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EXECUTIVE SUMMARY

Berkenbusch, K.; Neubauer, P. (2018). Intertidal shellfish monitoring in the northern North Island
region, 2017-18.

New Zealand Fisheries Assessment Report 2018/28. 99 p.

New Zealand’s coastal marine communities include species that are targeted in recreational and custom-
ary fisheries, including shellfish collections of intertidal bivalves. Two of the main target species in these
fisheries in northern North Island are cockles (tuangi/tuaki, or littleneck clam, Austrovenus stuchburyi)
and pipi (Paphies australis). Both species support non-commercial fisheries across a range of coastal
environments, such as beaches, harbours and sheltered bays and estuaries.

Their populations are monitored by regular surveys commissioned by Fisheries New Zealand (and its
predecessors), which focus on different northern sites across the wider Auckland region, Northland,
Waikato, and Bay of Plenty. These surveys collect data on the population status of cockle and pipi
populations and allow temporal comparisons of population trends across the northern North Island region.

The present assessment presents the most recent data in the northern survey series, including the 2017-18
fishing year. The current survey included the following northern sites (in alphabetical order): Bowentown
Beach, Cockle Bay, Little Waihi Estuary, Marsden Bank, Mill Bay, Okoromai Bay, Pataua Estuary,
Raglan Harbour, Tairua Harbour, Umupuia Beach, Whangateau Harbour and Whitianga Harbour.

Cockle populations were present at 11 of the 2017-18 sites, excluding Marsden Bank. Their total popu-
lation sizes ranged from a low 7.78 million (CV: 25.18%) cockles at Mill Bay to the highest estimate of
852.27 million (CV: 9.28%) cockles at Whangateau Harbour. Other northern sites with comparatively
large cockle populations were Pataua Estuary with 406.39 million (CV: 11.78%) individuals and Raglan
Harbour with 109.16 million (CV: 7.11%) cockles.

Corresponding cockle densities were high at a number of sites, with a maximum density of 2008 (CV:
6.25%) cockles per m? at Bowentown Beach, followed by Raglan Harbour and Pataua Estuary, where
their densities were 1508 (CV: 7.11%) and 1467 (CV: 11.78%) cockles per m?, respectively. Except for
Mill Bay and Little Waihi Estuary, cockles also occurred at relatively high densities at other sites, ranging
between 263 (CV: 15.24%) cockles per m? at Okoromai Bay to an estimated density of 922 (CV: 9.62%)
cockles per m? at Tairua Harbour.

There was a general scarcity of large cockles (>30 mm shell length) in northern populations, and this
size class was only present at low densities at most sites; only Umupuia Beach and Cockle Bay had
population densities that exceeded 100 large individuals per m?. Large cockles were absent at Whitianga
Harbour, and varied in density between two and 44 large cockles per m? at the remaining sites.

Pipi were present at nine of the survey sites, where their estimated abundance varied from 0.48 million
(CV:32.31%) pipi at Bowentown Beach to 95.12 million (CV: 12.93%) pipi at Whitianga Harbour. Their
total population densities varied across sites from low estimates of seven (CV: 35.38%) pipi per m? at
Pataua Estuary to 1637 (CV: 12.93%) pipi per m? at Whitianga Harbour.

Few of the pipi populations included large individuals (>50 mm shell length), and their abundance and
density estimates were generally low where they were present. Abundance estimates for this size class
varied from 0.10 million (CV: 24.15%) large pipi at Raglan Harbour to 5.44 million (CV: 64.08%) in-
dividuals in this size class at Little Waihi Estuary. Their highest densities were at Little Waihi Estuary,
Whitianga and Tairua harbours, with estimates between 30 (CV: 64.08%) large pipi per m? and 54 (CV:
21.56%) large pipi per m? at these sites; it was one individual (or less) per m? at the remaining sites.

