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EXECUTIVE SUMMARY
1. This report describes the patterns of relative biomass and population structure of pipi (cockle,
Donax deltoides) on the Younghusband Peninsula and assesses the potential for using
fishery-independent surveys to monitor stock status. The study was initiated following an
agreement in 2007 among fishers, resource managers and scientists that commercial catchper-unit-effort (CPUE) data did not provide a sound basis for monitoring stock status and that
the potential for using a fishery-independent methods warranted investigation.
2. Fishery-independent surveys were undertaken collaboratively by scientists and fishers using
both commercial fishing gear and scientific sampling methods.
3. Surveys were undertaken before (or near the start), during and after (or near the end) of the
2007-08, 2008-09 and 2009-10 fishing seasons to quantify the spatial and temporal patterns
of relative abundance and length frequency of pipis along the Younghusband Peninsula.
4. Sampling was undertaken using commercial fishing gear at broad (30 sites separated by 2
km) and fine (nine sites with three replicate samples separated by 50 m) spatial scales.
Scientific sampling methods were used at each site to obtain length-frequency data.
5. Relative biomass decreased throughout 2007-08, did not change during 2008-09 and
increased in 2009-10. Relative biomass in Section C (south-east) was lower than in Sections
A and B during 2007-08 and 2008-09, but did not differ among sections in 2009-10.
6. The proportion of sub-legal sized pipis decreased during the season in 2007-08, increased
over the course of 2008-09 and declined again during 2009-10.
7. Results suggest that the relative biomass of adult pipis increased in 2009-10, reflecting the
entry of a large number of juveniles into the population in late 2008-09 and the recruitment of
this cohort into the harvestable biomass in 2009-10. This finding suggests that catch
reductions implemented in 2008-09 and 2009-10 achieved the objective of allowing the
harvestable biomass to begin rebuilding.
8. Fishery-independent surveys provide insights into changes in relative biomass and
population structure that cannot be obtained from commercial CPUE. It would be beneficial to
improve the quality of fishery catch and effort data. There is potential for using surveys to
monitor the future status of pipis on the Younghusband Peninsula. Future surveys should
provide quantitative estimates of the relative abundance of sub-legal sized pipis.
7

1.0 INTRODUCTION
1.1 Stock assessment and management of fisheries resources
Optimizing management arrangements for commercial fisheries requires high quality scientific
information (Chen et al. 2003; Scheirer et al. 2004) and robust stock assessment (Hilborn and
Walters 1992; Rice 1999). Management systems developed from poor data are typically suboptimal and can unnecessarily restrict catches due to the need for a precautionary approach or,
perhaps more commonly, lead to declines in stock abundance through over-exploitation (Smith
1993; Hartill et al. 2005; Beddington et al. 2007). Optimizing management arrangements is
particularly difficult in low value and developing fisheries, where information available on stock
abundance and population dynamics is often limited to fishery catch and effort data of unknown
quality.
Numerous studies have elucidated the difficulties of developing optimal harvest strategies from
fishery-dependent data alone (e.g. Maunder et al. 2006). The use of commercial catch-per-uniteffort (CPUE) as an index of stock abundance has been shown to be problematic (Harley et al.
2001). Fishery CPUE is not a reliable measure of relative abundance for species that form
dense aggregations, such as many pelagic fishes and benthic invertebrates, because catch
rates can remain high despite large decreases in total abundance, a phenomenon known as
“hyperstability in CPUE” (Harley et al. 2001; Maunder et al. 2006). Another reason that
commercial CPUE is often an unreliable measure of stock status is that factors other than
population size, e.g. fishing practices and oceanographic conditions, can also affect CPUE and
reduce its effectiveness as an of index relative abundance.
Fishery-independent estimates of absolute abundance provide the most useful information for
managing fisheries resources because these can be used to both set catch limits and assess
their ongoing sustainability (Haggan 2001; Mangel et al. 1996; Haddon et al. 2006a; McGarvey
et al. 2008; Mayfield et al. 2008, 2010). Fishery-independent estimates of relative abundance
are also useful for monitoring stock status and setting catch limits when there are long time
series of catch data and relative abundance measures. A good example of the use of fisheryindependent estimates of relative abundance is in the Spencer Gulf Prawn Fishery, where
structured pre-fishing surveys undertaken by commercial fishers in conjunction with
independent scientists are used to establish harvest strategies and underpin stock assessments
(Gillett 2008, Zacharin et al. 2008). There are at least two benefits in engaging fishers to

