days, may be influenced by differences in reporting
among licence holders (i.e. licence holder and 2 agents (n=3) or agents only (n=2). Effort, in
fishing hours, may also be reported differently among individual licences: (i) the actual
fishing time only, (ii) a combination of fishing, travelling and searching time, or (iii) a variation
on these. There is also uncertainty around effort in fishing hours due to differences in
reporting numbers of fishers per day per licence (Figure 3-4). The average number of fisher
days reported against individual licences ranged between 2 and 3 fisher days from 1984-85
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and 1990-91. This declined to 2 fisher days per licence day in 1997-98 then increased to 2.8
in 2009-10 before declining to 2.5 fisher days in 2011-12.
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Figure 3-3. Fisheries statistics in the Lakes and Coorong Fishery (A) catch, (B) three measures of effort
and (C) CPUE (±SE) estimated from two measure of effort.
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Figure 3-4. Average number of individuals (±SE) fishing per licence, per day, in the Lakes and Coorong
Fishery.

Temporal patterns in effort
Despite the uncertainty associated with each measure of effort, all three measures of effort
showed the same steady increase over time (Figure 3-3B). The trend in fisher days was
similar to that for days, with values for fisher days approximately double those for days
(Pearson’s correlation co-efficient, PCC: r=0.99, p<0.001).

Similarly, the trend in fisher

hours generally reflected that of fisher days (PCC: r=0.95, p<0.001). Levels of effort in
2006-07 (1,682 days, 4,414 fisher days) were the highest on record. Effort then declined to
2010-11 (733 days, 1,900 fisher days), and increased slightly in 2011-12 (809 days, 2002
fisher days). Temporal trends effort (fisher hours) generally followed those of effort (days,
fisher days).
3.2.3. Catch per Unit Effort (CPUE)
CPUE was calculated using two measures (days and fisher days) with standard error
estimated using a ratio estimator (Rice 1995). The temporal patterns in CPUE, based on the
two measures of effort, were similar (Figure 3-3C). Both increased between 1984-85 and
1985-86, decreased from 1985-86 to 1988-89, and then increased substantially to their
highest observed mean (±SE) in 1995-96 (1,235 ±SE 26.8 kg.day-1) and 1996-97 (531
±11.3 kg.fisher day-1).
Trends in CPUE suggest that the fishable biomass of pipi declined significantly from 1995-96
to 2008-09.
CPUEfd

Between 1996-97 and 2008-09 there was a significant decrease in mean

(i.e.

kg.fisherday-1)

(LR:

r2=0.84,
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F1,12=60.929,

p<0.001)

with

131.6 ±2.6 kg.fisher day-1 in 2008-09 the lowest value on record. From 2008-09, CPUEfd
increased by 16% to 153.3 ±3.8 kg.fisher day-1 in 2010-11. In 2011-12 CPUEfd was
183.3 ±3.7 kg.fisher day-1. Similarly, mean CPUEd(i.e. kg.day-1), declined significantly from
1995-96 (LR: r2=0.81, F1,12 = 49.895, p<0.001) and in 2008-09 was at the historically lowest
level of 329.1 kg.day-1. From 2008-09, CPUEd increased by 36% to 449.4 ±8.3 in 2011-12.
3.3. Marine Scalefish Fishery
3.3.1. Catch
Total annual catches of pipi by the MSF sector were relatively constant from 1991-92 to
2001-02, where after they declined substantially (Figure 3-5A).
3.3.2. Effort
Two measures of fishing effort were available for the MSF: (i) days and (ii) fisher days.
These estimates of effort are subject to similar levels of uncertainty as described in Section
2.2. The most reliable measure of effort in the MSF sector is considered to be fisher days.
This is because of the variable numbers of individuals (up to 10) permitted to fish on each
MSF licence on each day prior to 2003-04 (Figure 3-6).
Despite the uncertainty, these measures of effort show similar temporal patterns: a long-term
increase between 1984-85 and 1999-2000, a rapid decline from 1999-2000 to 2003-04 to
the lowest observed levels, with small increases in 2004-05 and 2008-09 (Figure 3-5B).
Effort (days, fisher days) from 2009-10 to 2011-12 was at a historically low level. There was
a significant (LR: r2=0.96, F1,26=280.149, p<0.0001) positive, linear relationship between
effort (fisher days) and catch (Figure 3-7). In contrast, variation in annual effort (days)
explained only 83% of the variation among annual catches (LR: r2=0.83, F1,26=61.293,
p <0.0001). Variation in effort (fisher hours) explained 86% of variation in annual catches
(LR: r2=0.86, F1,26=75.859, p<0.0001).
3.3.3. Catch Per Unit Effort (CPUE)
The temporal patterns in CPUE, based on the two measures of effort, showed similar,
decreasing trends from 1984-85 to 1989-90, where after they showed divergent patterns
(Figure 3-5C).

Mean CPUEd increased substantially between 1989-90 and 1997-98,

whereafter it has declined. In 2005-06, it was at the lowest level on record. In contrast,
mean CPUEfd generally increased from 1989-90 to 2002-03 then declined to 2007-08. CPUE
increased slightly from 2009-10 to 2011-12. The divergence of the two CPUE measures was
due to the variable numbers of individuals (up to 10) that fished on each licence on each day
(Figure 3-6). The relationship between CPUE and stock abundance in the MSF sector is less
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reliable than that in the LCF sector primarily as a result of the low level of effort in the MSF
sector since 1999-00.
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Figure 3-5. Fisheries statistics in the Marine Scalefish Fishery for pipi (A) catch, (B) two measures of
effort and (C) CPUE estimated from two measures of effort. Catches expressed as a proportion of the
2004-05 catch to protect licence holder confidentiality, due to small number of MSF licence holders.
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Figure 3-6. Average number of individuals fishing per licence, per day, in the Marine Scalefish Fishery for
Pipi in South Australia.
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Figure 3-7. Linear regression of effort and catch from Marine Scalefish Fishery for pipi (dotted lines
represent 95% confidence intervals).
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3.4. Spatial distribution of catch
Catches are aggregated into 20 km sections of Younghusband Peninsula to protect licence
holder confidentiality (≥5 licences). Generally, the highest catches were taken from the
section 20 to <40 km from the mouth of the Murray River in 2008-09, 2010-11 and 2011-12
and comprised 42%, 48%, and 55% of the total catch, respectively (Figure 3-8).
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Figure 3-8. Spatial distribution of catches of pipi along Younghusband Peninsula
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3.5. Market distribution of catches
In 2008-09, 23% of pipi were supplied to the human consumption market with the remainder
sent to the bait market (Figure 3-9).

Pipi supplied to the human consumption market

increased to 49% in 2010-11 and was 45% in 2011-12. Less than 1% of catches were
retained for personal use by fishers.
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Figure 3-9. Markets for pipi from 2008-09 to 2010-11.

3.6. Discards
The percentage of licence holders reporting catches of pipi who also reported discards
increased from 52% in 2008-09 to 72% in 2009-10, then declined to 62% in 2010-11 and
2011-12. Levels of discarding of pipi may differ depending on whether fishers are supplying
bait (small pipi) or human consumption markets (larger pipi).
The percentage of discards in the combined catch (discarded catch/(discarded and retained
catch)*100) was 5.2% in 2010, then increased to 27.6% in 2009-10 and was 6.1% in 201112 (Table 3-1). Estimates of the percentage of pipis that are discarded may be
underestimated due to non-reporting of discards as suggested by the high proportion of
licence holders who reported no discards.
Table 3-1. Levels of discarded pipi from 2008-09 to 2010-11.
Discards
Financial year

2008-09
2009-10
2010-11
2011-12

Discards
(t)
50.9
82.8
15.6
23.0

Discards

(% of total catch limited to
licence holders reporting
discards)

(%of total catch)
10.8
27.6
5.2
6.1

14.5
27.2
8.6
10.7
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Percentage of
active licences
reporting
discards
52.4
71.4
61.9
61.9

3.7. Annual value of catches
The total annual catch value increased to an historic peak of $3.2M in 2008-09, then
decreased to $2.2M in 2010-11 and increased to $3M in 2010-11. The total annual catch
vale was $2.7M in 2011-12 (Figure 3-10). The increasing trend in annual catch value was
consistent with an exponential trajectory from 1984-85 to 2011-12 (y = 229.28e0.0938x,
r2 = 0.91).
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Figure 3-10. Total annual catch value of pipi from South Australia.

During the 12 year period from the peak annual catch in 2000-01 to 2011-12 the value of pipi
($/kg) followed an inverse exponential trend (non-linear regression, NLR: r2=0.97;
F1,11=309.334, p<0.005) with years of high catch associated with low average prices on the
South Australian fish market (Figure 3-11). There was a similar strong relationship between
total catch and value of pipi ($/kg) when inter-state markets were considered (NLR: r2=0.94;
F1,10=133.452, p<0.001 ) (EconSearch 2012a).
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Figure 3-11. Total annual catch and local market price from peak catch in 2000-01 to 2011-12.
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3.8. Discussion
Total annual catches peaked at 1,250 t in 2000-01 and remained above 1,000 t for six more
years, while CPUE declined steeply. The first TACC of 1,050 t in 2008-09 failed to constrain
catch in that year. Subsequent conservative TACCs effectively constrained catches in 200910 and 2012-11. CPUE (kg.day-1) increased in 2009-10 and 2010-11 suggesting that
biomass had begun to rebuild.
From December 2010, a 10 km section of Younghusband Peninsula was closed to fishing
due to high levels of the bacteria Escherichia coli associated with flows from the Murray
River. Lower catches from the north-western most section of the fishing ground (0 to
<20 km) in 2010-11 and 2011-12 reflect restricted access.