Although there was some variation in sediment properties across the northern sites, areas inhabited by
cockles were generally low in organic content and in the proportion of sediment fines (silt and clay;
<63 um grain size). Most sites were characterised by fine and medium sands (grain sizes >125 to
>250 um), but also contained some sediment in coarser fractions including gravel (>2000 um).
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1. INTRODUCTION

Coastal environments worldwide support a range of marine species that are increasingly being targeted in
non-commercial fisheries. In intertidal and shallow subtidal habitats, these target species include infaunal
bivalves, particularly species that are easily accessible and occur at high densities. Infaunal bivalves that
support important recreational and customary fisheries in New Zealand include cockles (tuangi/tuaki, or
littleneck clam, Austrovenus stuchburyi) and pipi (Paphies australis) (Hauraki Maori Trust Board 2003,
Hartill et al. 2005). Both species are widely distributed along New Zealand’s coastline, where they occur
in a variety of sedimentary environments. In suitable habitats, their populations form high-density beds,
with observed densities exceeding 1000 individuals per m? (Morton & Miller 1973, Hooker 1995).

Although cockles and pipi occur sympatrically across a diverse range of coastal environments, they
have distinctly different habitat preferences. Cockles are often widely distributed across intertidal sand-
and mudflats, encompassing a range of sediment types. In contrast, pipi are more restricted in their
distribution, which is often confined to coarse sands in the proximity of tidal channels or high-flow
areas, and may extend into shallow, subtidal waters. Factors influencing the distribution and abundance
of cockles and pipi include sediment characteristics, such as changes in the amount of sediment fines (silt
and clay, <63 pm grain size). Although cockles seem to have a higher tolerance than pipi, both species
are sensitive to increases in sediment fines.

Other factors that impact on cockle and pipi populations include exposure to pollutants, high levels
of nutrients, diseases, parasites and fishing (e.g., see review by Grant & Hay 2003). Both species have
featured in recent mass mortality events, including in northern New Zealand, where some of the observed
population declines were related to bacterial infections and parasites (Ministry for Primary Industries
2015).

In some areas, northern shellfish populations are also exposed to considerable fishing pressure, rais-
ing concerns about the sustainability of cockle and pipi populations. These concerns have prompted a
number of efforts to monitor northern bivalve populations, including a regular monitoring programme by
Fisheries New Zealand Fisheries (and its predecessors) and community-led initiatives. The latter include
surveys by community groups, schools, and local iwi on intertidal beaches in the Hauraki Gulf Marine
Park that are co-ordinated by the Hauraki Gulf Forum (e.g., Auckland Council 2013).

The surveys commissioned by Fisheries New Zealand and its predecessors started in 1992, and were
initially concentrated in the wider Auckland area. Since then, their geographical spread was extended
to two northern fisheries management areas (FMA 1 and FMA 9), with a consistent methodology since
1999-2000 and a focus on northern cockle and pipi populations (see information about the surveys in
Appendix A).

The main focus of the surveys is on particular bivalve beds that are considered to be targeted in non-
commercial fishing activities. This focus means that survey data do not necessarily reflect the entire
population of cockles and pipi that inhabit a site (Pawley & Ford 2007). Furthermore, as the distribution
of pipi frequently extends into shallow subtidal waters, the intertidal sampling of the monitoring surveys
may not capture this deeper component of some pipi populations.

Population data collected in the field sampling provides information of the abundance, density and size
structure of cockle and pipi populations. In addition to ascertaining the present-day status of these bivalve
populations, the survey series also allows comparisons of population trends over time. This information
supports the management of northern bivalve populations, including measures to ensure their sustainab-
ility. Management measures have included fishing restrictions, such as seasonal and permanent closures,
and reductions in bag limits at some sites.

In view of the importance of sediment variables, recent field surveys have also collected sediment
samples to assess the sediment organic content and grain size composition in cockle beds (see Berken-
busch & Neubauer 2016, 2017). The sediment data provide baseline information that allow investigations
into the predictability of cockle populations in relation to sediment variables at the survey sites (Neubauer
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etal. 2015).