8

undertake/participate in scientific surveys: 1) catches can be sold to offset survey costs, and 2)
industry ownership of results is enhanced (Haddon et al. 2006a; Mayfield et al. 2008, 2010).

1.2 Surf clam fisheries
There are numerous examples of fisheries for benthic invertebrates that have collapsed due to
over-exploitation (e.g. Ducrotoy et al. 1985; Baker 1995; Prince 2004; Haddon et al. 2006b).
Benthic molluscs are particularly susceptible to over-fishing because they commonly form dense
aggregations that can be harvested relatively easily and at low cost (Caddy 1975; Meyer et al.
1981; Humble and de la Mare 2004; Defeo 1996; James and Fairweather 1996; Castilla and
Defeo 2001; Morgan and Shepherd 2006). In many species, recruitment is also highly variable
which complicates both assessment of their potential productivity and the establishment of
harvest strategies to ensure sustainability (Sakurai et al. 1998; Murray-Jones and Steffe 2000).
At least one species of large clam belonging to one of four bivalve families (Veneridae,
Solenidae, Donacidae or Mesodermatidae) is extensively harvested from exposed surf beaches
on all continents, except Antarctica (McLachlan et al. 1996). Donacids inhabit exposed intertidal
sandy beaches and are commonly an important component of the fauna of these highly
dynamic environments, especially in terms of biomass (McLachlan et al. 1996). Donacids
support important recreational and commercial fisheries in Europe, Asia, Australia and the
Americas (McLachlan et al. 1996), with large species in temperate environments most
commonly targeted. Six donacids are found in Australian waters. The pipi or Goolwa cockle
(Donax deltoides) is the largest Australian species and supports the most significant fisheries
(King 1976).
Pipis occur along the southern coast of Australia from Eyre Peninsula to Kingston in South
Australia and along the east coast from Tasmania to Fraser Island in southern Queensland
(King 1985; McLachlan et al. 1996). The population on the ocean beaches adjacent to South
Australia’s Coorong Lagoons appears to be largest in Australia (King 1976). Juveniles tend to
be located in the intertidal zone, whereas most adults occur in the low tide swash zone, with few
individuals occurring seaward of the surf zone (Dakin and Bennett 1987; King 1985; Saenger
and Keyte 1990). Pipis tend to occur at depths of 10-15 cm within the sand (Anon. 1985).
Several studies have shown that in NSW and Queensland this species can make large
movements over short periods, with juveniles more likely to move than adults (Ansell 1983;
Ellers 1995; McLachlan et al. 1996; Murray-Jones 1999).
9

The only available estimate of size of maturity for pipi in South Australia is from a study done on
Goolwa Beach (King 1976). That study suggested that developed gonads were present in
individuals greater than 29 mm shell width. Most pipis greater than 36 mm shell width were
sexually mature which corresponded to an age of ~13 months (King 1976). The only other
estimate of size at maturity of female pipi was ~37 mm for a population from New South Wales
(Murray-Jones 1999). Spawning may be triggered by one or a combination of environmental
factors, such as temperature, changes in water currents and presence of sperm in the water
(Murray-Jones 1999). After spawning, fertilised eggs develop into planktonic larvae which may
last 3-8 weeks (King 1976, 1985; Saenger and Keyte 1990; Murray-Jones 1999).
Large natural fluctuations in abundance are a feature of donacid populations worldwide and are
a characteristic of pipi in both New South Wales and South Australia (Coe 1955; King 1976;
McLachlan et al. 1996; Murray-Jones 1999).