Higher catches from 20 to

<40 km in 2010-11 and 2011-12 year indicate relocation of fishing effort to the south-east
along the beach. However, uncertainty exists around spatial location of catches because
significant catches (~14-20% of total) were reported from two areas of Younghusband
Peninsula where it is unlikely that significant catches were taken: (i) 0 km i.e. at the Murray
River mouth, and (ii) from >60 km south of the Murray River. Catches from these locations
are not supported by results from fishery-independent surveys which show that pipi occur at
very low levels of relative biomass at >60 km from the Murray River. Additionally, both areas
are outside the SASQAP zone from which catches must originate if destined for human
consumption markets.
Uncertainty exists around CPUE as an estimate of relative abundance due to: (i) differences
among individual licence holders in the way that fishing effort (days, hours, search time) is
reported; (ii) changes in fisher practices associated with the size of pipi targeted for human
(large pipi) and bait (smaller pipi) markets. Whilst a fishery-independent method for
estimating relative abundance of pipi has been developed and implemented since 2007-08 it
is important to address the uncertainty around commercial CPUE because it provides the
only long-term time-series (28 years) of estimates of relative abundance.
There is potential to improve catch and effort reporting by licence holders to address several
sources of uncertainty in catch and effort data: (i) non reporting of discards; (ii) low spatial
resolution for reporting catches and effort; (iii) effort in fisher days may be reported differently
among licence holders; and (iv) differences in reporting of hours fished and search time
among licence holders. Additionally, whilst the amount of pipi discarded may be up to 27% of
the retained catch, mortality of discards is unknown.
Up to 49% of harvested pipi harvested are sold to the human consumption market. This is
important because larger pipi are targeted for this market. Monitoring of size frequencies of
pipi is conducted as part of the fishery-independent monitoring program. However, regular
catch sampling for size data for each market would provide useful information on changes in
the size classes of pipi that are targeted by the fishery.
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4. FISHERY-INDEPENDENT SURVEYS OF PIPI
4.1. Introduction
Because uncertainty exists around commercial CPUE as an estimate of relative abundance
of pipi a fishery-independent measure of relative abundance was developed over the period
from 2007-08 to 2009-10 (Ward et al. 2010). A key feature of this fishery-independent
estimate of relative abundance is strong engagement with pipi fishers who undertake
structured fishing surveys in conjunction with scientific observers.
The fishery-independent measure of relative abundance has been formally evaluated and
has gained acceptance as a reliable index of relative abundance from stakeholders (Ward et
al. 2010). Since 2007-08, annual stakeholder workshops have been conducted by PIRSA to
inform the TACC for the upcoming season. In addition to commercial catch and effort data,
annual estimates of fishery-independent relative abundance along with temporal and spatial
breakdowns of these data have been included in stock status presentations since 2007-08 to
inform setting of the TACC. Length frequency data from the fishery-independent surveys
have also been provided to inform pre-season recruitment and growth of pipi.
In 2011-12, the fishery-independent estimate of relative abundance was adopted as the
primary indicator for the harvest strategy for pipi (Appendix 1). The presence/absence of
pre-recruits (<35 mm) in length frequency distributions was adopted as a secondary
indicator.

However, it is intended to develop a fishery-independent estimate of relative

abundance of pre-recruits from 2012-13. Once developed, it is expected that the index of
relative abundance of pre-recruits will replace the presence/absence of pre-recruits as the
secondary indicator.
4.2. Methods
4.2.1. Survey design
Annual fishery-independent surveys were conducted between 2007-08 and 2012-13 across
the Coorong Classified Area from the mouth of the Murray River to a point 60 km south-east
of the Murray River (Figure 4-1). The survey area was divided into three 20 km sections (A,
0 to <20 km; B, 20 to <40 km; and C, 40 to <60 km from the Murray River mouth). Within
each 20 km section were 10 fixed sampling sites, 2 km apart. Surveys were conducted
before (or near the start), during and after (or near the end) each commercial fishing season.
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Figure 4-1. Map of the study area showing the Younghusband Peninsula and the Coorong Classified
Area. Three sections are surveyed: Section A extends south east from the mouth of the Murray River to
a distance of 20 km; Section B from 20-40 km; and Section C from 40-60 km.

4.2.2. Relative biomass
Fishery-independent surveys targeting pipis above the legal minimum size (LMS) were
conducted by commercial fishers under the direction of a scientific observer. Each sample
was taken from a 3 × 1.5 m quadrat that was orientated parallel to the beach and fished
using a commercial ‘rake’ (stretched mesh size 44 mm). The weight of each sample was
measured to the nearest 0.1 kg using calibrated spring scales.
Prior to each survey, the relative sampling efficiency of each fisher was evaluated by
comparing the mean weight of their catches from five randomly-selected sites (each fisher
took one sample from each site). Where significant differences were detected among fishers
efficiency corrections were applied to the data for that survey.
The entire survey area was sampled twice during each survey (on the first and third day) to
examine broad-scale variations in relative biomass. On each occasion (day), a sample
(quadrat) was taken at each of 30 sites (10 sites located 2 km apart in each 20 km section).
Fine-scale variability in relative abundance was examined on the second day of each survey
(beginning April 2007) by sampling three replicate quadrats (each separated by ~50 m) at
each of three randomly-selected sites within each section (nine sites in total).
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4.2.3. Population size structures
Size frequency samples were collected on the last day of each survey. At each site the
scientific observer collected approximately 100 pipis using a fine-mesh research net (10 mm
stretched mesh) from an area adjacent to transects used to estimate relative biomass. In the
laboratory, the shell length (maximum shell width) of each pipi in each sample was
measured to the nearest 0.01 mm using electronic callipers. As there is spatial variability,
data for size structures were aggregated into three 20 km sections (Sections A, B, and C) of
the Younghusband Peninsula as was done for estimates of relative biomass.
4.3. Results
4.3.1. Inter-annual trends in relative biomass
Annual relative biomass of pipi was 5.9±0.3 kg/4.5 m2 and 4.0±0.3 kg/4.5 m2 in 2007-08 and
2008-09. Relative biomass increased to 10.7±0.70 kg/4.5 m2 in 2009-10 and was 9.7±0.5
kg/4.5 m2 in 2010-11. The highest relative abundance of 13.2±0.8 kg/4.5 m2 was in 2011-12.
Relative abundance in 2012-13 was 12.4 ±0.8 kg/4.5 m2 (Figure 4-2).
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Figure 4-2. Annual estimates of relative biomass from a 60 km section of Younghusband Peninsula.

4.3.2. Intra-annual trends in relative biomass
Pre- (October/November), mid- (February) and post-season (April/May) surveys provided an
indication of changes in relative biomass through the fishing season (November to May).
During 2007-08, relative biomass declined throughout the season from 10.4±0.7 kg/4.5 m2 in
the pre-season survey to 3.3±0.3 kg/4.5 m2 in the post season survey ( Figure 4-3).
Similarly, in 2008-09 relative biomass remained low and decreased from 4.3±0.6 kg/4.5 m2
pre-season, to 4.0±0.3 kg/4.5 m2 post season. In 2009-10, relative biomass was
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10.3±1.2 kg/4.5 m2 which was higher than in previous pre-season surveys then increased to
15.3±1.3 kg/4.5 m2 by the end of the season.
In 2010-11, relative biomass increased consistently throughout the season from
8.8±0.7 kg/4.5 m2 to 10.6 ±1.1 kg/4.5 m2. In 2011-12, relative biomass increased from
11.4±1.2 kg/4.5 m2 to 15.3 ±1.7 kg/4.5 m2 then declined to 12.8 ±1.3 kg/4.5 m2.
In 2011-12, relative biomass increased from 11.4±1.2 to 15.3 ±1.7 kg/4.5 m2, then declined
to 12.82 ±1.3 kg/4.5 m2. In 2012-13, relative biomass was 14.4±1.6 kg/4.5 m2 in the preseason survey then declined to 11.6 ±1.3 and 11.1 ±1.4 kg/4.5 m2 in the mid and postseason surveys, respectively.
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Figure 4-3. Intra-annual trends in relative biomass from a 60 km section of Younghusband Peninsula.

4.3.3. Spatial trends in relative biomass
In 2007-08, relative biomass in Section A was 8.4±0.3 kg/4.5 m2 compared to
2.9 ±0.3 kg/4.5 m2 in Section B ( Figure 4-4). From 2008-09 to 2011-12, the highest relative
biomass occurred in Section B and increased from 5.6±0.7 kg/4.5 m2 from 2009-10 to
17.4 ±1.6 kg/4.5 m2 in 2011-12.
In 2012-13, relative biomass declined from north-west to south-east with the highest relative
biomass of 19.1±1.2 kg/4.5 m2 in Section A, 15.3±1.4 kg/4.5 m2, in Section B, and
2.7±0.5 kg/4.5 m2 in Section C.
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Figure 4-4. Spatial trends in relative biomass of pipi on Younghusband Peninsula among five fishing
season.