This report presents the most recent survey in the northern monitoring programme. It focused on the
abundance and population structure of bivalves at selected northern North Island sites. The overall
objective of this study was “to determine the distribution, abundance and size frequency of selected
intertidal shellfish” (i.e., cockles and pipi) for the 2017—18 fishing year. Northern sites included in
the current survey were (in alphabetical order): Bowentown Beach, Cockle Bay, Little Waihi Estuary,
Marsden Bank, Mill Bay, Okoromai Bay, Pataua Estuary, Raglan Harbour, Tairua Harbour, Umupuia
Beach, Whangateau Harbour and Whitianga Harbour (Figure 1).
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Figure 1: Sites included in the northern North Island intertidal bivalve surveys in 2017-18.

2. METHODS

The present study followed a similar methodology used in previous bivalve assessments allowing tem-
poral comparisons across the northern survey series. Since 1996, the general sampling protocol of the
northern North Island bivalve surveys has been based on a combination of a systematic design and a
two-phase stratified random design (Pawley & Ford 2007).

The methods used in recent surveys are described in detail by Berkenbusch & Neubauer (2016, 2017).
They are included here for completeness, following their update to reflect the 2017—18 survey.

2.1 Survey methods

At each site, the intertidal areas sampled were identified based on existing information and input from
local communities and stakeholders. This preliminary exploration also included extensive reconnais-
sance of the sampling areas at each site, including on-site determination of population boundaries, defined
as fewer than 10 individuals per m? (see Pawley 2011). Establishing population boundaries included the
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acquisition of geographical information through the use of global positioning system (GPS). GPS units
were also used during sampling to determine the location of each sampling point.

Preliminary analyses of cockle density data from previous surveys (2013—14 to 2016—17) using GPS-
referenced samples indicated that the previous stratification at individual sites rarely delimited areas of
similar characteristics (e.g., homogenous densities) and, therefore, did not necessarily lead to reductions
in variance in the estimation of cockle population sizes and densities. For this reason, the high-resolution
spatial data (GPS-referenced samples) from previous surveys were used to re-define cockle strata based
on the spatial distribution and variability of previous samples (see Berkenbusch & Neubauer 2016).

The number of sampling points for each bivalve population was determined by the population size and
variability within each stratum, informed by data from previous surveys. For each stratum, a regular grid
was generated, with the size and shape of the grid cells reflecting the desired sampling density and the
orientation of the stratum. The intersection of the grid with the boundary of the stratum was taken. For
strata with odd shapes, the number of grid cells did not necessarily reflect the number of desired samples;
if there were more grid cells than sampling points, not all cells had sampling points allocated to them.
In this case, sampling points were allocated across all cells with a probability proportional to the area of
the cells.

The position of the point within a cell was randomly allocated. All sampling points were pre-calculated
for two phases before the sampling began. All phase-1 points were sampled, whereas sampling of phase-
2 points was only carried out when the coefficient of variation (CV) of the total abundance estimate after
first-phase sampling exceeded the target value of 20% for either cockle or pipi (i.e., at four sites in
2017-18). The number of required phase-2 samples was calculated using the method by Francis (1984).

Owing to the importance of sediment properties for infaunal bivalves, recent previous surveys included
a sediment sampling programme to determine the sediment organic content and grain size at each site
(see Berkenbusch et al. 2015, Berkenbusch & Neubauer 2015). The sediment sampling provided gen-
eral baseline information, but the small number of sediment samples and the non-random allocation of
sediment sampling points prevented formal analyses of sediment variables. For this reason, the sediment
sampling design was improved in 2015-16 to allow the analysis of spatial patterns in sediment variables,
and to assess gradients in cockle abundance in relation to sediment properties (Neubauer et al. 2015,
Berkenbusch & Neubauer 2016).

The sediment sampling was restricted to cockles, as pipi populations frequently extend into subtidal
waters deeper than 0.5 m, so that only parts of the population are sampled. Following the re-stratification
of sites, a total of 24 sediment sampling points was allocated at each site. The sediment sampling point
allocation was based on a subset of at least six sediment sampling points that was randomly allocated
within each cockle stratum, corresponding with a randomly-allocated cockle sampling point. Data from
the sediment sampling were used to provide baseline information of current sediment properties, and to
build a data set that allows spatial and temporal comparisons in future analyses.