A 23-month study at Goolwa Beach, South

Australia suggested that recruitment peaked in January, with some settlement occurring during
April to September (King 1976). Fluctuations in abundance may be driven by variations in wind
patterns, or associated oceanographic conditions, during the larval phase. King (1985)
suggested that the prevailing currents during the peak spawning season (SeptemberNovember) on the Coorong beaches flow in a north-westerly direction and that a pool of pipis on
the south-eastern Younghusband Peninsula may contribute to recruitment further north.
However, a recent study showed that pipi densities on the south-eastern Younghusband
Peninsula are lower than in the main fishing area on the northern end of the beach (Gorman et
al. 2010).

1.3 South Australian Pipi Fishery
The main commercial fishery for pipi in South Australia is located on the ocean beach of the
Younghusband Peninsula, adjacent to the Coorong (Figure 1, 2). Small quantities are also
harvested from other beaches on the Fleurieu Peninsula. Pipi fishing is permitted under several
types of license: Lakes and Coorong Fishery (LCF), Marine Scalefish Fishery and Rock Lobster
Fishery. More than 99% of the catch is taken in the Lakes and Coorong Fishery.
Pipis are mainly harvested from the swash zone with a rake consisting of a pole and frame with
a net attached. Fishers dislodge pipis using their feet and collect them with the rake as they are
moved by the swash. Historically pipis have been taken for bait. In recent years, a substantial
proportion of the harvest has been sold for human consumption. Pipis for human consumption
10

must be harvested from the Coorong Classified Area (Figure 1), where they are sampled
regularly and tested for microbes that are harmful to humans (Lee 2003; 2004).
The South Australian fisheries for pipi have historically been managed by input controls.
Regulations establishing a Total Allowable Commercial Catch (TACC) and Individual
Transferable Quotas (ITQs) were established in December 2007. These regulations were
disallowed by the Legislative Council in June 2008, but catches continued to be limited by
License Conditions. Regulations re-establishing a TACC and ITQs were gazetted in October
2009. The TACCs for 2007-08, 2008-09 and 2009-10 were 1,150, 600 and 300 tonnes,
respectively (Figure 2).
Previous assessments of South Australian pipi have relied on solely fishery-dependent data.
The earliest report classified the fishery as fully exploited (Pierce and Doonan 1999). More
recent reports (Murray-Jones and Johnson 2003; Ferguson and Mayfield 2006) identified that (i)
annual catches and effort were steadily increasing, (ii) CPUE was declining, (iii) latent effort was
substantial and (iv) an ongoing monitoring program involving fishery-dependent sampling was
required.
The reduction in mean CPUE (measured in kg.day-1) since 1992-93, suggests that the fishable
biomass of pipi has declined (Figure 2). However, scientists have consistently acknowledged
that the interpretation of the CPUE estimates is complicated by problems associated with
quantification of effort. For example, the number of individuals fishing each day under each
license is not always clearly specified, and appears to vary within and among licenses and over
time. Some fishers have also argued that the decline in CPUE reflects changes in fishing
practices associated with the development of markets for human consumption.
There is limited information on the age/size structure of pipis on the Coorong beaches. Sizefrequency distributions are available for three time periods: 1973-74 (King 1985); 1992 (Jones,
unpublished data cited in Murray-Jones and Johnson 2003); and 2000-2001 (Pierce and Hand,
unpublished data cited in Murray-Jones and Johnson 2003). Whilst these data were collected at
several points in time they may not be representative of the commercial catch. Regular
collection of length-frequency samples from throughout the fishing area, during and outside the
fishing season, are needed to understand temporal and spatial changes in population structure.
In early 2007 fishers, resource managers and scientists agreed that there was a need to
investigate fishery-independent methods for monitoring the status of pipi on the Coorong
11

beaches. Although a method for assessing the distribution and abundance of pipis has been
developed previously (e.g. James and Fairweather 1995), this technique was not appropriate for
stock assessment at the spatial scale of the LCF. It was agreed that surveys should be
undertaken collaboratively by scientists and fishers and that, where possible, catches would be
used to offset the costs of the study.