At a smaller spatial scale (10 km sections), from 2007-08 to 2012-13, annual estimates of
relative biomass were generally higher in the sections of Younghusband Peninsula from 0 to
<10, 10 to <20, 20 to <30, and 30 to <40 km, and lower in the sections from 40 to <50 and
50 to <60 km ( Figure 4-5).
In each of the ten km sections (0 to <10, 10 to <20, 20 to <30, and 30 to <40 km) relative
biomass generally increased from 2007-08 to 2012-13. In particular, in the section from 0 to
<10 km there was a consistent temporal trend of increasing relative biomass from 4.74±0.1
to 18.43±9.7 kg/4.5 m2 between 2007-08 and 2012-13. However, for the southern-most
section, from 50 to <60 km, there was a declining in relative biomass from 9.2±1.3 to
1.96±1.0 kg/4.5 m2 between 2009-10 and 2011-12. No pipi were recorded from the 50 to
<60 km section in 2012-13. Similarly, relative biomass in the section from 40 to <50 km
declined from 15.9±2.1 to 5.36±0.6 kg/4.5 m2 between 2011-12 and 2012-13.
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Figure 4-5. Spatially resolved estimates of annual relative biomass from 2007-08 to 2012-13

4.3.4. Population size structures
Individual pipi from fishery-independent surveys (research rake, 10 mm mesh) on
Younghusband Peninsula ranged in size from ~10 to 62 mm width. Size structures varied
temporally and spatially (Figure 4-6). In Section A, during the 2007-08 fishing season for pipi
(November 2007 to May 2008), two modes were present in size frequencies (December
2007, February 2008, and April 2008).
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The largest of these modes occurred at 49 and 53 mm in December 2007 and April 2008,
respectively. In October 2008, prior to the beginning of the 2008-09 fishing season the
largest size mode occurred at 54 mm. However, in April 2009 at the end of the fishing
season the largest size mode occurred at 45 mm, which was 17% smaller than at the start of
the season. The largest size mode declined by a further 18% from 45 to 37 mm from
October 2009 to February 2010. Whilst the modal size of the largest size mode increased
gradually over subsequent fishing seasons it did not did not attain 54 mm until May 2012, a
period of 24 months. This temporal trend in the size of the largest size mode was also
observed in size structures from Sections B and C.The size of the largest mode also varied
spatially. In November 2011, the largest mode in Section A was 52 mm. In the south-eastern
part of the beach the largest mode was 49 and 48 mm in Sections B and C, respectively.
The presence of a smaller, secondary mode in size structures may indicate recruitment to
research sampling nets. Smaller, secondary modes were present in size structures from
December 2007 (16 mm), and also in October 2009, November 2010 and November 2011
(~16 mm) suggesting that recruitment had occurred. Notably, pipi <35 mm were poorly
represented in the size structures from October 2008 suggesting that recruitment did not
occur at that time. However, a secondary mode of small pipi occurred in April 2009
suggesting that recruitment may have occurred later in the 2008-09 fishing season. Among
the three 20 km sections of Younghusband Peninsula the size structures of pipi generally
had the same number of modes. The key difference was that for a given sample month the
secondary mode of smaller recruits was strongest in Section A and weaker in Sections B
and C. For example, the mode at 14 mm in Section A in November 2010 was relatively weak
in Sections B and C.
The progression of modes in size frequency distributions can be used as an indication of the
growth of cohorts of pipi. In Section A, the smallest size mode in October 2008 occurred at
12 mm (Figure 4-6). The corresponding cohort (second mode) in the size frequency from
October 2009 occurred at 30 mm suggesting a growth rate of 18 mm.y-1 or 1.5 mm.month-1
for recruits. From October 2008 to October 2009 this cohort increased in modal size from 40
to 45 mm, a growth rate of 5 mm.y-1, or 1.6 mm.month-1. The smallest size mode in
November 2010 occurred at 14 mm and this cohort occurred at 40 mm in November 2011
indicating annual growth of 26 mm.y-1 or 2.1 mm.month-1. A small size mode representing
recruits was also present in the size structure from Section A in October 2009 but was poorly
defined in subsequent months and could not be clearly identified in October 2010.
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Figure 4-6. Length frequency distribution from three sections of Youngusband Peninsula: Section A, 0 to
<20 (left); Section B, 20 to <40 (centre); and Section C (right), 40 to <60 km from the mouth of the Murray
River (right).
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4.4. Discussion
Pipi recruit to research nets (10 mm mesh) during winter-spring at approximately 12-16 mm.
Pipi then grow rapidly to the LMS of 35 mm by approximately one year old. Linear growth
slows greatly at sizes greater than ~40 mm with the maximum size of 55 mm attained by
approximately 2 years.
Recruitment varied temporally and spatially. The timing of recruitment varied among years
with the presence of a distinct mode of ~16 mm recruits indicating that recruitment occurred
during October to December of 2007-08, 2009-10, 2010-11 and 2011-12. In contrast
recruitment (~16 mm) in 2008-09 appeared to occur at the end of summer with recruits
present throughout winter in 2011. In 2011-12, newly recruited pipi (~16 mm) were present
in spring (November 2011) and autumn (March 2012). Similar temporal variability in
recruitment was inferred from size frequency distributions (2 mm mesh sieve) by King
(1976). King (1976) further suggested that larval settlement may have occurred more than
once between April 1973 and May 1974.
Recruitment may be spatially variable on Younghusband Peninsula because the relative
contribution of the smallest mode in size distributions from Sections A, B and C varied.
Recruits comprised a greater proportion of size distributions in Section A than Section C.
Whilst it is important to recognise the difficultly in differentiating between strong recruitment
and/or loss of larger pipi in size frequency distributions the suggestion of poor recruitment is
supported by the consistently low relative biomass among years in Section C.
The maximum size of pipi was 61 mm (width) with the largest mode at approximately 52 mm
in November 2011. This is consistent with a modal size of 48 mm from Goolwa Beach in the
1970’s and a maximum size of 55-59 mm (King 1976; King 1995). The maximum size for pipi
reported in Australia was from Stockton Beach in NSW where the largest size mode was 50
to 60 mm, with a maximum size of 70 mm (Murray-Jones and Steffe 2000).
The most recent assessment of the pipi resource on Younghusband Peninsula suggested
that it may have been weakened following a period of over-exploitation prior to 2009-10
(Ferguson and Mayfield 2006; Ferguson 2008). The results of the stock assessment are
supported by low relative biomass observed in fishery-independent surveys in 2007-08 and
2008-09 and by the reduced size of the largest mode in size distributions from February
2010 to February 2011 Other information from fishery-independent surveys also suggested
that the pipi resource was depleted at the end of the 2008-09 fishing season: (i) from
October 2008 to April 2009 the fishery-independent biomass declined steeply; (ii) the modal
size of the largest mode in the size structures declined 17% across the 2008-09 fishing
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season suggesting loss of larger individuals from fishing and natural mortality; (iii) the modal
size of the largest mode in the size structures declined from 45 to 37 mm from October 2009
to February 2010, a further decline of 18% suggesting continued loss of larger individuals.
The TACC of 300 t for the 2009-10 fishing season for pipi was the first to constrain catches
since quota management was introduced at the start of the 2007-08 fishing season.
Indications that this contributed to rebuilding of the stock were: (i) increases in annual
fishery-independent relative biomass from 2009-10 to 2011-12; (ii) increases in fisheryindependent relative biomass throughout the fishing seasons for pipi in 2010-11 and 201112; and (iii) increases in annual commercial CPUE in 2009-10 and 2010-11.
Recovery of the resource from 2009-10 onwards was suggested by strong increases in
annual estimates of fishery-independent relative biomass from 2008-09 to 2009-10. This
increase in relative biomass onwards may have been partly due to growth of larger pipi
which is suggested by an increase in the size of the largest mode in size distributions from
February 2010 (~42 mm) to February 2011 (~52 mm). The largest mode of ~52 mm in
February 2010 was consistent with a maximum modal size of ~58 mm from an earlier study
in the early 1970s when annual catches were historically low (King 1976). Growth of prerecruits from May (~30 mm) to November in 2011 (~37 mm) may also have contributed to
increasing relative biomass. Other information that suggested that the pipi resource was
recovering from 2008-09 were: (i) within-season increases in relative biomass between preand mid-season surveys in 2010-11 and 2011-12, compared to a steep decline across the
season in 2007-08; (ii) the increase in consistency of the inter-annual trends of increasing
relative biomass across the spatial extent to the fishery; and (iii) the presence of three
modes in size structures after June 2011.
Although, fishery-independent relative biomass generally increased from 2008-09, spatial
contraction of the resource on Younghusband Peninsula appears to have occurred as
suggested by low relative biomass in the south-eastern most (40 to <60 km from Murray
River) section of Younghusband Peninsula.
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5. ASSESSMENT OF THE FISHERY PERFORMANCE INDICATORS
5.1.

Introduction

A new management plan for the LCF is currently being developed and is due for completion
in May 2014. The management plan will include harvest strategies for all key species. The
pipi harvest strategy was developed in 2012 and outlines the process for setting the annual
TACC for pipi (Appendix 1). The overall objective of the pipi harvest strategy is to ensure
long-term sustainability of the pipi fishery.
The pipi harvest strategy was developed using the best available information, during a
period of stock rebuilding following a period of stock decline. The harvest strategy will be
reviewed in 2015.
5.2. Materials and methods
The overall methods for collection of field data to provide estimates of the two biological
performance indicators are described in Section 4 and Ward et al. (2010).
5.2.1. Fishery-independent relative biomass
The primary biological performance indicator in the pipi harvest strategy is the fisheryindependent estimate of mean annual relative biomass of pipi (i.e. fishable biomass). Each
annual estimate of fishery-independent relative abundance is based on the combined results
of three surveys (pre-, mid-, and post-season) which were conducted in October-November,
February-March, and April-May of each year following the method of Ward et al (2010).
Fishers use pipi rakes with standardised mesh (44 mm) to catch pipi from transects (4.5 m2)
located along 60 km of the Younghusband Peninsula at 2 km intervals from the Murray River
mouth. The annual estimate of relative biomass is the mean of all transects from the three
surveys in any year.
The harvest strategy aims to maintain mean annual relative biomass of pipi within a range of
8 to 10 kg/4.5 m². Should mean annual relative biomass fall below the lower limit reference
point of 4 kg/4.5 m² the fishery will be closed.
5.2.2. Presence/absence of pre-recruits
The secondary biological performance indicator is the presence/absence of pre-recruits in
size distributions from October/November of each year. Pipi are collected using a
standardised research net (10 mm mesh) from each of the transect locations used for the
relative biomass estimates.

The size distribution comprises combined samples from all

transects located 0 to 60 km south of the Murray River.
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Pre-recruits are considered to be present in size frequency distributions if they represent at
least 30% of the overall length frequency.
5.3. Results
5.3.1. Fishery-independent relative biomass
Estimates of mean annual relative biomass of pipi were available from 2007-08 to 2012-13
(Figure 5-1).