2.2 Field sampling—bivalves

The field survey of the northern North Island sites was conducted in January and February 2018. Over
this time, bivalve populations at each site were sampled during periods of low tide (see sampling dates
for the present and previous surveys in Appendix A, Tables A-1, A-2).

Bivalves were sampled using the same sampling unit as in previous surveys, consisting of a pair of benthic
cores that were 15 cm diameter each; the combined cores sampled a surface area of 0.035 m?. The cores
were sampled to 15 cm sediment depth, and this sampling depth included the maximum burrowing depths
of cockles and pipi, which reside in the top 10 cm of the sediment (i.e., 1-3 cm for cockles, Hewitt &
Cummings 2013; and 8—10 cm for pipi; Morton & Miller 1973).

Sampling points within each stratum were located using GPS units. For pipi populations, the intertidal
sampling extended to 0.5 m water depth (at low tide) in channels that included pipi populations (following
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the sampling approach of previous surveys). At each sampling point, the cores were placed directly
adjacent to each other and pushed 15 cm into the sediment. The cores were excavated, and all sediment
from each core was sieved in the field on 5-mm mesh. All cockles and pipi retained on the sieve were
counted and measured (length of the maximum dimension, to the nearest millimetre), before returning
them to the benthos. The counts were conducted by using hand-held counters or by splitting the bivalves
retained within each sieve into groups of ten.

For strata with population densities exceeding 2000 individuals per m?, the recording of shell length
measurements involved subsampling (see Pawley 2011). The subsampling was only used when the num-
ber of individuals in both cores exceeded 70 (equating to 2000 individuals per m?) and there were at least
50 individuals in the first core. The subsampling consisted of recording shell length measurements for
all individuals in the first core, whereas bivalves in the second core were not measured. When there were
fewer than 50 individuals in the first core, all bivalves were measured in both cores.

2.3 Field sampling—sediment

The sediment sampling involved the collection of a subset of sediment cores (5 cm diameter, sampled to
10 cm depth) that were collected within existing cockle strata. Subsequent analyses included the grain
size distribution and organic content of the sediment samples.

The grain size analysis was based on wet sieving to ascertain the proportion of different size classes,
ranging from sediment fines (silt and clay, <63 pm grain size) to different sand fractions of very fine
to very coarse sands and gravel (i.e., 125 to 2000 um grain size) (Eleftheriou & Mclntyre 2005). Each
sample was homogenised before processing using a stack of sieves to determine the proportion in each
sediment grain size fractions (i.e., >63, >125, >250, >500, and >2000 pm). Each sediment fraction
retained on the sieves was subsequently dried to constant weight at 60°C before weighing it (accuracy
+ 0.0001 g).

The sediment organic content of each sample was determined by loss on ignition (4 hours at 500°C) after
drying the sample to constant weight at 60°C (Eleftheriou & MclIntyre 2005).

Descriptive sediment data from these analyses include the percentage organic content and proportions of
sediment in different grain size fractions for each sample (see detailed information in Appendix B).

2.4 Data analysis—bivalves

For each survey site and species combination, the data analysis focused on estimating abundance, popu-
lation density and the size (length) frequency distribution, both within and across strata. Results from the
present survey were compared with previous surveys using the Fisheries New Zealand beach database.
Comparisons with previous surveys from 1999-2000 onwards were made for estimates of abundance
and population density. Length-frequency distributions from the present survey were compared with the
two preceding surveys.