1.4 Aims and objectives
This study assesses the potential for using fishery-independent surveys to monitor the stock
status of pipi (Donax deltoides) on the ocean beaches adjacent to the Coorong lagoons.
Surveys were undertaken collaboratively by fishers and scientists and involved structured
commercial fishing to examine the relative abundance of pipis above the Minimum Legal Size
(MLS) and scientific sampling to monitor the size structure of the population. This report has two
aims: i) to investigate the temporal (within season and among years) and spatial (alongshore)
patterns in the relative biomass and length frequency of pipis on the Younghusband Peninsula;
and ii) to compare trends in the relative biomass of pipis above the MLS with the temporal
patterns in commercial CPUE. Results are used to assess the effectiveness of fisheryindependent surveys for monitoring the status of pipis on the Younghusband Peninsula.
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Figure 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.
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Figure 2. Inter-annual trends in catch and effort for pipi showing: a) total catch and b) LCF catch
and effort, and (c) LCF CPUE. Estimate of recreational catch for 2000-01 and 2007-08 (<5 t).
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2.0 METHODS
2.1 Study region
The coastline of Younghusband Peninsula is a high-energy system where wind, wave, and tidal
processes are strong. In spring and summer, winds are predominately from the south-east and
cause northward alongshore movement of sand. During this period sand is also carried
shoreward and summer beaches can be up to 30 m wide. During winter, south-west to northwest winds shift the direction of beach migration, moving beach sand offshore into a series of
sandbars running parallel to the beachfront (Edyvane and Carvalho 1995).

2.2 Sampling program
2.2.1 Survey design
During 2007-08, 2008-09 and 2009-10, fishery-independent surveys were conducted along 60
km of beach extending from the mouth of the Murray River to a line adjacent to Parnka Point
(Figure 1). The survey area was divided into the three 20 km sections (A, B and C) each with 20
fixed sampling sites separated by 1 km (Figure 1). Surveys were conducted before (or near the
start), during and after (or near the end) of each commercial fishing season.
2.2.2 Relative biomass
Fishery-independent surveys targeting pipis above the MLS 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 using a commercial ‘rake’ (mesh size 44 mm).
The weight of each sample was measured to the nearest 100 g 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 among fishers were detected, 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 relative abundance. On each occasion (day), a sample
(quadrat) was taken at each of 30 sites (10 sites located 2 km apart in each section).
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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).
2.2.3 Length frequency
Size frequency samples were collected on the first day of each survey. The scientific observer
collected approximately 100 pipis using a fine-mesh research net (10 mm stretched mesh) from
an area adjacent to the relative abundance quadrats. 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 calipers.

2.3 Data analysis
2.3.1 Relative biomass
Differences in relative biomass (mean weight) among years, within season (before/start, during
and end/after fishing), between days (first and third days of each survey) and within sections (A,
B and C) were compared using analysis of variance (ANOVA). Homogeneity of variance was
evaluated with Levene’s test, and heterogeneous data were square-root transformed. Where
transformation had no influence on the significance of Levene’s test, alpha was adjusted to 0.01
to reduce the probability of Type I error. Where significant differences were detected, SNK
post-hoc tests were used to determine where those differences occurred.
2.3.2 Broad-scale vs fine scale sampling
Relative biomass in the ten broad-scale samples taken on the first day (i.e. 10 sites separated
by 2 km) were compared to those for the nine fine-scale samples (i.e. three × three sites
separated by 50 m) taken on the second day, for each section within each season and year
using t-tests. F-ratio tests were used to compare variances between the two sampling regimes.
2.3.3 Length-frequency
Length-frequency distributions for each section (A, B and C) in each year, and for each year (all
sections combined) before and after each fishing season were compared using non-parametric
Kruskal-Wallis tests.
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3.0 RESULTS
3.1 Standardization of sampling efficiency
The relative biomass of pipis in samples taken by individual fishers during the pre-survey
standardizations were not significantly different, except during the survey in April 2007-08 when
one fisher was less efficient than the other two (Figure 3). For this survey, the estimate of
relative biomass for the least efficient fisher was standardized by applying a correction factor
(mean relative biomass of the two equivalent fishers divided by the relative biomass for the less
efficient fisher). The corrected estimate of mean relative biomass was not significantly different
from those of the other two fishers (ANOVA: P = 0.713).