From 2007-08 to 2010-11, mean annual relative biomass increased from

5.9 kg/4.5 m2 in 2007-08 to 13.2 kg/4.5 m2 in 2010-11. Relative biomass in 2012-13 was
12.4 kg/4.5 m2 (Table 5-1).
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Figure 5-1. Time-series of annual estimates for fishery-independent relative biomass available during
harvest strategy development (orange) and recent estimates (blue).

Table 5-1. Annual estimates of fishery-independent relative biomass.
Year

Relative biomass

SE

2

(kg/4.5m )
2007-08

5.9

0.33

2008-09

4.0

0.34

2009-10

10.7

0.65

2010-11

9.7

0.51

2011-12

13.2

0.81

2012-13

12.4

0.82

The performance indicator, mean annual relative biomass, was 12.4 kg/4.5 m² in 2012-13
which was within the range of 8 to 10 kg/4.5 m² that is defined in the pipi harvest strategy.
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5.3.2. Presence/absence of pre-recruits
Estimates of the presence/absence of pre-recruits (sub-legal sized pipi) were available from
October-December of each year from 2007-09 to 2012-13 (Figure 5-2). A mode of prerecruits (<35 mm) was present in size distributions from pre-season surveys in all years from
2007 to 2012. However, pre-recruits made up a smaller proportion of size distributions
(<30%) in 2008 and 2010. The performance indicator, presence/absence of pre-recruits, was

Frequency (%)

positive in 2012-13 i.e. pre-recruits were present (31%).
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Figure 5-2. Size frequency distributions of pipi from three sections of Younghusband Peninsula during
pre-season surveys from 2007 to 2012. Upper left of each graph shows, year, month of pre-season
survey, and percentage of sample below legal minimum size of 35 mm (all samples n~1000). Red line
represents LMS.
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5.3.3. TACC for 2013-14 season
The TACC for the 2012-13 pipi fishing season was 400 t. The estimate of mean annual
relative biomass in 2012-13 was 13.2 kg/4.5 m2 which was in the range of ≤12 to
<14 kg/4.5 m2 on the x-axis of the traffic light diagram described in the pipi harvest strategy
(Appendix 1, Figure 1).
The estimate of mean annual relative biomass in 2012-13 was 12.4 kg/4.5 m2, which was
also in the range of ≤12 to <14 kg/4.5 m2 of the traffic light diagram (Appendix 1, Figure 1).
Pre-recruits were present in size frequency distribution from November 2012. Under the
decision rules of the of the pipi harvest strategy (Appendix 1, Figure 1, Table 1) an increase
of 50 t is allowable, providing a TACC in the range of 400 to 450 t for the 2014-15 pipi fishing
season.
5.4. Discussion
The fishery for pipi was managed under a TACC from 2007-09 with conservative TACCs
from 2009-10 following a period of over-exploitation (Ferguson and Mayfield 2006). From
2009-10, increases in mean annual relative biomass and an increase in the modal size of
pipi suggest that the resource is recovering. Because the time series of relative biomass
estimates is limited to the six year period from 2007-08 to 2012-13 which includes several
years when the resource was rebuilding it is important to continue obtaining annual
estimates of relative biomass and size frequency data.
Whilst fishery-independent relative biomass is considered a more robust estimate of the
relative abundance of pipi than commercial CPUE it is subject to several assumptions (i) that
it represents the biomass of pipi on Younghusband Peninsula and (ii) that it is sensitive to
changes in the biomass.
Size frequency distributions indicate high inter-annual variability in recruitment to the
population of pipi fishery on Younghusband Peninsula which is also the case for pipi
populations elsewhere (McLachlan et al. 1996). Variability in recruitment and beach
conditions also may contribute to variability in relative biomass of pipi. Whilst size frequency
distributions provide an indication that recruitment may have occurred, understanding the
relative contributions from recruits and pre-recruits is problematic. For example, a high
proportion of sub-legal sized pipi in size frequency distributions may represent recruitment to
the fishery or loss of older, larger individuals. Consequently, an index of relative abundance
of pre-recruits is required and is currently being developed.
The harvest strategy and associated performance indicators will be reviewed in 2015. This
will allow incorporation of a longer time series of estimates for the primary indicator (mean
annual relative biomass) and evaluation of an indicator based on an index of relative
biomass of pre-recruits.
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6. GENERAL DISCUSSION
6.1. Information, knowledge gaps and uncertainty in the assessment
This stock assessment of the pipi resource on Younghusband Peninsula is aided by two
previous stock assessments (Murray-Jones and Johnson 2003; Ferguson and Mayfield
2006), annual stock status reports on the Lakes and Coorong Fishery (Ferguson
2006a;b;2008;2010;2011;2012) and annual stock status presentations at stakeholder TACC
setting workshops prior to commencement of each pipi fishing season.
Primarily, assessment of the pipi resource on Younghusband Peninsula is informed by
annual estimates of fishery-independent relative biomass (Ward et al. 2010), which have
been obtained since 2007-08. Fishery-independent surveys conducted on Younghusband
Peninsula (0 to 60 km from the Murray River Mouth) on a tri-annual basis (pre, mid and postseason) from 2007-08 to 2012-13 provide spatially resolved (2 km) data on: (i) relative
biomass of legal-sized pipi; and (ii) size frequency distributions of pipi (10 to 65 mm). The
exception was 2008-09 when two (pre and post-season) surveys were conducted.
Additionally, commercial catch and effort data were available from 1984-85 to 2011-12.
However, concerns about changing fisher practices and associated uncertainty around
commercial CPUE as an estimate of relative abundance of pipi have resulted in increased
reliance on fishery-independent data. Total annual catch in relation to the annual TACC may
provide an indication of stock status. There are also high levels of uncertainty around the
spatial distribution of commercial catches which limits their use for understanding the
impacts of fishing on spatial variability in fishery-independent relative biomass.
A recent study, conducted through an FRDC project in collaboration with PIRSA, SARDI,
and pipi fishers addresses several biological knowledge gaps including: (i) an estimate of the
size at maturity (SAM50, SAM95) of pipi on Younghusband Peninsula; (ii) intra-annual trends
in gonad development; (iii) intra-annual trends in relative biomass; (iv) recruitment of pipi;
and (iv) growth of pipi (Ferguson 2013).
The main uncertainty around assessment of the pipi resource on Younghusband Peninsula
concerns the reliance on size frequency distributions to determine if recruitment has
occurred. Use of length frequency distributions as an indicator of relative abundance of
recruits requires caution because it is difficult to differentiate between situations where (i) a
strong mode of sub-legal sized pipi (<35 mm) compared to legal sized pipi (≥35 mm)
represents high levels of recruitment where a strong mode of small individuals is compared
with a mode of larger individuals and (ii) low abundance of larger individuals which may also
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suggest strong recruitment.

To address this issue PIRSA, SARDI, and pipi fishers are

currently investigating several methods to develop an index of abundance of pre-recruits.
Once developed, this index will be evaluated for inclusion in the pipi harvest strategy when it
is reviewed in 2015.
From 2007-08 to 2012-13, fishers reported that an increasing proportion of the catch has
been sent to the human consumption market which suggests that more of the larger pipi
have been targeted recently. The impacts on the pipi population of such targeting of larger
pipi are unknown.
6.2. Current status of the fishery for pipi
The resource supporting the Lakes and Coorong Fishery for pipi was assessed as depleted
in 2006 following 9 years of steeply declining relative abundance (commercial CPUE)
(Ferguson and Mayfield 2006). Low relative biomass in 2007-08 and 2008-09 and the
diminished modal size of the largest mode in size distributions from February 2010 to
February 2011 further suggested that the pipi resource on Younghusband Peninsula was
depleted prior to 2009-10 (Ferguson and Mayfield 2006; Ferguson 2010).
Due to concerns about the status of the pipi resource and high levels of latent effort, TACCs
were introduced in 2007-08 but were considerably higher than the annual catch in 2007-08
and 2008-09 suggesting that the TACCs were too high in those years. In contrast, the lower
TACCs effectively constrained catches in 2009-10 and 2010-11.
Mean annual relative biomass increased from 2009-10 to 2012-13 then declined slightly in
2012-13. This increase in relative biomass may have been partly due to growth of larger pipi
which is suggested by an increase in the size of the largest mode in size distributions from
February 2010 (~42 mm) to February 2011 (~52 mm). The largest mode of ~52 mm in
February 2010 was consistent with the maximum modal size of ~58 mm from an earlier
study in the early 1970s when annual catches were historically low (King 1976). Growth of
pre-recruits in 2011 from May (~30 mm) to November (~37 mm) may also have contributed
to increasing relative biomass. This was supported by increases in relative biomass between
pre-and mid-season surveys in 2010-11 and 2011-12, compared to a steep decline across
the season in 2007-08.
Although relative biomass in 2012-13 was high compared to previous years, spatial
contraction of the pipi resource on Younghusband Peninsula appears to have occurred. Low
relative biomass was observed in the south-eastern part of the fishing ground (40 to <60 km
form the Murray River). In contrast high relative biomass was observed in the north-western
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part of the fishing ground (0 to <20 km from the Murray River). This likely resulted from
changes to the fishing exclusion zone where part of the fishing ground was closed to fishing
during 2010-11 (0 to 20 km from the Murray River mouth), 2011-12 (0 to 10 km), and 201213 (0 to 10 km) as part of the South Australian Seafood Quality Assurance Program.
Size frequency distributions from fishery-independent surveys suggest relatively high
recruitment to the fishery in 2010-11 and 2011-12. Recruitment in 2011-12 was consistent
across the fishing ground on Younghusband Peninsula (0-60 km from Murray River mouth).
Using the definition from the National Status of Key Australian Fish Stocks (Flood et al.
2012), the status of the pipi resource in 2012-13 is sustainably fished, i.e. relative biomass
is at a level sufficient to ensure that, on average, future levels of recruitment are adequate
(i.e. not recruitment overfished) and for which fishing pressure is adequately controlled to
avoid the stock becoming recruitment overfished.
6.3. Pipi harvest strategy
The pipi harvest strategy and associated decision rules were used to set the TACC for the
2012-13 fishing season and formally implemented for 2013-14.
Estimates of mean annual relative biomass (the primary biological performance indicator) in
2011-12 (13.2 kg/4.5 m2) and 2012-13 (12.4 kg/4.5 m2) were above the target range (≤8 to
<10 kg/4.5 m2) that is described in the pipi harvest strategy (Appendix 1; Section 15.3) i.e. in
2012-13, relative biomass was 55% higher than the lower limit of the target range (8
kg/4.5 m2).