The data analysis followed the previous approach (e.g., Berkenbusch et al. 2015). Consistent with previ-
ous surveys, the two cores within each grid cell were considered a single sampling unit. Bivalve abund-
ance within the sampled strata at each site was estimated by extrapolating local density (individuals per
m?), calculated from the number of individuals per sampling unit, to the stratum size:

S
R 1 Ng k
- i 1
Yk =g Zl 0.035’ (1a)
K
N =>" A, (1b)
k=1
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where n j, is the number of individuals in sample s within stratum k, S}, is the total number of samples
processed in stratum &, and 4, is the estimated density of bivalves (individuals per m?) within the stratum.
The total number N of bivalves at each site is then the sum of total abundance within each stratum,
estimated by multiplying the density within each stratum by the stratum area Ay.

The variance aif of the total abundance was estimated as

where 05 is the variance of the estimated density per sample. The corresponding coefficient of variation

(CV, in %) is then

CV =

To estimate the length-frequency distributions at each site, measured individuals were allocated to millimetre-
length size classes. Within each size class [, the number n}"; of measured (superscript m) individuals
within each sample s was scaled up to the estimated total number at length within the sample (7 5) by
dividing by the proportion p7* of measured individuals within the sample, such that

The numbers at length over all strata were then calculated according to equations 1a and 1b for each
length class [. The same procedure was used to estimate the abundance of large-size individuals (defined
as >30 mm shell length for cockles, and >50 mm shell length for pipi) at each site, summing numbers
at length of individuals greater than the reference length r for each species:

max

7ﬁLer,s = Z Nl

In addition to large-sized bivalves, the population assessments also considered the proportion of recruits
within the bivalve populations at the sites surveyed. Recruits were defined as cockles that were <15 mm
and pipi that were <20 mm in shell length.

2.5 Sediment data

For each site, summaries of sediment data are provided, including organic content and grain size com-
position. Sediment organic content is presented as percentage of the total, in addition to percentages of
the individual sediment grain size fractions.
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3. RESULTS
3.1 Bowentown Beach

Bowentown Beach is in the northern part of Tauranga Harbour, in Bay of Plenty, with the sampling
area situated on the intertidal sandflat in the vicinity of the main channel. The present survey was the
fifth assessment of cockles and pipi at this site, with the preceding survey conducted in 2015-16 (see
Appendix A, Tables A-1, A-2). Field sampling at this site has been consistent across the same sampling
extent, including three different strata (Table 1). Across these strata, there was a total of 90 sampling
points in the 2017-18 survey.

Sediment samples at this site revealed a low organic content across the cockle strata, with a maximum of
3.2% (Figure 2, and see details in Appendix B, Table B-3). The proportion of sediment fines (<63 pm
grain size) was just over 9%, whereas fine and medium sands (>125 um and >250 pm grain size)
dominated the sediment grain size composition. There was some gravel (>2000 um grain size) in the
samples, with a maximum of 14.4% of sediment in this coarse fraction.

Cockles were abundant across the entire sampling extent at Bowentown Beach, with stratum C supporting
the highest number and density of this species (Figure 3, Table 1). The total population abundance in
2017-18 was estimated at 30.07 million (CV: 6.25%) cockles, with an estimated mean population density
of 2008 cockles per m? (Table 2). Both these estimates were the highest values in the survey series, and
signified a continued increase in the population over time.

Similarly, the abundance of large cockles (>30 mm shell length) showed an increase in 2017-18 to
an estimated 0.16 million (CV: 20.55%) individuals, after continuous decreases in this size class since
2001-02. Their density increased to 10 large cockles per m? in 2017—18 compared with 2 large indi-
viduals per m? in the previous survey in 2015-16. Nevertheless, large cockles only made up a small
proportion of the total population, with 0.52% of cockles in this size class in 201718 (Table 3). In com-
parison, recruits (<15 mm shell length) constituted about 20% of the total population in the three most
recent surveys, with 23.06% of these small-sized cockles in the current population. Overall, medium-
sized cockles determined the population size structure over this period, with mean and modal shell lengths
at about 19 mm and 20 mm, respectively (Figure 4).