3.2 Fishery-independent estimates of relative biomass
3.2.1 Temporal patterns
The estimates of relative biomass were not significantly different between days within each
survey and data were pooled for subsequent analyses (ANOVAs: P > 0.05). Estimates of
relative biomass varied with timing of the survey (before/start, during and end/after of the fishing
season) and fishing year (Figure 4, 6; two-way ANOVA: P < 0.001). The significant interaction
between fishing year and survey timing necessitated separate comparisons for each fishing
year. Relative biomass decreased throughout the fishing season of 2007-08 (ANOVA: F2,150 =
51.11, P < 0.001), did not change during 2008-09 (ANOVA: F1,118 = 0.76, P = 0.385) and
increased in 2009-10 (ANOVA: F2,177 = 57.47, P < 0.001).
3.2.2 Spatial patterns
Estimates of relative biomass varied among sections and fishing season year (Figure 4, 5; twoway ANOVA: P < 0.001). The significant interaction between these factors necessitated
separate spatial comparisons for each fishing year. During 2007-08, relative biomass was
significantly greater in Section A than in Section B, which was in turn greater than in Section C
(ANOVA: F

2,150

= 25.71, P < 0.001; SNK-tests: A > B > C). During 2008-09, relative biomass in

Section A and B were similar and higher than in Section C (ANOVA: F
SNK-tests: A = B > C).

2,116

= 14.10, P < 0.001;

Relative biomass during 2009-10 did not differ among sections

(ANOVA: F 2,177 = 2.33, P = 0.1).
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3.2.3 Broad-scale vs. fine-scale sampling
There were no differences between estimates of relative biomass for the broad scale transects
(i.e. 10 sites per section, 2 km apart, taken on the first day of sampling) and the fine scale
transects (i.e. three × three sites separated by 50 m, taken on the second day of sampling) for
any section within any season or year (t-test, P > 0.05 for all comparisons). Significantly
different variances between broad and fine-scale samples were detected for only one of the 18
comparisons. This was in Section A at the end of the 2009-10 fishing season when the variance
was higher in the broad than the fine-scale samples (F-ratio test, P < 0.05).

3.3 Length-frequency distributions
The majority of length-frequency distributions were bimodal with peaks in both legal and sublegal individuals (Figures 7-9). The length-frequency distribution differed among sections and
with the timing of the survey (Kruskal-Wallis test, P < 0.05). The proportion of sub-legal sized
pipis declined during the season in 2007-08, increased in 2008-09 before declining again in
2009-10 (Figure 10). Median size increased throughout the season in all sections during 200708, but was higher before the 2008-09 season than at the end. In 2009-10, the median size
again increased during the season.

