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EXECUTIVE SUMMARY

Berkenbusch, K.; Neubauer, P. (2016). Intertidal shellfish monitoring in the northern North Island
region, 2015-16.

New Zealand Fisheries Assessment Report 2016/49. 108 p.

New Zealand’s coastal habitats support a number of bivalve species that are targeted in non-commerical
fisheries. In northern North Island, these bivalves include cockles (tuangi/tuaki, or littleneck clam, Aus-
trovenus stuchburyi) and pipi (Paphies australis), which are the main target species in intertidal recre-
ational and customary fisheries across different sheltered environments, such as beaches, estuaries and
harbours. These coastal populations are potentially vulnerable to human activities, including fishing,
and are regularly monitored in intertidal population surveys commissioned by the Ministry for Primary
Industries. These surveys assess the status of the cockle and pipi populations in areas targeted by non-
commercial fisheries at a number of sites in northern North Island, from the wider Auckland region to
Northland, Waikato, and Bay of Plenty.

The present study continues the series of bivalve population surveys in the northern North Island region
by presenting data from the 2015-16 fishing year. Sites surveyed in this study included (in alphabetical
order) Bowentown Beach, Cheltenham Beach, Cockle Bay, Little Waihi Estuary, Marokopa Estuary,
Ohiwa Harbour, Okoromai Bay, Pataua Estuary, Tairua Harbour, Umupuia Beach, Whangateau Harbour,
and Whitianga Harbour. Data collected at each site included information of the population size and
structure of cockles and pipi in areas targeted by fishing activities. The sampling in areas inhabited by
cockles also included the collection of sediment data to assess the relationship between the abundance
of cockles and sediment characteristics, including organic content and the proportions of sediment fines
and gravel.

Cockle populations were present at ten of the 2015—16 survey sites, whereas only few individuals were
present at the remaining two sites, Cheltenham Beach and Marokopa Estuary. Population estimates for
this species varied across sites, ranging from the smallest total population size documented at Ohiwa
Harbour of 23.01 million (CV: 14.33%) individuals to the highest population estimate of 742.44 mil-
lion (CV: 7.02%) cockles at Whangateau Harbour. Other sites with comparatively large cockle popula-
tions included Pataua Estuary and Umupuia Beach, which supported an estimated 380.13 million (CV:
7.58%) and 98.88 million (CV: 15.93%) cockles, respectively. Cockle population densities in 2015-16
varied between 136 cockles per m? (CV: 8.48%) at Cockle Bay and 1799 cockles per m? (CV: 5.17%)
at Bowentown Beach.

Large cockles (>30 mm shell length) are considered to be primarily targeted in fisheries, and individuals
in this size class were present at most sites. Five sites supported relatively high numbers of large individu-
als, including Pataua Estuary, Okoromai Bay, Cockle Bay, Umupuia Beach, and Whangateau Harbour,
with abundance estimates between 4.89 million (CV: 29.68%) large individuals (at Pataua Estuary) and
45.43 million (CV: 18.77%) large cockles (at Whangateau Harbour). Nevertheless, their corresponding
densities were only relatively high at two sites, with 128 large cockles per m? at Umupuia Beach, and
98 individuals per m? at Cockle Bay. At most sites, the large size class contributed few individuals to
the total population.

Eight of the survey sites in 2015—-16 contained pipi populations, with few or no pipi at Cheltenham Beach,
Cockle Bay, Okoromai Bay, and Umupuia Beach. At sites that included pipi beds, total population
estimates ranged from 0.15 million (CV: 16.6%) pipi at Bowentown Beach to the largest population size
of 83.84 million (CV: 16.62%) pipi at Little Waihi Estuary. Estimated pipi densities were highest at
Ohiwa Harbour with 1225 pipi per m? (CV: 12.1%), followed by 456 individuals per m? (CV: 16.62%)
at Little Waihi Estuary, 333 pipi per m? (CV: 11.26%) at Marokopa Estuary, and 327 pipi per m? (CV:
15.64%) at Tairua Habour. Density estimates were lower at the remaining sites, with the lowest estimated
density of 10 pipi per m? (CV: 16.6%) at Bowentown Beach.

Large pipi (>50 mm shell length) were present in most populations (except at Marokopa Estuary), al-
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though their numbers were relatively low at most sites. The highest abundance estimate for large pipi was
at Ohiwa Harbour with 3.70 million (CV: 18.37%) individuals, and their corresponding density at this
site was also relatively high with 110 large pipi per m?. The pipi populations at Little Waihi Estuary and
Whitianga Harbour also included a relatively high number of large individuals with 2.35 million (CV:
43.62%) and 1.91 million (CV: 22.66%) individuals in this size class, and population densities of 13 and
31 large pipi per m?, respectively. At the remaining sites, population estimates for large individuals were
considerably lower.

In addition to assessing cockle and pipi populations across northern North Island sites, the current data
collection also involved sediment variables, including sediment organic content, and the proportions
of fines (<63 um grain size) and gravel (>2000 pm grain size). These data were used to examine
the relationship between cockle abundance and sediment properties. Cockle abundance decreased with
increasing sediment organic content, proportion of fines and proportion of gravel at the stratum level,
but these relationships were tentative. It is expected that increased replication (as more data are collected
over time) will improve future assessments of the relationship between bivalve populations and sediment
characteristics.

1. INTRODUCTION

New Zealand’s coastal waters contain a number of bivalve species that are targeted in commercial and
non-commercial fisheries. The latter include recreational and customary collections of intertidal species
such as cockles (tuangi/tuaki, or littleneck clam, Austrovenus stuchburyi) and pipi (Paphies australis).
Both species occur in a range of sheltered soft-sediment environments throughout the country, including
high-density patches and extensive beds that may exceed 1000 individuals per square metre in localised
areas (Morton & Miller 1973, Hooker 1995).

Cockles are predominantly found in the intertidal zone, but extend to shallow subtidal waters at some
sites. In contrast, pipi show a preference for low intertidal and subtidal areas that are characterised by
clean, coarse sands and strong tidal currents; high-density pipi beds are generally found close to mean
low water and in subtidal sediments. Both cockles and pipi have been shown to be sensitive to changes
in the sediment regime and, for example, show discernible decreases in their abundances in response
to increases in sediment mud content (silt and clay, <63 pum grain size), i.e., by terrestrial-derived clay
(Anderson 2008).