Additionally, the presence/absence of pre-recruits (<35 mm, secondary

biological performance indicator) was positive with pre-recruits (31% of sample) present in
size distributions from November 2012. Application of the decision rules of the pipi harvest
strategy (Appendix 1) suggest that the TACC for 2013-14 should be in the range from 400 to
450 t (Section 5).
While fishery-independent relative biomass is considered a more robust estimate of the
relative abundance of pipi than commercial CPUE, estimates are available for only six years.
Additionally, the reference period used to set the target range was limited to four years which
included a period when the resource was recovering. Consequently it is important to
continue to collect relative biomass data following the protocol established in Ward et al
(2010).
Size frequency distributions indicate high inter-annual variability in recruitment to the
population of pipi fishery on Younghusband Peninsula which is also the case for pipi
populations elsewhere (McLachlan et al. 1996). Whilst size frequency distributions provide
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an indication that recruitment may have occurred, understanding the relative contributions
from recruits and pre-recruits is problematic. For example, a high proportion of sub-legal
sized pipi in size frequency distributions may represent recruitment to the fishery or loss of
older, larger individuals. Consequently, an index of relative abundance of pre-recruits is
required and is currently being developed by PIRSA, SARDI, and pipi fishers.
The harvest strategy and associated performance indicators will be reviewed in 2015. This
will allow incorporation of a longer time series of data for the primary indicator (relative
biomass) and evaluation of an indicator based on the index of relative biomass of prerecruits.
6.4. Future research, assessment and monitoring
During the development of the harvest strategy strong stakeholder support was expressed
for development of an index of relative abundance of recruits. An index of relative biomass of
recruits is currently being developed. Relative biomass of recruits will provide a second
primary performance indicator in the harvest strategy and may replace the current secondary
performance indicator presence/absence of pre-recruits (secondary indicator). The harvest
strategy is scheduled to be reviewed and updated in 2015 (See Appendix 1).
The longest time series of data for pipi on Younghusband Peninsula is provided by
commercial catch and effort. However, considerable uncertainty exists around CPUE
(kg.fisher day-1) as a measure of relative abundance due to differences in reporting effort
among individual licence holders and changes in fisher practices when targeting different
size classes of pipi for bait and human consumption markets. There is need for
standardisation of the way that fisher effort is reported. Also, finer spatial resolution of
catches would be beneficial and could be achieved through improved through modification of
logbooks and education of reporting requirements.
For 2013-14, the “Lakes and Coorong Management Plan Steering Committee” (LCFMPSC)
which comprises stakeholders from SARDI, PIRSA and the pipi fishery agreed to trial a
12 month fishing season without the restrictions that have previously been in place during
winter fishing. The LCFMPSC agreed that a decision on the long-term management
arrangements for the pipi season would be made following consideration of the FRDC report
“Harvest Strategy Development for South Australia’s Lakes and Coorong Fishery for Pipi
(Donax deltoides)” and a review of the 12 month trial. Consequently, there may be a need to
improve the temporal coverage of the fishery-independent surveys (i.e. increase the number
of fishery-independent surveys from 3 to 4 per year).
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Further work to improve understanding of the processes affecting recruitment of pipi would
reduce uncertainty around the frequency of recruitment. Beach morphology (for example
beach slope) and sand grade have been identified as likely causal factors. In particular,
changes in beach morphology associated with winter storms may play an important role in
providing suitable habitat for recruits. The influence of beach slope and sand particle size will
be done in conjunction with development of the index of pre-recruit abundance to improve
understanding in this area.
Formal yield per recruit analysis provides an estimate of how growth, natural mortality, and
fishing interact to determine the best size of pipi at which to start fishing them, and the most
appropriate level of fishing mortality. For example, length-based methods i.e. ELEFAN II
(Gayanilo et al. 2005) have been used to estimate growth and mortality of bivalve
populations (Herrmann et al. 2009; Herrmann et al. 2011). However, uncertainty exists
around estimates of growth rates and mortality derived from length-based methods. Ageing
based on shell microstructure has the potential to provide reliable age estimates for bivalves
(Arneri et al. 1998; Ezgeta-Balic´ et al. 2010). Additionally, there is potential to use seasonal
variation in elemental chemistry of pipi shells to validate age estimates inferred from modes
in length frequency distributions.

56

Bibliography
Anon (1985) A review of the Goolwa cockle (Donax deltoides). SAFISH 9(5): 14.
Ansell, A. D. (1983). The biology of the genus Donax. Sandy beaches as ecosystems.
A. McLachlan and T. Erasmus. The Hague, D R W Junk: 607-635.
Arneri, E., G. Giannetti and B. Antolini (1998) Age determination and growth of Venus
verrucosa L. (Bivalvia: Veneridae) in the southern Adriatic and the Aegean Sea. Fisheries
Research 38: 193-198.
Barnett, E. J. (1994) A Holocene paleoenvironmental history of Lake Alexandrina, South
Australia. Journal of Paleolimnology 12: 259-268.
Bhattacharya, C. G. (1967) A simple method of resolution of a distribution into Gaussian
components. Biometrics 23: 115-135.
Bourman, R. P. and C. V. Murray-Wallace (1991) Holocene evolution of a sand spit at the
mouth of a large river system: Sir Richard Peninsula and the Murray Mouth, South Australia.
Z. Geomorph. N.F. Suppl-Bd.(81): 63-83.
Brazeiro, A. and O. Defeo (1996) Macrofauna zonation in microtidal sandy beach
populations: Is it possible to identify patterns in such variable environments? Estuarine,
Coastal and Shelf Science 42: 523-536.
Campana, S. E. and S. R. Thorrold (2001) Otoliths, increments, and elements: keys to a
comprehensive understanding of fish populations. Canadian Journal of Fisheries and
Aquatic Science 58: 30-38.
Cantin, A. (2010) Population dynamics and ecology of the mud cockle, Katelysia spp., with
implications for its sustainable use. PhD, School of Biological Sciences, Flinders university of
South Australia, 156 pp.
Clarke, S. M. (1985) Fish kill - Cockles. SAFIC 9(1): 12.
Coe, W. R. (1955) Ecology of the bean clam Donax gouldii, on the coast of Southern
California. Ecology 36: 512-514.
Dakin, S. M. and I. Bennett (1987). Australian Seashores, Angus and Robertson. 372 pp.
de Mooy, C. J. (1959) Notes on the geomorphic history of the area surrounding Lakes
Alexandrina and Albert, South Australia. Transactions Royal Society of South Australia 82:
99-118.
Donn, T. E. J. (1990) Zonation patterns of Donax serra from the south and west coasts of
South Africa. Veliger 33(4): 1155-1158.

57

EconSearch (2012a) Economic Indicators for the Lakes and Coorong Fishery 2010/11 - A
report prepared for Primary Industries and Regions South Australia. Report no. EconSearch
Pty Ltd, Adelaide, 60 pp.
EconSearch (2012b) Lakes and Coorong Fishery Gross Margin Model Development. Report
for Primary Industries and Regions South Australia, Report no., Adelaide, 16 pp.
EconSearch (2013) Lakes & Coorong Pipi Fishery Gross Margin Model Update 2013. A
Report to Primary Industries and Regions South Australia, Report no., Adelaide, 11 pp.
Edyvane, K. and P. Carvalho (1995) Proceedings of the Murray Mouth Biological Resource
Assessment Workshop. Adelaide, South Australian Research and Development Institute.104
Ellers, O. (1995) Behavioural control of swash riding in the clam Donax variabilis. Biological
Bulletin 189: 120-127.
Ezgeta-Balic´, D., M. Peharda, C. A. Richardson, M. Kuzmanic´, N. Nedo Vrgoč and I.
Isajlovic (2010) Age, growth, and population structure of the smooth clam Callista chione in
the eastern Adriatic Sea. Helgoland Marinre Research 65: 457-465.
Farmer, B. (2003) Biology of the mulloway Argyrosomus japonicus in Western Australia.
Hons, School of Biological Sciences and Biotechnology, Murdoch University, 85
Ferguson, G. (2006a) The South Australian Lakes and Coorong Fishery: Fishery Stock
Status Report for PIRSA Fisheries. Stock Status Report for PIRSA Fisheries, Report no.
RD04/0099-2, South Australian Research and Development Institute (Aquatic Sciences),
Adelaide, 12 pp.
Ferguson, G. (2006b) The South Australian Lakes and Coorong Fishery: Fishery Stock
Status Report for PIRSA Fisheries. Stock Status Report for PIRSA Fisheries, Report no.
RD04-0993, South Australian Research and Development Institute (Aquatic Sciences),
Adelaide, 13 pp.
Ferguson, G. and S. Mayfield (2006) The South Australian Goolwa Cockle (Donax deltoides)
Fishery. Fishery Assessment report to PIRSA Fisheries, SARDI Research Report Series
150, Report no. RD06/005-1 SARDI, Adelaide, 30 pp.
Ferguson, G. (2008) The South Australian Lakes and Coorong Fishery: Fishery Stock Status
Report for PIRSA Fisheries. Stock Status Report for PIRSA Fisheries, Report no.
F2007/000722-2, South Australian Research and Development Institute (Aquatic Sciences),
Adelaide, 14 pp.