The pipi population at Bowentown Beach was surveyed across the same sampling points as cockles,
although only relatively few pipi (149 individuals) were sampled (Figure 5, Table 4). Based on the survey
data, the total population estimate in 2017—18 was 0.48 million (CV: 32.31%) pipi, with a corresponding
mean density of 32 pipi per m? (Table 5). The uncertainty of these estimates was relatively high (i.e.,
the CV exceeded 20%), similar to the uncertainty in most of the previous surveys, which indicate a
fluctuating pipi population.

There were no large pipi (>50 mm shell length) within the population, and this size class has been
mostly absent throughout the survey series; it made up 0.53% of the total population in 2017-18 (but
this estimate was based on a single large individual, resulting in large uncertainty) (Table 6). In contrast,
there was a marked increase in the proportion of recruits (<20 mm shell length), from 11.40% of the
total population in the preceding survey in 2015-16 to 38.78% in the current study.

The increased contribution of recruits was reflected in the reduction in pipi sizes, with the current mean
shell length 0f 23.96 mm and a modal size of 15 mm (Table 6). The influx of recruits was also reflected in
the population size structure, which changed from a unimodal to a bimodal population, with the addition
of this cohort (Figure 6). There were few medium-sized pipi at this site.

The findings from the 2017-18 survey document the small population size of pipi at Bowentown Beach,
and confirm that changes in the abundance and density of this population are determined by recruitment
events.

Fisheries New Zealand Northern North Island shellfish 2017-18 ® 7



:03* Stratum
o A
S 37.456
= B
= C
0 km « 01km 4. 0.2km
|
175.972
Longitude (°E)
A B C
35 100
3.01
Substrate
) 75
& s Fines
= 2
o “G—J’ Very fine sand
=
& % 50 Fine sand
E 'E Medium sand
©
o © Coarse sand
25
e Gravel
0
1 4 7 1 4 7 14 7 1 4 7 1 4 7
Sample Sample

Figure 2: Sediment sample locations and characteristics at Bowentown Beach. Labels correspond to stratum
and sample number. Graphs show organic content (% dry weight) and cumulative grain size (%). Sediment
grain size fractions include fines (silt and clay; <63 pm), sands (very fine, >63 pm; fine, >125 pm; medium,
>250 pm; coarse, >500 pm), and gravel (>2000 pm) (see details in Table B-3).
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3.1.1 Cockles at Bowentown Beach
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Figure 3: Map of sample strata and individual sample locations for cockles at Bowentown Beach, with the
size of the circles proportional to the number of cockles (per 0.035 m?) found at each location. Samples with
zero counts are shown as small dots.

Table 1: Estimates of cockle abundance at Bowentown Beach, by stratum, for 2017-18. Presented are the
number of points and the number of cockles sampled, the mean total estimate, the mean density, and the

coefficient of variation (CV).

Stratum Sample Population estimate

Area (ha) Points Cockle Total (millions) Density (m=2) CV (%)

A 0.3 25 888 3.23 1015 15.06
B 0.2 25 1310 3.31 1497 8.13
C 1.0 40 3438 23.53 2 456 7.63

Table 2: Estimates of cockle abundance at Bowentown Beach for all sizes and large size (>30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

. . N
Year Extent (ha) Population estimate Population > 30 mm

Total (millions)  Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)

2001-02 1.6 4.75 301 5.42 1.41 89 7.61
2010-11 1.6 18.56 1175 9.18 0.08 5 33.18
2012-13 1.6 25.05 1586 5.59 0.07 4 42.60
2015-16 1.5 26.95 1799 5.17 0.03 2 34.77
2017-18 1.5 30.07 2008 6.25 0.16 10 20.55

Fisheries New Zealand Northern North Island shellfish 2017-18 ® 9



Table 3: Summary statistics of the length-frequency (LF) distribution of cockles at Bowentown Beach. LF
distributions (in mm) were estimated for all strata in each survey and subsequently summed to give the
distribution of total LFs. Recruits were defined by a shell length of <15 mm and large individuals by a shell

length of >30 mm.
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Figure 4: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys at
Bowentown Beach. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individu-

als, respectively.
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3.1.2 Pipi at Bowentown Beach
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Figure 5: Map of sample strata and individual sample locations for pipi at Bowentown Beach, with the size
of the circles proportional to the number of pipi (per 0.035 m?) found at each location. Samples with zero
counts are shown as small dots.