In northern North Island, cockles and pipi are the main target species in recreational and customary
fisheries in a range of sheltered environments, such as beaches, estuaries and harbours (Hauraki Maori
Trust Board 2003, Hartill et al. 2005). At some sites, non-commercial fishing has been identified as one
of the factors causing population declines, although the exact causes for these declines remain largely
unknown (Grant & Hay 2003).

Northern North Island cockle and pipi populations are regularly monitored (usually annually) in surveys
commissioned by the Ministry for Primary Industries (MPI). These population surveys were initiated in
1992 for the wider Auckland metropolitan area, but were subsequently expanded to include the Auckland
Fisheries Management Area (FMA 1) (see information about the surveys in Appendix A).

At each site, the field surveys record information about the abundance and population structure (size-
frequency distribution) of cockle and pipi populations (most recently, Berkenbusch & Neubauer 2015).
These data include the proportion of large individuals, defined as >30 mm shell length for cockles and
>50 mm shell length for pipi. The data collection also includes the proportion of juveniles that are
considered to be recruits, defined by shell lengths <15 mm for cockles and <20 mm for pipi. As the
surveys are based on intertidal areas that have been identified as important for recreational and customary
fisheries, they usually do not provide population estimates of the entire cockle and pipi populations at
each site (Pawley & Ford 2007).

The present report documents the most recent survey in the series of (generally) annual MPI assessments
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of infaunal bivalve abundance and population structure at selected sites in the northern North Island
region. The overall objective of this project was “to determine the distribution, abundance and size
frequency of selected intertidal shellfish” for the 2015-16 fishing year.

The sites included in this survey were (in alphabetical order): Bowentown Beach, Cheltenham Beach,
Cockle Bay, Little Waihi Estuary, Marokopa Estuary, Ohiwa Harbour, Okoromai Bay, Pataua Estuary,
Tairua Harbour, Umupuia Beach, Whangateau Harbour, and Whitianga Harbour (see Figure 1).
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Figure 1: Sites included in the northern North Island intertidal bivalve surveys in 2015-16.

2. METHODS

To allow comparisons with previous surveys, the present study adopted the same general sampling pro-
tocol that has been used since 1996 in northern North Island bivalve surveys commissioned by MPI (e.g.,
Morrison & Browne 1999, Pawley 2011, 2012). Specifically, the sampling involved the combination of
a systematic design and a two-phase stratified random design, used in recent surveys (Pawley & Ford
2007), where the stratification accounted for spatial variation along and down the shore.

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
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 densities and sediment data from previous surveys (2013—14 and 2014-15)
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using GPS-referenced samples indicated that the previous stratification at individual sites rarely delim-
ited areas of similar characteristics (e.g., homogenous densities) and, therefore, did not necessarily lead
to reductions in variance in the estimation of bivalve population sizes and densities. For this reason, at
sites with GPS-referenced samples (Cockle Bay, Little Waihi Estuary, Okoromai Bay, Pataua Estuary,
Tairua Harbour, Umupuia Beach, Whangateau Harbour), these high-resolution spatial data from previous
surveys were used to re-define cockle strata based on the spatial distribution and variability of previous
samples (see Appendix B for details).

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 each phase, a fixed number of sampling points was then allocated over all cells, with a probability
proportional to the area of the cell over the maximum area of any of the cells in the grid. The position of
the point within the cell was randomly allocated. With this procedure, not all the cells that were clipped
by the boundary had sampling points allocated to them. The expected density of sampling points across
the stratum was uniform. 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 one site in 2015-16).

Owing to the importance of sediment properties for infaunal bivalves, the two preceding surveys includ-
ing a sediment sampling programme aimed at obtaining baseline information of sediment organic content
and grain size at each site (see, Berkenbusch et al. 2015, Berkenbusch & Neubauer 2015). This sediment
sampling provided general 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 the present study, to allow the analysis of spatial patterns
in sediment variables, and to assess gradients in bivalve abundance in relation to sediment properties.

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. The sediment sampling first
involved re-stratification of sites for which high-resolution (i.e., GPS-referenced) spatial information was
available. For the remaining sites, the stratification was based on spatial information at stratum level.
Within each cockle stratum, a subset of at least six sediment sampling points was randomly allocated,
each corresponding with a randomly-allocated cockle sampling point.

2.2 Field sampling—bivalves

The field component of this study was carried out in January and February 2016. At each site, the
intertidal sampling was conducted during periods of low tide (see sampling dates for the present and
previous surveys in Appendix A, Tables A-1, A-2).

The sampling unit consisted of a pair of benthic cores of 15 cm diameter each that (combined) sampled
a surface area of 0.035 m? (to 15 cm depth). The sampling depth encompassed the maximum burrowing
depths of the infaunal bivalves concerned, 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
the sampling approach of previous surveys). At each sampling point, the cores were pushed 15 cm into
the sediment directly adjacent to each other. 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.
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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
number 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 less 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 (see detailed information in Appendix C).

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 pum grain size) to different sand fractions of very fine
to very coarse sands and gravel (i.e., 125 to 2000 pm grain size) (Eleftheriou & Mclntyre 2005). Each
sample was homogenised before processing it on 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
=+ 0.00001 g).

The sediment organic content of each sample was determined by loss on ignition (4 hours at 550°C) after
drying the sample to constant weight at 60°C (Eleftheriou & Mclntyre 2005).

2.4 Data analysis-bivalves

For each survey site and species combination, the data analysis focused on estimating abundance, pop-
ulation density and the size (length) frequency distribution, both within and across strata. The data
analysis followed previous analyses as outlined in Berkenbusch et al. (2015). Results from the present
survey were compared with previous surveys using the MPI beach database. Comparisons with previ-
ous 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.

As in recent previous surveys, the two cores within each grid cell were considered as a single sampling
unit. Bivalve abundance 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
~ 1 Nk
- — : 1
S z:: 0.035’ (12)
K
N =" Ay, (1b)
k=1

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 g, 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.
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The variance 012([ of the total abundance was estimated as

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

(CV, in %) is then

CV =100 x 2,
N

To estimate the length-frequency distributions at each site, measured individuals were allocated to millimetre-
length size classes. Within each size class [, the number ny's of measured (superscript m) individuals
within each sample s was scaled up to the estimated total number at length within the sample (7, ;) 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 la 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(

1)
ﬁlZ’I',S = E Nl-

l=r

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 Data analysis—sediment

The initial analysis focused on correlations between sediment data (proportion of fines, proportion of
gravel, organic content) and cockle abundance using cockle samples of total and large (defined as >30 mm
shell length) cockles from locations where sediment samples were obtained. A negative-binomial (NB)
generalised linear mixed model (GLMM) was then used to link the sediment properties to numbers of
cockle (or large cockle) found at sites with sediment samples. This general model can be written as:

Yiab ™~ NB(Mi,a,ba V)a (2)
log(tiap) = a+ B % Siap+ Wb+ Caps 3)

where y; 4 15 the cockle count for sample ¢ in stratum a at beach (site) b, v is the negative-binomial
overdispersion parameter and fi; o 5 is the Poisson () mean. The mean is related to the linear predictor
via a log link function. The linear predictor includes a regression that relates the substrate variables at
the location, .S; , 1, to the number of cockles, with a vector of regression coefficients 3, with the site and
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stratum level variation accounted for by random effects at each of those levels (wy and (, 3, respectively).
The model was implemented in R (R Core Team 2015) using the glmer.nb function in the lme4 package
(Bates et al. 2015).