58

Ferguson, G. (2010) The South Australian Lakes and Coorong Fishery: Fishery Stock Status
Report for PIRSA Fisheries. Stock Status Report for PIRSA Fisheries, Report no.
F2009/000669-1 South Australian Research and Development Institute (Aquatic Sciences),
Adelaide, 15 pp.
Ferguson, G. (2011) The South Australian Lakes and Coorong Fishery: Fishery Stock Status
Report for PIRSA Fisheries. Stock Status Report for PIRSA Fisheries, Report no.
F2009/000669-2 South Australian Research and Development Institute (Aquatic Sciences),
Adelaide, 15 pp.
Ferguson, G. (2012) The South Australian Lakes and Coorong Fishery: Fishery Stock Status
Report for PIRSA Fisheries and Aquaculture. Stock Status Report for PIRSA Fisheries and
Aquaculture, Report no. F2009/000669-4 South Australian Research and Development
Institute (Aquatic Sciences), Adelaide, 17 pp.
Ferguson, G. J. (2013) Harvesting strategy development for South Australia's Lakes and
Coorong Fishery for pipi (Donax deltoides). Fisheries Research and Development
Corporation Final Report no. 2008/008 in prep, SARDI Aquatic Sciences, Canberra, 121 pp.
Flood, M., I. Stobutzki, J. Andrews, G. Begg, R. Fletcher, C. Gardner, J. Kemp, A. Moore, A.
O'Brien, R. Quinn, J. Roach, K. Rowling, K. Sainsbury, T. Saunders, T. Ward and M.
Winning, Eds. (2012). Status of key Australian fish stocks reports 2012. Canberra. Fisheries
Research and Development Corporation. 421 pp.
Fowler, A. J. and D. A. Short (1999) Validation of age determination from otoliths for the King
George whiting (Perciformes: Sillaginodes punctata). Marine Biology 130: 577-587.
Fowler, A. J. and Y. M. Eglinton (2002) Mudcockles (Katelysia spp.). South Australian
Fishery Assessment Series, Report no. 01/12 ASRDI Aquatic Sciences, Adelaide, 24
Gayanilo, F. C. J., P. Sparre and D. Pauly (2005) FAO-ICLARM Stock Assessment Tools II
(FiSAT II). Revised version. User's guide., FAO Computerized Information Series
(Fisheries). No. 8 (Revised version), Report no. FAO, Rome, 168 pp.
Gorman, D., S. Mayfield, T. M. Ward and P. Burch (2011) Optimising harvest strategies in a
multi-species bivalve fishery. Fisheries Management and Ecology 18: 207-281.
Gulland, J. A. and S. J. Holt (1959) Estimation of growth parameters for data at unequal time
intervals. J. Cons. CIEM 25(1): 47-49.
Heermann, M., J. E. F. Alfaya, M. L. Lepore, P. E. Penchaszadeh and J. Laudien (2009)
Reproductive cycle and gonad development of the Northern Argentinean Mesodesma
mactroides (Bivalvia: Mesodesmatidae). Helgoland Marine Research 63: 207-218.

59

Herrmann, M., D. Carstensen, S. Fischer, J. Laudien, P. E. Penchaszadeh and W. E. Arntz
(2009) Population Structure, Growth, and Production of the Wedge Clam Donax hanleyanus
(Bivalvia: Donacidae) from Northern Argentinean Beaches. Journal of Shellfish Research
28(3): 511-526.
Herrmann, M., J. E. F. Alfaya, M. L. Lepore, P. E. Penchaszadeh and W. E. Arntz (2011)
Population structure, growth and production of the yellow clam Mesodesma mactroides
(Bivalvia: Mesodesmatidae) from a high-energy, temperate beach in northern Argentina.
Helgoland Marine Research 65: 285-297.
James, R. J. and P. G. Fairweather (1996) Spatial variation of intertidal macrofauna on a
sandy ocean beach in Australia. Estuarine, Coastal and Shelf Science 43(1): 91-107.
Jones, K. and A. M. Doonan (2005) 2000-01 National Recreational and Indigenous Fishing
Survey: South Australian Regional Information. Report no. 46 Primary Industries and
Resources South Australia, Adelaide, 99 pp.
Jones, K. (2009) 2007/08 South Australian Recreational Fishing Survey. South Australian
Fisheries Management Series, Report no.

Primary Industries and Resources South

Australia, Adelaide, 84 pp.
King, M. (1985) A review of the Goolwa cockle. SAFIC 9(5): 14.
King, M. (1995). Fisheries Biology, Assessment and Management. Carlton, Victoria, Fishing
news Books, Blackwell Science Pty Ltd. 342 pp.
King, M. G. (1976) The life-history of the Goolwa cockle, Donax (Plebidonax) deltoides,
(Bivalvia: Donacidae), on an ocean beach, South Australia., Report no. 85 Department of
Agriculture and Fisheries, Adelaide, 16.
Laudien, J., T. Brey and W. E. Arntz (2003) Population structure, growth and production of
the surf clam Donax serra (Bivalvia, Donacidae) on two Namibian sandy beaches. Estuarine,
Coastal and Shelf Science 58S: 105-115.
Lee, K. (2003) SASQAP Annual Review for the Coorong Growing Area. South Australian
Shellfish Quality Assurance Program Annual Report 2003-04, 1, Report no.

Primary

Industries and Resources South Australia, Port Lincoln, 11 pp.
Lee, K. (2004) South Australian Shellfish Quality Assurance Program Annual Report 200304. Technical Report Series, Report no. 2004/20 Primary Industries and Resources South
Australia, Adelaide, 214 pp.
McLachlan, A. and P. Hesp (1984) Surf zone diatom accumulations on the Australian coast.
Search 15(7-8): 230 - 231.

60

McLachlan, A., J. E. Dugan, O. Defeo, A. D. Ansell, D. M. Hubbard, E. Jaramillo and P. E.
Penchaszadeh (1996) Beach clam fisheries. Oceanography Marine Biology Annual Review
34: 163-232.
Murray-Jones, S. (1998) Harvesting of the pipi, Donax deltoides, in N.S.W. FRDC Final
Report, Report no. 95/152 University of Woolongong, Woolongong, 72 pp.
Murray-Jones, S. (1999) Conservation and management in variable environments : the surf
clam, Donax deltoides., Department of Biological Sciences, The University of Woolongong,
254 pp.
Murray-Jones, S. and J. Johnson (2003) Goolwa Cockle (Donax deltoides). Fisheries
Assessment Report to PIRSA, Report no. SARDI Aquatic Sciences, Adelaide, 54 pp.
Murray-Jones, S. E. and D. J. Ayre (1997) High levels of gene flow in the surf bivalve Donax
deltoides (Bivalvia: Donacidae) on the east coast of Australia. Marine Biology 1(128): 83-89.
Murray-Jones, S. E. and A. S. Steffe (2000) A comparison between the commercial and
recreational; fisheries of the surf clam, Donax deltoides. Fisheries Research 44: 219-233.
Olafsson, E. B., C. H. Peterson and W. G. Ambrose (1994) Does recruitment limitation
structure populations and communities of macroinvertebrates in marine soft sediments: The
relative significance of pre and post settlement processes. Oceanography and Marine
Biology: An Annual Review 32: 65-109.
Rice, J. A. (1995). Mathematical Statistics and Data Analysis. Belmont, California, Duxbury
Press. 688 pp.
Riley, S. P., R. M. Green, W. Zacharin and G. B. Maguire (1993). Growth models and age
determination for the intertidal venerid clam Katelysia scalarina (Lamarck 1818) from three
sites in Tasmania, Australia. Enhancing Tasmanian Clam Resources. G. B. Maguire. Hobart,
Tasmanian Aquaculture and Fisheries Institute, University of Tasmania: 167-183.
Saenger, P. and P. Keyte (1990) Preliminary survey of Pipi populations on selected beaches
of northern New South Wales. Report no. Centre for Coastal Management Report University
of New England, Armidale, 14 pp.
Sloan, S. (2005) Management Plan for the South Australian Lakes and Coorong Fishery.
Management Plan, Report no. 44, Primary Industries and Resources South Australia,
Adelaide, 135 pp.
Taylor, C. C. (1958) Cod growth and temperature. ICES Journal of Marine Science(23): 336370.

61

Ward, T. M., G. Ferguson, N. Payne and D. Gorman (2010) Effectiveness of fisheryindependent surveys for monitoring the stock status of pipi (Donax deltoides) on the
Younghusband Peninsula, South Australia. 504, Report no. South Australian Research and
Development Institute (Aquatic Sciences), Adelaide, 35 pp.
Wetherall, J. A. (1986) A new method for estimating growth and mortality parameters from
length-frequency data. ICLARM Fishbyte 4(1): 12-14.