Table 4: Estimates of pipi abundance at Bowentown Beach, by stratum, for 2017-18. Presented are the num-
ber of points and the number of pipi sampled, the mean total estimate, the mean density, and the coefficient
of variation (CV).

Stratum Sample Population estimate

Area (ha) Points Pipi Total (millions) Density (m~2) CV (%)

A 0.3 25 55 0.20 63 74.46
B 0.2 25 84 0.21 96 14.26
C 1.0 40 10 0.07 7 46.96

Table 5: Estimates of pipi abundance at Bowentown Beach for all sizes and large size (>50 mm) pipi.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

. . N
Year  Extent (ha) Population estimate Population > 50 mm

Total (millions)  Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)

2001-02 1.6 0.01 <1 25.46 0.00 <1 0
2010-11 1.6 0.18 12 22.86 0.00 <1 >100
2012-13 1.6 0.34 21 82.82 0.00 0

2015-16 1.5 0.15 10 16.60 0.01 <1 72.82
2017-18 1.5 0.48 32 32.31 0.00 <1 >100
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Table 6: Summary statistics of the length-frequency (LF) distribution of pipi at Bowentown Beach. LF
distributions (in mm) were estimated for all strata in each survey and subsequently summed to give the
distribution of total LFs. Recruits were defined by a shell length of <20 mm and large individuals by a shell
length of >50 mm.

Year Mean Mode Range Recruits (%) Large size (%)

2012-13 29.59 27 11-48 6.74 0.00
2015-16 29.53 22 9-57 11.40 6.21
2017-18 23.96 15 12-50 38.78 0.53
2012-13 ~ 2015-16 - 2017-18
0.4 : : I : l
I 1 ]
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Figure 6: Weighted length-frequency (LF) distribution of pipi for the present and previous surveys at
Bowentown Beach. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large indi-
viduals, respectively.
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3.2 Cockle Bay

Cockle Bay is a small Auckland beach that is located in one of the eastern suburbs. Shellfish collections
at this beach have been restricted since 2008, with a seasonal closure over summer (from 1 October to
30 April) and a maximum daily bag limit of 50 cockles per gatherer per day at other times.

This site was included in the northern survey series in 2009-10, with five surveys preceding the cur-
rent assessment; the most recent previous survey was in 2015-16 (see Appendix A, Tables A-1, A-2).
Throughout the survey series, the sampling extent has remained consistent across the intertidal sandflat,
with the current assessment sampling a total of 60 points across two re-stratified strata (Figure 7, Table 7).
There were only two pipi sampled at this site, so that the current assessment only focused on the cockle
population at this site.

Sediment at this site had a low organic content (maximum of 1.7%), and the sediment grain size distri-
bution was largely determined by fine sand (grain size >125 pm) (Figure 7, and see details in Appendix
B, Table B-3). There was a varying proportion of fines (grain size <63 um) across samples, with a max-
imum of 35.6% of sediment in this grain size fraction. Similarly, the proportion of gravel (>2000 pum)
was relatively high in a number of samples, with most samples containing some gravel, and a maximum
of 32.8% of sediment in this coarse fraction.

The cockle population at Cockle Bay was distributed across most of the sampling extent, but predomin-
antly in stratum A (Figure 8, Table 7). The current population estimate for this site was a total of 43.37
million (CV: 11.62%) cockles in 2017-18, which occurred at a mean density of 275 individuals per m?
(Table 8). The current estimates signified two-fold increases from preceding abundance and density
estimates in 2015-16, following earlier declines from relatively high estimates in 2010-11.

Included in the 2017—-18 population was a relatively high number of large cockles (>30 mm shell length),
with an estimated 17.48 million (CV: 13.87%) individuals in this size class. Their mean density was
111 large cockles per m?. Although these estimates reflect a small increase, this size class contributed
markedly fewer individuals to the current population than previously, with 40.30% of large cockles in
2017-18, compared with 71.65% in 2015-16.