3.4 Comparison between CPUE and fishery-independent relative biomass
CPUE decreased as the season progressed during each fishing year (Figure 11). This trend
was matched by the reductions in relative biomass during 2007-08. However, relative biomass
before the 2008-09 season was similar to the estimate for the end of the season. Relative
biomass increased throughout the season in 2009-10 (Figure 11). The large increase in relative
biomass observed at the end of 2009-10 was not matched by an increase in CPUE during this
period.
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Figure 3. Estimates of mean relative biomass (kg/sample) for each fisher used to determine
whether standardization was required. (Error bars = + SE).
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Figure 4. Mean relative biomass (kg/sample) of pipi on the Younghusband Peninsular in each
section throughout the study period. (Error bars = + SE). No survey was conducted during the
2008-09 season.
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Figure 5. Relative biomass of pipi on Younghusband Peninsula for survey Sections A, B and C.
(Error bars = + SE).
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Figure 6. Relative biomass of pipi on Younghusband Peninsula, from before/early, during and
late/after season surveys. (Error bars = + SE). No survey was conducted during the 2008-09
season.
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Figure 7. Length-frequency distributions for Donax deltoides during 2007-08. (Dashed vertical lines are legal minimum length).
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Figure 8. Length-frequency distributions for Donax deltoides during 2008-09. (Dashed vertical lines are legal minimum length).
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Figure 9. Length-frequency distributions for Donax deltoides during 2009-10. (Dashed vertical lines are legal minimum length)..
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4.0 DISCUSSION
4.1 Spatial and temporal trends in relative abundance and population structure
Fishery-independent estimates of the relative biomass and length frequency of pipi on the
Younghusband Peninsula differed among fishing seasons and beach sections and also varied
among years. The trends observed were consistent with the hypothesis that harvestable
biomass was reduced by overfishing but has now begun to rebuild through the combined effects
of reductions in the total catch and the establishment of strong cohort in late 2008-09.
The large decrease in the relative biomass of legal-sized pipi from beginning through to the end
of the 2007-08 season, when the TACC was 1150 t but only 600 t was taken, may reflect the
depletion of harvestable biomass by fishing during that period. The similarity of the estimates of
relative biomass of pipis before and at the end of the 2008-09 fishing season suggests that the
reduction in the catch to 470 t succeeded in preventing further stock decline, but was not
sufficient to allow stock recovery to begin. It should be noted that the TACC for 2008-09 was
600 t, but that this was not taken, mainly because several large quota holders voluntarily ceased
fishing during the last few months of the season. This action may have helped to prevent the
decline of the harvestable biomass during 2008-09. The increase in the fishery-independent
estimates of relative biomass throughout the season in 2009-10, when the TACC was reduced
to 300 t and the entire catch was taken, suggests that this management intervention, in
combination with strong recruitment, succeeded in facilitating the beginning of a rebuilding of
the harvestable biomass.
The length frequency distributions observed in the fishery-independent surveys provide some
insights into the process by which the harvestable biomass of pipi on the Younghusband
Peninsula began to rebuild in 2009-10. The bimodal length-frequency distribution of samples
from all sections and sampling periods in 2007-08 indicates that significant numbers of juveniles
entered the population during that year. The growth of a portion of this (apparent) cohort of sublegal sized pipis above the MLS in the middle (February) and towards the end (April) of 2007-08
indicates that there was some recruitment into the harvestable biomass, but that this was not
sufficiently large to prevent the observed decline in the relative biomass of legal-sized pipis.
Bimodal length-frequency distributions were again observed in 2008-09, but the proportion of
sub-legal sized pipis was relatively low in the survey conducted before the start of that season.
The higher proportion of sub-legal sized pipis in samples taken towards the end of the 2008-09
season may reflect the entry of juveniles into the population during the intevening period and/or
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the reduction in the abundance of legal sized pipis through fishing. The relatively high proportion
of sub-legal sized pipis in samples taken at the start of the 2009-10 season, and the subsequent
decline throughout that season, appears to reflect the 1) survival through winter of the cohort of
juveniles observed in 2008-09 and 2) its recruitment into the harvestable biomass during the