62

7. APPENDIX 1: HARVEST STRATEGY FOR LAKES AND COORONG FISHERY FOR PIPI
8.1 Overview Statement
The purpose of the harvest strategy is to ensure that the pipi fishery is fished on a
sustainable basis in accordance with the objects of the Fisheries Management Act 2007.
This pipi harvest strategy has been developed using the best available information, during a
period of stock rebuilding following a period of stock decline. As such, this harvest strategy
will be reviewed in three years time.
Pipi, Donax deltoides, are bivalve molluscs occurring along the south coast of Australia from
Eyre Peninsula to Kingston in South Australia (King 1976, 1985). Pipi prefer high energy surf
beaches where they filter feed from the water column and the Coorong beaches provide high
quality habitat (McLachlan and Hesp 1984). The population in the Coorong probably
represents the largest single stock abundance of this species in Australia (King 1976).
Pipi are generally referred to as ‘dribble spawners’ however, in South Australia, the peak
spawning period for pipi occurs in September-October of each year (King 1976, 1985). Large
natural fluctuations in abundance are a feature of pipi populations worldwide and appear to
be characteristic of the South Australian population (Coe 1955; King 1976; McLachlan et al.
1996; Murray-Jones 1999). Fluctuations may be driven by environmental factors such as
wind, or associated hydrological conditions, during the larval phase (King 1976, 1985). While
smaller freshwater flows are through to be beneficial to pipi spawning by providing nutrients,
periods of high river discharge may be potential causes of widespread mortalities (King
1985; Saenger and Keyte 1990; Murray-Jones and Johnson 2003). Growth of pipi is rapid
during the first 15 months of life. The size at which 50% of pipi from the Coorong were
sexually mature is 36 mm, which occurred at approximately 13 months of age (King 1976,
1985).
The pipi fishery developed from primarily supplying the bait market to increasingly targeting
live product for the human consumption market. This resulted in a shift to targeting larger
pipi for the human consumption market and a demand for improved quality of product to
meet statutory requirements under the national Food Safety Standards (FSANZ).
The pipi fishery increased to a peak of 1,250 tonnes in 2002/03, with annual catches
remaining stable for five years before declining steeply. Catch per unit effort (CPUE)
declined from 1996/97. An individual transferable quota management system was introduced
for the 2007/2008 fishing season and constrained catch for the first time in the 2009/10
fishing season. Targeting of larger sized pipi for the human consumption market resulted in a
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degree of uncertainty around CPUE as an index of relative abundance. Consequently,
development of a new index of relative abundance using fishery-independent sampling
began in 2007/08 and has been applied since.
To meet demands for improved management decision making, techniques for assessment of
pipi stock status continue to be developed, including a method which aims to provide an
index of relative abundance of pre-recruits. It is intended that a new indicator based on an
index of relative abundance of pre-recruits will replace the current indicator that is based on
length-frequency distributions (presence/absence of pre-recruits). Data from fisheryindependent surveys will be reviewed after three years to develop an index of relative
abundance of pre-recruits and to determine whether it should be integrated into this harvest
strategy.
The economic component of this harvest strategy requires development over time which will
need some financial investment from industry. Ongoing review of economic performance of
the fishery will be required, especially in the early stages of its development.
PIRSA will manage this harvest strategy, in consultation with industry, in the absence of a
formal committee process. The development of a formal management committee for pipis
may be considered in the future.
8.2 Framework for annual decision-making process
This harvest strategy provides a structured framework for decision making that pursues the
ecologically sustainable development objectives of the Fisheries Management Act 2007.
This decision making framework involves three main steps and will be undertaken each year
prior to the start of the new fishing season. The primary aim of this harvest strategy is to
continue to rebuild pipi stocks and ensure that the pipi resource is harvested within
ecologically sustainable limits, in accordance with the objectives set out in the strategy.
Step 1 uses biological performance indicators to assess the current status of the pipi fishery.
Step 2 uses fishery economic performance indicators and market price estimates to analyse
economic returns over a range of sustainable TACC levels and includes an opportunity for
industry to provide structured and direct input on the impacts of external factors on expected
future prices over a range of TACCs.
It should be noted that use of economic returns in decision making is new and untested in
the pipi fishery and therefore will be subject to annual review for at least 3 years until use of
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economic measures is accepted as adding value to the management of the fishery and to
the industry.
Step 3 uses reference points and decision rules to guide the TACC setting process to ensure
the pipi resource is harvested within ecologically sustainable limits and also to maximise
economic returns from the fishery within those limits.
The decision rules used in this framework are based on results from fishery-independent
sampling; they state that a specific response will be triggered in terms of TACC adjustment
based on fishery performance. In addition, the rules utilise estimates of maximum economic
return to potentially further modify the TACC.
The resulting TACC that meets the decision rules will then be recommended to the Minister
(or delegate) for the upcoming season by PIRSA Fisheries and Aquaculture. The Minister (or
delegate) has responsibility for determining the value of a quota unit on an annual basis and
setting the TACC under the Fisheries Management (Lakes and Coorong Fishery)
Regulations 2009.
8.3 Objectives
The harvest strategy has the following objectives:
1. Maintain a target pipi relative biomass above 10 kg/4.5 m² and not less than 8 kg/4.5
m²;
2. Ensuring that the pipi relative biomass does not drop below 4 kg/4.5 m²;
3. Maximise Fishery Gross Margin as set out in section 8.6.1.

Note: the figure of 8 kg/4.5 m² has been chosen as it represents a conservative level of
relative biomass that would allow continued rebuilding. The figure of 4 kg/4.5 m² represents
a historically low level of biomass that may result in a risk of recruitment overfishing.

65

The harvest strategy aims to achieve these objectives via the following strategies:

1. Promote rebuilding of the stock to historically sustainable levels by setting an
appropriate annual TACC;
2. Sustainability of the pipi fishery;
a. Provide management decisions responsive to changes in relative abundance
of pipi (fishery-independent catch rates) and the presence/absence of prerecruits into the fishery,
3. Improved business certainty and viability;
b. Implement decision rules to provide greater certainty to the annual TACC
decision making process for all stakeholders,
c. TACC is only altered in years when fishery conditions have significantly
changed such as a substantial rise or fall in relative biomass (from fisheryindependent-surveys),
d. Facilitate structured industry input into the decision making process
4. Profitability;
e. TACC to be set at a level that maximises returns for the fishery within
biologically sustainable limits.
8.4 Biological performance indicators
To ensure that the pipi resource is harvested within ecologically sustainable limits,
performance of the fishery will be assessed annually. This assessment will be undertaken
using the primary biological indicator as the main factor to influence TACC decision making,
balanced against the values of the secondary indicator. The secondary indicator and
additional indicators can also be used to further assess sustainability of the pipi resource at
current levels of harvesting. The single primary indicator is relative biomass of adult pipi,
until such time as a method for collecting a quantitative measure of pre-recruit (undersize)
relative biomass has been developed. The aim is to have an additional indicator of relative
abundance of pre-recruits developed and implemented in three years time.
8.4.1 Primary biological performance indicator
The primary biological performance indicator for this fishery is fishery-independent relative
biomass of legal-sized pipi (kilograms per 4.5 m²), because it provides representative
estimates of pipi stock relative abundance, and therefore overall changes in stock size. The
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method for estimating fishery-independent relative biomass of legal-sized pipi is described in
Ward et al (2010). Fishery-independent relative biomass has been estimated for four years.
It is recognised as a reliable and well-understood measure of fishery performance.
Fishery-independent relative biomass is estimated by research fishing across the fishing
ground along Younghusband Peninsula (0-60 km south-east from the Murray Mouth).
Surveys are conducted at the start, middle, and end of each fishing season. Individual
transects are located at permanent sites located at 2 km intervals along the 60 km fishing
ground. i.e. 10 transects are located within each of three 20 km sections of beach. In each
survey: (i) efficiency of individual fishers is estimated to allow variability in fisher efficiency to
be measured/standardised (Day 1); (ii) variability in relative abundance within sites is
estimated (Day 2); and (iii) variability in relative abundance between days is estimated (Days
1 and 3). The final fishery-independent relative biomass for a given year is calculated by
combining relative biomass from each transect from (Days 1 and 3), from all of the pre, mid
and post season surveys. Spatial and temporal trends in fishery-independent relative
biomass are presented in the annual pre-season stock status presentation for pipi and will
also be included in fishery stock assessment reports for pipi. From 2012/13, it is intended to
produce estimates of fishery-independent relative abundance at quarterly intervals.
8.4.2 Secondary biological performance indicator
The secondary biological performance indicator is population size structure based on length
frequencies from fishery-independent surveys. During one day of each survey, length
frequency samples will be collected at 2 km intervals along Younghusband Peninsula (0-60
km south-east from Murray Mouth) using a fine mesh (10 mm) net. Data are aggregated into
three 20 km sections of beach. Size-frequency distributions provide: (i) information on legal
and sub-legal sized pipi; (ii) an indication of the presence/absence of pre-recruits to the
fishery, and (iii) assist with determining whether the fishery is being exploited at a
sustainable level. Trends in this indicator are summarised both spatially and temporally and
presented in the annual pre-season stock status of pipi as well as in fishery stock
assessment reports for pipi.
The purpose of the secondary performance indicator is to understand recruitment and
provide information into future overall stock size.
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8.4.3 Additional performance measures
Four additional biological performance measures will be used to assess the status of the
fishery:
1. Catch vs TACC;
2. CPUE (fishery dependent);
3. Pre-recruit relative abundance index (to be developed);
4. Seasonality and spatial abundance.
However, these additional performance measures do not trigger a specific response in this
harvest strategy and are not explicitly used in TACC decision-making for the fishery. Catch
and commercial CPUE provide the only long-term (27 years) data available for assessing the
performance of the fishery.