As relationships between the number of cockles and combined sediment properties seemed highly vari-
able among sites (see Section 4), the model was also run separately for each sediment variable, with a
random, site-specific slope for the regression relationship:

yi,a,b ~ NB(IU"L',G,,M V)v (4)
log(piap) = 4 Bsp * Siap+ wh + Cap, (5)

where 3, ;, is the regression coefficient for sediment variable s at site b. This model was also run separ-
ately for each sediment variable.

Cockle densities are often highly variable, and factors other than sediment characteristics can determine
cockle abundance at sampling locations. This influence of non-measured variables can lead to data with
unexplained variation at the sample scale. For this reason, it may be more appropriate to include all
samples at each site (i.e., not only samples taken at points with corresponding sediment samples) to
estimate cockle abundance in relation to sediment characteristics. By relating abundance and sediment
characteristics at a larger scale, it may be possible to smooth out some of the variability occurring at
smaller scales. To this end, a second set of models was used, in which correlations between sediment
data (proportion of fines, organic content) and cockle densities were analysed using measurement error
(also called "errors-in-variables”) models in a Bayesian analysis (Gelman et al. 2004).

For this analysis, cockle densities were related to each sediment variable within individual strata, using
random effects to account for density patterns at the site level. The measurement error analysis recognises
that both the density and the sediment data for each stratum are estimates with an associated estimation
error. The model was developed in a Bayesian setting using STAN and no-U-turn Markov Chain Monte
Carlo methods (Carpenter et al. 2015). The full model with all priors can be written hierarchically as:

Yiap ~ NB(tap, Vap),
Skyv,ab ~ Gamma(e, g b, €/ Av.ab)s
log(ptap) = a+ B * Aap + wo,
B ~ Normal(0, 1000),

Iog()‘v,a,b) =Y+ gv,b + Cv,a,ba
€v,a,bs Vab ~ Gamma(me, ,, Te, 1),
Te, v ~ Gamma(0.1,0.1),

Wh, §U,bv Cv,a,b ~ Normal(07 Tw,&v,Co )7
Tw t,.¢o ~ Half-cauchy(10).

In this model, the count y; , ; for sample 7 in stratum a at site b was assumed to be negative-binomial
distributed with stratum-specific mean 1, j, and overdispersion v, . This variance was estimated hier-
archically using a gamma distribution with a common, estimated, prior 7, that was used to define both
the scale and rate of the gamma distribution. It was further assumed that the log of the mean count 1, 3,
was related to the mean s, 4, of the sediment characteristic v examined (e.g., proportion of fines, organic
content) via a regression relationship with regression coefficients 3 (i.e., 3 is arow vector). Furthermore,
Aap 18 @ matrix of estimated sediment characteristics, where A, 4 5 is a column vector for sediment v of
this matrix. To account for site-level effects, the regression included random effects wy, for the site with
estimated variances 7,,. Both 5 and 7 were estimated using vaguely informative priors. Our model thus
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assumed that there are site-level differences in abundance due to unmeasured factors (e.g., fishing, re-
cruitment, or other environment variables), but that stratum differences should be explained by sediment
characteristics.

The mean A, ,; of sediment variable v was estimated from the K samples s;,,, 45 taken in stratum a
at site b. The variance for the sediment characteristic v, €, 5, Was estimated in the same way as for
the cockle samples, using a hierarchical prior 7, with 7 itself estimated from a vague gamma prior.
The mean )\, , 5 for each sediment variable v was estimated using an overall mean -, for the sediment
variable and site and stratum-within-site random effects (£, and (g, respectively).
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3. RESULTS
3.1 Bowentown Beach

Bowentown Beach is situated in Bay of Plenty, north of Tauranga Harbour, with the survey area located
on the intertidal sandflat within Shelly Bay. There have been three previous surveys at Bowentown
Beach, most recently in 2012—13 (see Appendix A, Tables A-1, A-2). The sampling extent in the current
study was consistent with these previous surveys, and included the same three separate strata (Table 1).
Across these three strata, bivalves were sampled in a total of 104 sampling points.

Sediment in the cockle strata was low in organic content with a maximum value of 2.6% (Figure 2,
and see details in Appendix C, Table C-4). The proportion of sediment fines (<63 um grain size) was
also small, and the dominant grain size was fine sand (>125 um grain size) followed by medium sand
(>250 pm grain size). The proportion of gravel (>2000 um grain size) was generally low, ranging from
none to 6.9% of sediment.

Cockles were distributed throughout all three strata, with their highest number and density in stratum C
(Figure 3, Table 1). The total population estimate for cockles at Bowentown Beach was 26.95 million
(CV: 5.17%) individuals in 2015-16 (Table 2). The corresponding mean population density was 1799
cockles per m?. The population contained only a small number of large cockles (>30 mm shell length),
with an estimated 0.03 million (CV: 34.77%) individuals at a mean density of 2 large individuals per m.
These estimates reflected a continued decline of large-size individuals, and this size class only contributed
0.12% to the total population in 2015-16 (Table 3). Even though the total population showed a marked
increase in abundance and density over time, there was a concomitant decrease in large cockles, and their

numbers remained low in recent surveys.

There was a also small decrease in the proportion of recruits (<15 mm shell length), with 19.83% of the
population in this size class in 2015—-16. The preponderance of medium-sized individuals was evident
in the length-frequency distributions that consistently documented a unimodal population, with similar
mean and modal shell lengths of less than 20 mm across surveys (Figure 4).