At the same time, the proportion of recruits (<15 mm shell length) increased from 5.66% of all cockles in
2015-16 to 13.25% of recruits in the current assessment. Their influence on the 2017-18 population was
evident in observed decreases in cockle sizes to mean and modal shell lengths of 25.85 mm and 20 mm,
respectively (Table 9, Figure 9). In addition, the population size structure changed from a generally
unimodal to a bimodal population in 2017-18.

These findings indicate that the observed increase in cockle abundance at this site was mainly caused by
the influx of recruits and small-sized individuals.
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Figure 7: Sediment sample locations and characteristics at Cockle Bay. Labels correspond to stratum and
sample number. Graphs show organic content (% dry weight) and cumulative grain size (%). Sediment
grain size fractions include fines (silt and clay; <63 pm), sands (very fine, >63 pm; fine, >125 pm; medium,
>250 pm; coarse, >500 pm), and gravel (>2000 pm) (see details in Table B-3).
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3.21 Cockles at Cockle Bay

Latitude (°S)

Figure 8: Map of sample strata and individual sample locations for cockles at Cockle Bay, with the size of
the circles proportional to the number of cockles (per 0.035 m?) found at each location. Samples with zero

counts are shown as small dots.

Table 7: Estimates of cockle abundance at Cockle Bay, by stratum, for 2017-18. Presented are the number
of points and the number of cockles sampled, the mean total estimate, the mean density, and the coefficient

of variation (CV).

Table 8: Estimates of cockle abundance at Cockle Bay for all sizes and large size (=30 mm) cockles. Columns

Stratum

174.953
Longitude (°E)

Sample

Okm 04 km 0.2km
] )

[ A
| e

0
® 10
® 2
@® 3

.

Population estimate

Area (ha) Points

13.2 50
2.5 10

Cockle Total (millions)

544
31

41.12
2.25

Density (m=2) CV (%)

311 12.07
89 38.90

include the mean total estimate, mean density and coefficient of variation (CV).

Year

2009-10
2010-11
2012-13
2013-14
2015-16
2017-18

Extent (ha)

16.0
16.0
16.0
15.8
15.8
15.8

Population estimate

Population >

Stratum

Cockle

30 mm

Total (millions)

59.54
72.20
54.67
33.68
21.46
43.37

Density (m~?)

372
451
342
214
136
275

CV (%)

5.60
5.61
7.51
8.14
8.48
11.62

Total (millions)

6.27
21.29
36.46
21.02
15.37
17.48

Density (m~?2)

39
133
228
133

98
111

CV (%)

12.48
8.15
8.78
9.50

10.77

13.87
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Table 9: Summary statistics of the length-frequency (LF) distribution of cockles at Cockle Bay. LF distribu-
tions (in mm) were estimated for all strata in each survey and subsequently summed to give the distribution
of total LFs. Recruits were defined by a shell length of <15 mm and large individuals by a shell length of

>30 mm.
Year Mean Mode Range Recruits (%) Large size (%)
2013-14  29.99 34 645 6.09 62.41
2015-16 31.82 37 7-50 5.66 71.65
2017-18  25.85 20 748 13.25 40.30
2013-14 2015-16 _ 2017-18
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Figure 9: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys at
Cockle Bay. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,

respectively.
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3.3 Little Waihi Estuary

Little Waihi Estuary is in Bay of Plenty, east of Tauranga. This small estuary was included in ten previous
bivalve assessments, with a survey in 2015-16 preceding the present study (see Appendix A, Tables A-
1, A-2). Since 2009-10, the surveys have sampled a similar sampling extent, encompassing the entire
lower estuary (Figure 10, Table 10). This area was re-stratified for the current study, resulting in a total
of 138 sampling points across two strata, including 70 points for phase-2 sampling.

Sediment characteristics at Little 