Commercial catch and CPUE as measures of relative

abundance are influenced by: (i) differences among fishers in reporting of effort, (ii) changes
in fisher practices due to targeting product for new markets i.e. human consumption, and (iii)
changes in fisher practices under quota management.
Methods to estimate fishery-independent relative biomass of pre-recruits are to be
developed and evaluated during the 2012/13 and subsequent pipi fishing seasons. A timeline of relative biomass of pre-recruits will provide a more robust biological performance
indicator than length frequency data alone and will allow comparisons between years.
8.5 Reference points for biological performance indicators
In this harvest strategy, reference points have been developed for the primary biological
performance indicator, which is fishery-independent relative biomass of legal size pipi.
These reference points provide a benchmark against which the performance of the fishery
can be assessed.
8.2.1 Primary biological performance indicator
A modified ‘traffic light’ method will be used to inform the current status of the fishery relative
to a target relative biomass reference range, where ‘blue’ is above the target range, ‘green’
is within the target range and ’red’ is below the target range (see Figure 1).
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Target reference point
The target reference point will be reached if the average annual fishery-independent relative
biomass of legal-sized pipi is greater than or equal to 10 kg/4.5 m². This will allow the fishery
to be exploited at historically sustainable levels.
Limit reference point
A lower limit reference point will be breached if the average annual fishery-independent
relative biomass of legal-sized pipi falls below 4 kg/4.5 m². At this level there is a significant
risk of spawning stock being insufficient to ensure sustainable levels of recruitment (i.e.
recruitment overfishing). Should relative biomass fall below this level, the fishery will be
closed.
In the event that closure of the fishery occurs, the Minister or their delegate will determine
when fishery performance is at a sufficient level for commercial fishing operations to
recommence and at what level an initial TACC will be set. Fishery-independent sampling will
be continued during fishery closure to determine when fishery-performance meets the
decision rules to reopen the fishery. By following the decision rules, a precautionary
approach to setting the TACC will be taken to ensure that fishery-independent relative
biomass does not fall back below the limit reference point of 4 kg/4.5 m².
However, this harvest strategy aims to avoid the average annual fishery-independent relative
biomass falling below 8 kg/4.5 m² as it represents a conservative level of biomass.
8.2.2 Secondary biological performance indicator
Until a method for determining the relative abundance of pre-recruits is developed
(approximately 2015) the presence/absence of pre-recruits will be used as a secondary
biological performance indicator. In this harvest strategy, the presence/absence of prerecruits will be used in TACC decision making where the primary indicator of relative
biomass of legal sized pipi lies in the bottom of the ‘green’ range using the traffic light
method.
If pre-recruits are present, i.e. they represent at least 30% of the overall length frequency, a
decision to increase to the top level of the ‘green’ range will be considered. If pre-recruits are
absent (i.e. less than 30%) a decision for the TACC to remain in the lower part of the ‘green’
range for the upcoming season will be considered.
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8.2.3 Economic performance indicators
The primary economic objective of the harvest strategy is to ensure that sustainable harvest
levels maximise Fishery Gross Margin (FGM) as a proxy for maximum economic yield (MEY)
from the pipi resource. Measuring MEY requires sophisticated modelling tools which are cost
prohibitive in this case.
FGM is considered to be an acceptable proxy given that large shifts in capital investment in
the fishery are not expected in the future and changes in harvest rates over different TACC
levels are expected to be marginal to the analysis.
To achieve this objective, the current and expected economic performance of the fishery will
be assessed.
Primary economic performance indicator
The key economic indicator for the pipi fishery is FGM, which is the total commercial catch
multiplied by the (actual or estimated) net market price averaged across all market
segments, less fishery and operator costs that vary with the TACC level.
The measure will be used to assess historical performance and estimate future performance
under alternative future TACC scenarios. The FGM assessment will be undertaken by an
independent economic research provider and reported on annually to be considered as part
of the TACC setting process.
The key variable business costs used to determine FGM include:
1. fuel, oil and grease for the boat and vehicles;
2. provisions;
3. crew payments;
4. fishing equipment, purchase and repairs;
5. repairs and maintenance (boats and vehicles).

8.2.4 Industry Input
Estimating future economic performance is imprecise and is unlikely to provide an exact
answer. Measuring FGM requires interpretation and sensitivity assessments due to the
influences of various external factors that cannot be predicted about the future.

While

estimates of volumes and costs can be made with greater certainty, future price is
particularly uncertain.
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The annual FGM assessment will be undertaken via an industry survey to provide factual
and credible evidence to support the impacts of external factors on expected future prices
over a range of TACCs in the estimation of FGM each year in the decision making process
(as part of Step 2 of Part 1.7 of this harvest strategy).
The external factors to be considered by the independent economic provider include, but are
not limited to:
1. Market failures;
2. fluctuations in the Australian dollar and other currencies;
3. imports;
4. aquaculture products;
5. new processing techniques;
6. impacts of marketing programs;
7. timing of harvest;
8. other factors impacting on price (logistics costs, fluctuations in supply of product from
other jurisdictions);
9. fluctuations in fuel prices;
10. high-grading.

8.6 Reference points for economic performance indicators
In this harvest strategy, absolute economic reference points and targets have not been
developed as it is neither sensible nor possible to specify the range of outcomes that the
fishery should or should not be operated in. This is because shifts in market prices, costs,
and TACCs over time mean that maximum FGM and potential FGM range are not static.
The critical economic consideration in setting the TACC, however, will involve determining a
catch level that will maximise the primary economic performance indicator (FGM).
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8.7 Primary economic performance indicator
This harvest strategy includes a ‘target’ reference measurement of maximising FGM. The
absolute target level will change every year as prices and variable costs inevitably change
with market conditions. This has implications for TACC setting, as maximising FGM over
time will require annual assessment against the biologically acceptable TACC. The use of
the FGM in the decision rules may result in TACCs different to those set on purely biological
grounds.
Given uncertainty about future prices, price sensitivity analysis will be undertaken by the
independent economic provider through the economic analysis around expected future FGM
estimates to inform the TACC setting process, in line with the decision rules.
To offer some buffer against instability associated with annual TACC changes driven by
changes in FGM, and also to allow for uncertainty around future price estimates, (assuming
no change in TACC is required for biological reasons), changes in TACC based on the FGM
indicator will only occur if the change in TACC is expected to increase FGM by more than
1.5%. This threshold is based on what quota holders consider worthwhile and may be
subject to change.
A model to measure FGM will be developed to incorporate relevant price, price elasticity of
demand, variable costs, and TACC information and will be refined with industry input. To
provide good data for the model, the annual FGM assessment will review a number of
considerations including variable costs estimates, split in market segment between human
consumption and bait, and the price-volume relationship (price sensitivity) as markets
change over time.
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8.8 Decision rules for setting TACC
The decision rules used in this harvest strategy have been designed to provide clear
guidance to the TACC setting process by defining how estimates of fishery-independent
relative biomass of legal-sized pipi, presence/absence of pre-recruits and maximising FGM
for pipi should be interpreted when adjusting the TACC. These rules are structured around:
(i) relative biomass; and (ii) FGM increments of 1.5% so as to avoid annual adjustments as a
result of minor fluctuations in (i) relative biomass and (ii) expected economic performance.
A diagrammatic representation of the rules utilised in the harvest strategy is shown in Figure
1.

Figure 1. Decision rules table
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Figure 1: Fishery-independent relative biomass of legal-sized pipi from previous season (x-axis)
determines the following season’s maximum total allowable commercial catch (TACC) (y-axis) for the
pipi fishery with incorporated economic information. The ‘green’ range indicates the target level of
TACC given the estimate of fishery-independent relative biomass. The ‘blue’ range indicates that the
TACC is below the target level, while the ‘red’ range indicates that the TACC is above the target level,
given the estimate of fishery-independent relative biomass. Note: the TACC figure on the y-axis
represents the maximum TACC that could be set in a given year.

73

Table 7-1. Decision rules for the harvest strategy for Lakes and Coorong Fishery for pipi.
Increase in TACC
TACC is raised when the following conditions are met in any given year:
By up to 50 t when the fishery-independent relative biomass (legal sized) has increased by
one level on the x-axis; or
By up to 100 t when the fishery-independent relative biomass (legal sized) has increased two
or more levels on the x-axis; or
By up to 50 t when the fishery-independent relative biomass (legal sized) is in the ‘blue’ range
and you have not increased on the x-axis; and
Fishery Gross Margin is expected to increase by at least 1.5% with an increase in TACC.
Or

By up to 50 t when the fishery-independent relative biomass (legal sized) is in the ‘green’
range (x-axis) and pre-recruits are present (greater than or equal to 30%); and
The new TACC will remain in the ‘green’ range; and
Fishery Gross Margin is expected to increase by at least 1.5% with an increase in TACC.

Note: the increases of 50 t or 100 t are considered biologically acceptable and will be recommended
unless the FGM suggests that the TACC should not increase the full increment.
No change to TACC
TACC remains unadjusted when the following conditions are met in any given year:
Fishery-independent-relative biomass (legal sized) is in the ‘blue’ or ‘green’ range; and
Fishery Gross Margin is not expected to increase by at least 1.5% from a higher TACC.
Or

Fishery-independent relative biomass (legal sized) is in the ‘green’ range and there is an
absence (less than 30%) of pre recruits;

Or

Where pre-recruits are present (pre-recruits comprise greater than or equal to 30% in length
frequency distribution), and the fishery-independent relative biomass (legal sized) is above the
target reference point of 10 kg/4.5m², but the fishery-independent relative biomass is in the
‘red’ range one level away (x-axis) from the green range.

Decrease in TACC
TACC is dropped to the corresponding ‘green’ range immediately below when the following conditions
are met in any given year:
Fishery-independent relative biomass (legal sized) is in the ‘red’ range and pre-recruits are not
present (less than 30%);
Or

Where pre-recruits are present (greater than or equal to 30%), but the fishery-independent
relative biomass is below the target reference point of 10 kg/4.5m²;

Or

Where pre-recruits are present (greater than or equal to 30%), but the fishery-independent
relative biomass is above the target reference point of 10 kg/4.5m², and relative biomass is
two or more levels away from the green range (x-axis);

Or

Fishery Gross Margin is expected to increase by at least 1.5% with a decrease in TACC.
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8.9 TACC decision making process and timelines
The decision making process will be undertaken each year prior to the start of the fishing
season as follows: by PIRSA and includes the following steps:
1. Industry will be provided with the opportunity to receive a verbal presentation of stock
status report with fishery-independent relative biomass (legal size) and pre-recruit
data from the research provider and a report of maximum FGM estimates by 1 May
each year. PIRSA will then convene an annual meeting of the Lakes and Coorong
Fishery working group to consider the information on the biological and economic
performance indicators and feedback from industry. The usefulness of FGM in TACC
decision making will also be assessed at this meeting for the first three years;
2. PIRSA will provide recommendations to the Minister or their delegate in enough time
to allow industry to be notified of the TACC at least four weeks prior to the
commencement of the upcoming fishing season.
A comprehensive review of this harvest strategy will be undertaken after three years to:
1. Determine the appropriateness of performance indicators set out in the harvest
strategy, how they are measured and how they are used in fishery assessments,
including a review of the development of a method to measure fishery-independent
relative abundance of pre-recruits;
2. Review the appropriateness of the relationship between fishery-independent relative
biomass of legal-sized pipi and TACC, and review recommended TACCs;
3. Review the appropriateness of all reference points.
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