The pipi population at Bowentown Beach was surveyed across the same sampling points as cockles, and
most pipi were in stratum B, although few pipi (34 individuals) were sampled overall (Figure 5, Table 4).
The pipi population at this site was small, with an estimated 0.15 million (CV: 16.60%) pipi at a mean
density of 10 individuals per m? (Table 5). These current estimates for both population parameters were
less than half the values of the preceding estimates in 2012—13, although the latter included considerable
uncertainty (CV: 82.82%). The population in 2015-16 included a small number of large pipi (>50 mm
shell length), with an estimated 0.01 million (CV: 72.82%) individuals in this size class.

Compared with previous surveys, the estimates for large pipi showed an increase, and the proportion of
large individuals within the population was 6.21% in 2015-16 (Table 6). Similarly, the proportion of
recruits (<20 mm shell length) showed a slight increase in the current study, with 11.40% of recruits in
2015-16. Nevertheless, the mean pipi shell lengths remained unchanged at about 29 mm, with a decrease
in modal size to 22 mm shell length, and a generally unimodal population (Figure 6).

In summary, both cockle and pipi populations at Bowentown Beach contained few large individuals, and
this size class showed a marked decrease for the cockle population in 2015-16.
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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 C-4).
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3.2 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 2015-16. 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

A
B
C

0.3 21
0.2 14
1.0 69

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

764
601
5275

3.31
2.71
20.93

1039 22.40
1227 7.63
2184 5.54

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).

Year

2001-02
2010-11
2012-13
2015-16

Extent (ha)

1.6
1.6
1.6
1.5

Population estimate

Population > 30 mm

Total (millions)

4.75
18.56
25.05
26.95

Density (m~?)

301
1175
1586
1799

CV (%)

5.42
9.18
5.59
5.17

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

1.41 89 7.61
0.08 5 33.18
0.07 4 42.60
0.03 2 34.77

Ministry for Primary Industries
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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.

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

2010-11 17.04 20 433 35.72 0.44
2012-13  18.60 20 3-32 2391 0.27
2015-16 18.95 20 631 19.83 0.12

2012-13 2015-16

0.10-

0.05-

Proportion

0.00 -

10 20 30
Length (mm)

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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3.3 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 2015-16. 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

A
B
C

Area (ha) Points

0.3 21
0.2 14
1.0 69

Pipi  Total (millions)

4
24
6

0.02
0.11
0.02

Density (m~2) CV (%)

5 77.86
49 15.50
2 51.69

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).

Year

2001-02
2010-11
2012-13
2015-16

Extent (ha)

1.6
1.6
1.6
1.5

Population estimate

Population > 50 mm

Total (millions)

0.01
0.18
0.34
0.15

Density (m~?)

<1
12
21
10

CV (%)

25.46
22.86
82.82
16.60

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

0.00 <1 0
0.00 <1 >100
0.00 0

0.01 <1 72.82
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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 (%)

2010-11 24.78 25 13-55 23.97 1.16
2012-13  29.59 27 1148 6.74 0.00
2015-16 29.53 22 9-57 11.40 6.21
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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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3.4 Cheltenham Beach

Cheltenham Beach lies within a small bay in the Auckland metropolitan area, on the eastern side of
Devonport. This beach was included in early bivalve surveys before 1999-2000, with the most re-
cent previous assessment in 1998-99 (Morrison & Browne 1999). Sampling in 2015-16 involved a
single stratum across the sampling extent, with the latter including the entire intertidal area of the beach
(between two headlands), except for a small area at the northern end containing a rocky outcrop (Fig-
ure 8, Table 7). The current assessment was based on a total of 80 sampling points. There were no pipi
at this site in 2015-16.

The sediment at Cheltenham Beach was low in organic content, with values below 2.7% across all
samples (Figure 7, and see details in Appendix C, Table C-4). Similarly, the proportion of fines (<63 pum
grain size) was small with a maximum of 1.4%, and a number of samples lacked this grain size fraction.
Overall, the sediment was characterised by very fine (>63 pm grain size) to medium sands (>250 um
grain size), with the respective proportions of these sand fractions varying across sampling points. Only
few samples contained gravel (>2000 um grain size), although this grain size fraction made up 14.4%
of sediment in one of the samples at this site.

There were few cockles at Cheltenham Beach, with a total of only 14 individuals sampled in 2015-16.
Owing to this small sample size, there was considerable uncertainty associated with the population es-
timates. The estimated total cockle population abundance was 1.60 million individuals and the total
population density was 5 cockles per m?, with a corresponding CV of 66.48% (Table 8). The scarcity
of cockles, i.e., the high number of sampling points that contained no cockles (i.e., a large number of
zeros in the data) meant that an increase in sampling effort was unlikely to lead to a reduction in the
uncertainty.

There were few large cockles (>30 mm shell length), with an estimated 0.23 million (CV >100%) in-
dividuals in this size class; the mean density was <1 individual per m?. Individuals in this size class
comprised 14.29% of the total population. There were no recruits (<15 mm shell length), indicating that
most cockles were of medium size (Table 9, Figure 9). The mean shell length was 25.71 mm, and the
modal size was 25 mm shell length, in a unimodal population structure.

The current findings are similar to previous assessments (all conducted before 1999-2000) at Chelten-
ham Beach, which document low cockle numbers and a lack of recruitment for this and other bivalve
species (e.g., pipi). Although Cheltenham Beach was closed to collections in 1992, subsequent surveys
documented a continuing decrease in the abundance of large cockles in the late 1990s and a lack of re-
cruits (Morrison & Browne 1999, Morrison et al. 1999). Suggested reasons for the declining bivalve
populations include changes in environmental factors that adversely affect juvenile bivalve recruitment,
and a decline in the number of spawning adults below a threshold level that would allow population
recovery.

Cockles at Cheltenham Beach have also been surveyed as part of the Hauraki Gulf Forum community
monitoring programme, but owing to the low number of cockles, this site has not been included in recent
community-led surveys (Auckland Council 2013).