course of the 2009-10 season. This recruitment event appears to have supported the start of
rebuilding the harvestable biomass that was discernible in the fishery-independent estimates of
the relative abundance of legal-sized pipis in 2009-10.
The variations among years in the spatial patterns of the proportion of legal-sized pipis
observed in the fishery-independent surveys reflect the complex interplay of inter-annual
fluctuations in the spatial patterns of fishing effort, recruitment and alongshore movement. In
2007-08 and 2008-09, when the harvestable biomass declined, relative biomass in Sections A
and B was higher than in Section C. However, when the overall abundance increased in 200910, the relative biomass in Section C increased significantly. This finding suggests that the main
population of pipis on the Younghusband Peninsula may contract into Sections A and B during
periods of reduced total abundance.
4.2 Suitability of fishery-independent surveys for future stock assessment
Like many benthc invertebrates, pipis have highly contagious (patchy) distributions. Determining
the scale at which to sample such heterogeneously distributed organisms is a major challenge
(Underwood 1997). The similarity of the magnitude and variance of estimates of relative
abundance obtained from samples of pipis collected over broad (samples 2 km apart) and fine
(samples 50 m apart) spatial scales suggests that the sampling regime established in this study
is suitable for monitoring the relative abundance of pipis on the Younghusband Peninsula.
Differences in the timing of the fishery-independent surveys and commercial fishing precluded
statistical comparison of the trends in relative biomass and CPUE. However, from a qualitative
perspective, there were some clear differences in the trends in the two parameters. For
example, during 2007-08 both relative biomass and CPUE declined as the season progressed,
whereas during 2008-09 relative biomass was stable and CPUE declined and in 2009-10
relative biomass increased while CPUE declined.
The discrepancies in these two trends are likely to reflect, at least in part, variations in fishing
patterns among and within fishing seasons. Previous interpretations have suggested that
reduction in CPUE throughout the season may reflect the reduction in the harvestable biomass
by fishing pressure (e.g. Ferguson and Mayfield 2006). However, the decline in CPUE
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throughout 2009-10, when the fishery-independent surveys showed that there had been a large
increase in relative biomass, suggests that this interpretation warrants further consideration.
The large increase in overall relative biomass in April 2010 was partially driven by the increase
in Section C during this period. This increase could not be reflected in commercial CPUE
because most fishing effort occurs in Sections A and B. These findings show that CPUE is not a
reliable indicator of overall abundance of pipis on the Younghusband Peninsula.
4.3 Conclusions
The results of the fishery-independent surveys suggest that the relative abundance of adult pipis
increased significantly 2009-10 and that this improvement in stock status reflected the entry of a
large number of juveniles into the population in late 2008-09 and the subsequent recruitment of
this cohort into the fishable biomass in 2009-10. This finding suggests that the catch reductions
implemented in 2008-09 and 2009-10 (through both TACC reductions and voluntary catch
restrictions) have achieved the objective of allowing the harvest biomass to begin rebuilding.
This recovery was not readily discernible from the fishery-dependent information. In particular,
the large increase in relative biomass in April 2010 was not apparent in contemporaneous
CPUE data. This finding provides further evidence that factors other than stock abundance
affect commercial catch rates. The inference that this discrepancy between relative abundance
and CPUE reflects (at least in part) differences in the spatial distribution of commercial fishing
effort and the fishery-independent surveys emphasizes the potential benefits in recording catch
and effort data at finer spatial and temporal scales.
These findings confirm that fishery-independent surveys are a potentially suitable tool for
assessing the future status of pipis on the Younghusband Peninsula. However, some
refinements of the methodology are required. For example whilst the rakes deployed by
commercial fishers have proven to be suitable for measuring the relative biomass of adults,
provided that the sampling efficiency of individuals is measured and standardized, they do not
provide reliable estimates of the relative abundance of pipis below the MLS. There is a clear
need to develop a method for estimating the relative abundance of juveniles. Future fisheryindependent surveys of pipis on the Younghusband Peninsula should continue to be conducted
across (at least) the three sections monitored in the current study in order to provide information
on stock abundance outside the main fishing area. Surveys should also be conducted several
times each year (e.g. before, during and after the main fishing season) so that trends in
settlement and recruitment can also be monitored.
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