Ministry for Primary Industries Northern North Island shellfish 2015-16 ® 15



Stratum

[ A

36.82

Latitude (°S)

Longitude (°E)

A A

3.0 100
<251 Substrate
8: 3 75 . Fines
E 2.01 90-; . Very fine sand
§ 15 % 50 . Fine sand
Q = . Medium sand
10 o
% O] o5 . Coarse sand
Oos B Gravel

0.0 0 |

1 4 7 10 13 16 19 22 1 4 7 101316 19 22
Sample Sample

Figure 7: Sediment sample locations and characteristics at Cheltenham 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 C-4).
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3.5 Cockles at Cheltenham Beach

Cockle

0.0
® 25
@® 50
@75

Latitude (°S)

Stratum

[ A

Longitude (°E)

Figure 8: Map of sample strata and individual sample locations for cockles at Cheltenham 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 7: Estimates of cockle abundance at Cheltenham Beach, by stratum, for 2015-16. 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 31.9 80 14 1.60 5 66.48

Table 8: Estimates of cockle abundance at Cheltenham Beach for all sizes and large size (=30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

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

Total (millions) ~ Density (m~2?) CV (%) Total (millions) Density (m~2) CV (%)
2015-16 31.9 1.60 5 66.48 0.23 <1 >100
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Table 9: Summary statistics of the length-frequency (LF) distribution of cockles at Cheltenham 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.

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

2015-16 25.71 25 2031 0.00 14.29

2015-16
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Proportion
o
o
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Length (mm)

Figure 9: Weighted length-frequency (LF) distribution of cockles for the present survey at Cheltenham
Beach. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals, respect-
ively.

18 ® Northern North Island shellfish 2015-16 Ministry for Primary Industries



3.6 Cockle Bay

Cockle Bay is a small beach within the metropolitan Auckland area. This beach has been closed to
shellfish gathering since 1 October 2008 for the period over summer (1 October to 30 April). A maximum
daily bag limit of 50 cockles per gatherer per day applies at other times.

This site was included in four previous surveys, most recently in 2013—14 (see Appendix A, Tables A-1,
A-2). The current survey was based on the same sampling extent as recent previous surveys, and involved
two strata following re-stratification (Figure 10, Table 10). Across the 82 sampling points, there were
only two pipi sampled. Owing to this small sample size, pipi are not further reported on in this section.

Sediment samples at Cockle Bay were characterised by a low proportion of organic matter, with val-
ues ranging from 0.8 to 1.8% (Figure 10, and see details in Appendix C, Table C-4). Sediment grain
size distributions showed some variation across sampling points, particularly in the proportions of fines
(>63 pum) and gravel (>2000 pm). Although a small number of samples contained no fines, this grain
size fraction made up 16.3 to 28.8% of the sediment in four samples. All of the samples included some
gravel, and the highest proportion of this grain size fraction across samples was 44.2%.

Most cockles at this site were distributed across stratum A, with fewer cockles in stratum B (Figure 11,
Table 10). The total population estimate for this species in 201516 was 21.46 million (CV: 8.48%)
individuals, with a mean density of 136 cockles per m? (Table 11). This population estimate included
a substantial number of large cockles (>30 mm shell length), with an estimated 15.37 million (CV:
10.77%) individuals in this size class. The mean density of large cockles was 98 individuals per m?.
These current estimates for both the total population and the large-cockle size class were lower than
estimates in the previous survey in 2013—14. They reflect a continuing decrease in the total population

size since 2010-11, although estimates for large cockles showed some variation over this period.

Large cockles contributed an estimated 71.65% of individuals to the total population in 2015-16, and this
contribution has been consistently over 60% since 2012—13 (Table 12). At the same time, the proportion
of recruits (<15 mm shell length) was small, with 5.66% of individuals in this size class in 2015-16,
similar to the preceding population assessment.

The mean size of cockles at Cockle Bay showed little change in recent surveys, it was 31.82 mm shell
length in the current study (Table 12, Figure 12). At the same time, there was an increase in modal size
to 37 mm shell length in 2015-16, reflecting the increase in the proportion of large cockles. Length-
frequency distributions illustrate the prevalence of large cockles at this site, with a consistently unimodal
population showing an increase in the size of individuals since 2012—13.

Cockle Bay is one of the sites included in the Hauraki Gulf Forum community monitoring programme
(see for example, Auckland Council 2013). Although this programme uses different methods and a
smaller sampling extent, some of the findings are comparable to those in the present survey series. For
example, regular community monitoring since 2005 at Cockle Bay documents the presence of large
cockles (30 to 35 mm shell length) within the population, and this size class showed marked increases in
recent community surveys (i.e., in 2011 and 2012). The community monitoring also shows fluctuations
in the cockle population, with an average population density of 201 individuals per m?, and a density of
339 cockles per m? recorded in 2011.
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Figure 10: 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 C-4).
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3.7 Cockles at Cockle Bay
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Figure 11: 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 10: Estimates of cockle abundance at Cockle Bay, by stratum, for 2015-16. 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 13.2 68 373 20.73 157 8.66
B 2.5 14 14 0.73 29 39.22

Table 11: Estimates of cockle abundance at Cockle Bay for all sizes and large size (>30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

Year Extent (ha) Population estimate Population > 30 mm
Total (millions) Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)

2009-10 16.0 59.54 372 5.60 6.27 39 12.48
2010-11 16.0 72.20 451 5.61 21.29 133 8.15
2012-13 16.0 54.67 342 7.51 36.46 228 8.78
2013-14 15.8 33.68 214 8.14 21.02 133 9.50
2015-16 15.8 21.46 136 8.48 15.37 98 10.77

Ministry for Primary Industries Northern North Island shellfish 2015-16 ® 21



Table 12: 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 (%)

2012-13  30.40 32 644 1.53 66.69
2013-14 2999 34 645 6.09 62.41
2015-16 31.82 37 750 5.66 71.65
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Figure 12: 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.

22 @ Northern North Island shellfish 2015-16 Ministry for Primary Industries



3.8 Little Waihi Estuary

Little Waihi Estuary is a small Bay of Plenty estuary, situated east of Tauranga. Bivalves in this estuary
have been surveyed in eight previous population assessments since 2000—01 (see Appendix A, Tables A-
1, A-2). Initial surveys were based on a relatively small sampling extent, which was markedly increased
in 2009-10. Since then, the sampling extent has remained similar, extending across an area close to
the entrance of the estuary. In the current survey, the sampling extent was re-stratified, resulting in two
strata, A and B (Figure 13, Table 13). Bivalves were sampled in a total of 192 sampling points, including
82 sampling points in phase 2.

Sediment at Little Waihi Estuary contained little organic matter with a maximum of 2.8% of organic
content across all samples (Figure 13, and see details in Appendix C, Table C-4). At the same time,
sediment grain size distributions documented a low proportion of fines (grain size <63 pum), with the
highest value of 3.1% and a number of samples lacking this size fraction. In general, sediment samples
consisted primarily of fine and medium sands (i.e., grain sizes >125 um and >250 um), although coarser
size fractions were prevalent in several samples, particularly in stratum A. These samples contained up
to 62.1% coarse sand (grain size >500 pm) or up to 48.9% gravel (grain size >2000 pm).

The cockle population in Little Waihi Estuary in 2015—16 was restricted to stratum A, where it was mostly
distributed across the south-western side, with fewer cockles in other areas of this stratum (Figure 14,
Table 13). There were no cockles in the entrance area of stratum A, nor in stratum B. There were an
estimated 30.40 million (CV: 12.74%) cockles in the total population in 2015-16, at a mean density of
165 cockles per m? (Table 14). The population included a small number of large cockles (>30 mm shell
length), with an estimated 0.26 million (CV: 51.69%) large individuals. The corresponding mean density
was 2 large cockles per m?. These population estimates were similar to estimates in the preceding survey
in 2013-14.

Based on the small number of individuals, the large size class contributed a small proportion (0.86%) of
individuals to the total cockle population (Table 15). Instead, the population contained a considerable
proportion of recruits (<15 mm shell length), with 36.45% of individuals in this size class in 2015-16.
The small sizes of individuals in the cockle population were reflected in the mean and modal sizes of
17.68 mm and 15 mm shell length, respectively.

These findings were consistent with the two preceding surveys, indicating a cockle population dominated
by recruits and medium-sized individuals (Figure 15). A small decrease in the number of recruits in the
two most recent surveys resulted in a change from a bimodal to a unimodal cockle population.

Pipi in Little Waihi Estuary were sampled across the same strata as cockles (Figure 16, Table 16). Most
of the pipi population was in the north-eastern part of stratum A (but not near the entrance), with few
pipi in stratum B. The estimated total population size for this species in 2015-16 was 83.84 million (CV:
16.62%) pipi, occurring at a mean density of 456 individuals per m? (Table 17). The population included
a small number of large pipi (>50 mm shell length), with an estimated 2.35 million (CV: 43.62%) large
individuals at a mean density of 13 individuals per m? (Table 17). The current population estimates
reflected marked decreases in the pipi population; both the total population abundance and density were
less than half the values than in 2013—14, with a similar decline in the estimates for the large size class.

Within the pipi population, large-sized individuals were only a small component, contributing 2.81%
to the total population in 2015-16 (Table 18). In comparison, recruits (<20 mm shell length) made up
16.01% of the population overall. These data indicate that the majority of the population consisted of
medium-sized pipi, and mean and modal shell lengths were 31.88 mm and 32 mm, respectively. The
prevalence of medium-sized pipi resulted in a unimodal population size structure, which consistently
included recruits and large individuals in recent surveys (Figure 17).
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Figure 13: Sediment sample locations and characteristics at Little Waihi Estuary. 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 C-4).
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3.9 Cockles at Little Waihi Estuary
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Figure 14: Map of sample strata and individual sample locations for cockles at Little Waihi Estuary, with
the size of the circles proportional to the number of cockles (per 0.035 m?) found at each location. Samples
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Table 13: Estimates of cockle abundance at Little Waihi Estuary, by stratum, for 2015-16. 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 14: Estimates of cockle abundance at Little Waihi Estuary for all sizes and large size (=30 mm)

Stratum

Sample

Cockle
0
® 20
@® 40
@ 60

Population estimate

A
B

Area (ha) Points

13.6 165
4.8 27

Cockle Total (millions) Density (m~2) CV (%)
223 12.74

1290
0

30.40
0.00

0

Stratum

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

Year

2000-01
2002-03
2003-04
2004-05
2006-07
2009-10
2012-13
2013-14
2015-16

Extent (ha)

3.0
3.0
3.1
3.8
3.2
13.9
15.4
17.1
18.4

Population estimate

Population > 30 mm

Total (millions)

4.44
0.96
3.92
3.73
2.09
20.55
17.77
27.32
30.40

Density (m~?)

148
32
125
99
66
148
115
160
165

CV (%)

11.06
5.98
8.01
9.65

18.32

16.57

18.58

16.62

12.74

Total (millions)

0.95
0.07
0.40
0.17
0.01
0.08
0.20
0.35
0.26

Density (m~?)

32
2
13
7
<1
<1
1

2

2

CV (%)

9.2
20.47
15.92
18.32
>100
76.43
56.95

59.9
51.69
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Table 15: Summary statistics of the length-frequency (LF) distribution of cockles at Little Waihi Estuary.
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.

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

2012-13  15.72 20 245 45.25 1.15
2013-14  17.77 22 6-33 35.50 1.27
2015-16 17.68 15 4-35 36.45 0.86
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Figure 15: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys
at Little Waihi Estuary. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large
individuals, respectively.
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3.10 Pipi at Little Waihi Estuary
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Figure 16: Map of sample strata and individual sample locations for pipi at Little Waihi Estuary, 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 16: Estimates of pipi abundance at Little Waihi Estuary, by stratum, for 2015-16. Presented are
the number 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 13.6 165 3358 79.14 581 17.12
B 4.8 27 93 4.69 98 69.31

Table 17: Estimates of pipi abundance at Little Waihi Estuary for all sizes and large size (>50 mm) pipi.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

Year  Extent (ha) Population estimate Population > 50 mm
Total (millions) Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)

200001 3.0 28.69 956 8.78 3.74 125 8.46
200203 3.0 5.82 194 7.38 0.48 16 9.56
2003-04 3.1 7.05 226 9.15 0.84 27 13.52
200405 3.8 48.00 1280 6.16 1.90 51 10.25
200607 3.2 44.52 1409 7.47 2.00 75 10.76
2009-10 13.9 271.99 1954 11.54 10.12 90 20.25
2012-13 15.4 219.43 1423 7.88 10.26 67 27.03
2013-14 17.1 170.82 1 000 12.70 458 27 31.30
2015-16 18.4 83.84 456 16.62 2.35 13 43.62
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Table 18: Summary statistics of the length-frequency (LF) distribution of pipi at Little Waihi Estuary. 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  33.16 40  5-59 15.32 4.68
2013-14 31.49 42 8-57 17.71 2.68
2015-16 31.88 32 5-57 16.01 2.81
2012-13 2013-14 2015-16
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Figure 17: Weighted length-frequency (LF) distribution of pipi for the present and previous surveys at Little
Waihi Estuary. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,
respectively.
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3.11 Marokopa Estuary

Marokopa Estuary is a small estuary on the Waikato west coast. This site was included in two previous
bivalve surveys, in 2005-06 and 2010-11 (see Appendix A, Tables A-1, A-2). Sampling at this site has
focused on three strata A to C within the main channel of the estuary (Figure 18, Table 19). In 2015-16,
bivalves were sampled in a total of 90 sampling points across the three strata. As there were only 18
cockles sampled across all sampling points, cockles are not further reported on in this section.

Pipi were abundant in strata B and C, with few pipi in stratum A. The total population estimate for this
species was 8.62 million (CV: 11.26%) pipi in 2015-16 (Table 20). The corresponding mean density
was 333 pipi per m2. Both population estimates were a marked increase from previous estimates. There
were no large pipi (=50 mm shell length) in the population, and this finding was consistent across the
three surveys conducted at this site.

In contrast, recruits (<20 mm shell length) contributed 27.71% of individuals to the total population in
2015-16, and this value was similar to the proportion of recruits in the preceding survey (Table 21).
Similarly, mean pipi size was consistent with the previous assessment at 27.35 mm shell length. Nev-
ertheless, there was an increase in modal size in 2015-16 to 40 mm shell length. Length-frequency
distributions highlight the increasing proportion of recruits in the pipi population in the two most re-
cent surveys (Figure 19). Initially, there were few individuals in this size class, and the pipi population
was unimodal in 2005-06. Since then, the proportion of recruits made up a second mode, resulting in a
bimodal population in 2010-11, with less distinct modes in 2015-16.

Overall, the pipi population at Marokopa Estuary has consistently been dominated by medium-sized pipi,
lacking large individuals. Information from local residents (e.g., K. Hohaia, pers. comm.) confirmed
this finding, and indicated that pipi at Marokopa Estuary are characterised by their medium size.
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3.12 Pipi at Marokopa Estuary
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Figure 18: Map of sample strata and individual sample locations for pipi at Marokopa Estuary, 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 19: Estimates of pipi abundance at Marokopa Estuary, by stratum, for 2015-16. Presented are the
number of points and the number of pipi sampled, the mean total estimate, the mean density, and the coef-
ficient of variation (CV).

Stratum Sample Population estimate

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

A 0.2 7 28 0.24 114 60.01
B 0.7 26 432 3.34 475 15.56
C 1.7 57 602 5.03 302 16.02

Table 20: Estimates of pipi abundance at Marokopa Estuary for all sizes and large size (>50 mm) pipi.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

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

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

2005-06 2.4 4.34 185 9.24 0.00 0
2010-11 24 3.03 129 15.03 0.00 0
2015-16 2.6 8.62 333 11.26 0.00 0
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Table 21: Summary statistics of the length-frequency (LF) distribution of pipi at Marokopa Estuary. 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 (%)

2005-06 31.13 33 945 3.67 0.00

2010-11 27.41 30 7-47 30.80 0.00

2015-16 27.35 40 846 27.71 0.00

2005-06 2010-11 2015-16
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Figure 19: Weighted length-frequency (LF) distribution of pipi for the present and previous surveys at
Marokopa Estuary. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large indi-
viduals, respectively.
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3.13 Ohiwa Harbour

Ohiwa Harbour is a large estuary in Bay of Plenty. Bivalves at this site have been assessed in five
previous assessments, most recently in 2012—13 (see Appendix A, Tables A-1, A-2). Across surveys,
bivalve sampling at this site has generally focused on Motuotu Island, which is located in the eastern part
of the harbour, just south of the entrance. The island is surrounded by two channels, the main harbour
channel to the north and west, and a second, large channel (“Kutarere channel”) on the eastern side.

Throughout the survey series, the sampling extent at Motuotu Island has consisted of disjunct strata that
predominantly targeted cockles or pipi. Movement of the two channels has frequently led to changes in
strata and sampling extent. The two main cockle strata have been relatively consistent in recent surveys,
involving two areas south-east of the island, extending along the edge of Kutarere channel. Pipi strata
have been located at the northwestern and northern edge of the intertidal sandflat that extends northwards
from the island, with some changes in their location and sizes across surveys.

In the present study, one of the previous cockle strata (stratum A) was moved upshore as movement
of Kutarere channel since the preceding 2012—13 survey resulted in submergence of large parts of the
stratum area, so that most sampling points were inaccessible (i.e., deeper than 0.5 m depth at low tide);
few (12) cockles were found at the nine sampling points that were accessible. For this reason, this stratum
was moved sideways, placing it directly adjacent and parallel to its previous location.

In addition, changes to the channel at the northeastern end of the island’s sandflat made two previous pipi
strata inaccessible, and no pipi were found during the pre-survey reconnaissance. Information from local
pipi gatherers and recreational estuary users confirmed that pipi in this area had disappeared recently (i.e.,
within the past 18 months), and indicated that another area supported a substantial pipi bed. This area
was next to a sandbank within Kutarere channel, and included as a new stratum in the present study.
Overall, the 201516 survey involved five strata and a total of 125 sampling points across the sampling
extent (Figure 20, Table 22).

The sediment in the cockle strata at Ohiwa Harbour was generally low in organic content (less than 4%),
and also in the proportion of sediment fines (grain size <63 pum) (Figure 20, and see details in Appendix
C, Table C-4). The most prevalent grain size was fine sand (grain size >125 pm), followed by very fine
sand (grain size >63 pm), although a number of samples also included gravel (grain size >2000 pm).
The highest proportion of this coarse sediment grain size was 32.3%.

Cockles at Ohiwa Harbour occurred in four of the five strata, with highest abundances in strata A and B
(Figure 21, Table 22). Based on the survey data, there were an estimated 23.01 million (CV: 14.33%)
cockles in the total population at this site in 2015-16, and the estimated mean density was 683 cockles
per m? (Table 23). The population included few large cockles (>30 mm shell length), with an estim-
ated abundance of 0.26 million (CV: 30.87%) individuals in this size class, at a mean density of 10
large cockles per m?. These current population estimates were the highest values in the survey series,
even though the sampling extent differed across some of the surveys, including smaller and also larger
sampling areas than used in the current study.

Large cockles only made up a small part of the total population with 1.13% of individuals in this size
class (Table 24, Figure 22). In contrast, recruits (<15 mm shell length) constituted 25.08% of the total
population, a slight decrease from 33.31% in the previous survey in 2012—13. Mean and modal sizes of
19.17 mm and 22 mm shell length, respectively reflected the prevalence of recruits and small individuals
within the population. Considering length-frequency distributions from the three recent surveys, recruits
and medium-sized individuals consistently dominated the population structure, including in 2015-16,
when recruits constituted a second, small cohort in the previously unimodal population.

The pipi population at Ohiwa Harbour was concentrated in two strata, D and E, with few pipi in the
remaining strata (Figure 23, Table 25). Stratum D included the newly-added pipi bed, whereas stratum
E was also part of previous surveys. The total population size of pipi at this site was estimated at 41.26
million (CV: 12.10%) individuals, with an estimated mean density of 1225 individuals per m? (Table 26).
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These population estimates were similar to estimates in 2012—13, although the current sampling extent
was larger than in the preceding assessment. There was a considerable number of large pipi (>50 mm
shell length) included in the population, with an abundance estimate of 3.70 million (CV: 18.37%) large
individuals, and a mean density of 110 large pipi per m?. These estimates for the large size class were
substantially (about three times) higher than the preceding values, although there has been some fluctu-
ation across surveys.

The increase in large pipi was also evident in their increasing proportion in the total population, which
was 8.96% in 2015-16 (Table 27, Figure 24). Nevertheless, recruits (<20 mm shell length) continued
to make up the main part of the pipi population at Ohiwa Harbour, with 53.42% of individuals in this
size class. Mean and modal shell lengths were 25.71 mm and 20 mm, respectively. The large number of
recruits was evident in their strong cohort, with a second, smaller cohort of medium-size and large pipi
in the bimodal population. This population structure was similar to that in the previous assessment in
2012-13.

Previous surveys included strata C and E to sample pipi (Pawley 2011, Pawley & Smith 2014). Stratum
C used to be situated next to the channel at the northwestern edge of the sandflat, but substantial changes
in the morphology and substrate of this area meant that this stratum was 100 m distance from the channel
in 2012-13 (Pawley & Smith 2014). It remained in the middle of the intertidal sandflat in the current
study, with only five pipi sampled in this stratum. The preceding assessment in 2012—13 included a
new stratum at the channel edge (termed “’F”), which supported high numbers of predominantly small
pipi. This stratum was included in the current study (stratum E) and continued to support a dense bed of
small-sized and juvenile pipi.
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Figure 20: Sediment sample locations and characteristics at Ohiwa Harbour. 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 C-4).
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3.14 Cockles at Ohiwa Harbour
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Figure 21: Map of sample strata and individual sample locations for cockles at Ohiwa Harbour, 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 22: Estimates of cockle abundance at Ohiwa Harbour, by stratum, for 2015-16. 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 1.2 24 856 12.20 1019 24.23

B 0.5 32 1285 5.32 1147 14.54

C 0.5 23 672 4.03 835 30.21
D 0.8 25 0 0.00 0

E 0.4 21 259 1.45 352 15.03
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Table 23: Estimates of cockle abundance at Ohiwa Harbour for all sizes and large size (=30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

Year Extent (ha)

2001-02
2005-06
2006-07
2009-10
2012-13
2015-16

Population estimate

Population > 30 mm

Total (millions)

2.2
2.7
5.7
2.1
2.6
3.4

4.53
3.69
17.48
6.47
9.05
23.01

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

201 7.82
137 7.07
307 10.59
308 8.79
344 10.49
683 14.33

0.16 7 22.37
0.17 9 15.69
1.12 20 14.47
0.03 1 51.49
0.05 3 36.42
0.26 10 30.87

Table 24: Summary statistics of the length-frequency (LF) distribution of cockles at Ohiwa Harbour. 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.

Year

2009-10
2012-13
2015-16

2009-10

Mean

17.20
17.41
19.17

Mode Range Recruits (%)

20 535 35.11
20 431 33.31
22 533 25.08

2012-13

Large size (%)

0.51
0.56
1.13

2015-16
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Figure 22: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys at
Ohiwa Harbour. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,

respectively.
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3.15 Pipi at Ohiwa Harbour
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Figure 23: Map of sample strata and individual sample locations for pipi at Ohiwa Harbour, 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 25: Estimates of pipi abundance at Ohiwa Harbour, by stratum, for 2015-16. 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 1.2 24 1 0.01 1 >100
B 0.5 32 4 0.02 4 47.52
C 0.5 23 5 0.03 6 49.73
D 0.8 25 1267 11.73 1 448 18.18
E 0.4 21 5246 29.46 7137 15.31
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Table 26: Estimates of pipi abundance at Ohiwa Harbour for all sizes and large size (>50 mm) pipi. Columns
include the mean total estimate, mean density and coefficient of variation (CV).

Year Extent (ha) Population estimate Population > 50 mm
Total (millions)  Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)

2001-02 2.2 5.67 252 6.88 2.14 95 7.46
2005-06 2.7 3.40 126 7.27 2.52 93 6.36
2006-07 5.7 8.27 145 10.52 2.14 79 13.78
2009-10 2.1 15.25 726 14.46 1.63 78 18.77
201213 2.6 41.59 1581 14.39 1.03 39 31.52
2015-16 34 41.26 1225 12.10 3.70 110 18.37

Table 27: Summary statistics of the length-frequency (LF) distribution of pipi at Ohiwa Harbour. LF distri-
butions (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 (%)

2009-10 39.87 45 10-58 1.27 10.79
2012-13  26.81 12 3-56 50.22 2.48
2015-16 25.71 20 764 53.42 8.96
2009-10 2012-13 2015-16
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Figure 24: Weighted length-frequency (LF) distribution of pipi for the present and previous surveys at
Ohiwa Harbour. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,
respectively.
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3.16 Okoromai Bay

Okoromai Bay is a southern bay on Whangaparoa Peninsula, north of Auckland. This site has been
frequently included in the bivalve surveys, with the most recent previous assessment in 2013—14 (see
Appendix A, Tables A-1, A-2). The sampling extent has remained consistent throughout the survey
series, containing two strata A and B. In the current study, the sampling extent was re-stratified, but
retained two strata (Figure 25, Table 28). There was a total of 110 sampling points across the sampling
extent.

The sediment sampling at this site documented sediment that had a consistently low organic content of
less than 3% (Figure 25, and see details in Appendix C, Table C-4). The proportion of fines (grain size
<63 pm) varied across samples, from none to 8.6%. The dominant grain size fractions were very fine
and fine sands (grain sizes >65 um and >125 pm, respectively), with no or little sediment in the other
size fractions.

Cockles at this site were distributed across most of the sampling extent, with their highest abundance
in the southwestern part of stratum A (Figure 26). The total population estimate in 2015-16 was 34.78
million (CV: 19.45%) cockles, and their estimated mean density was 175 individuals per m? (Table 29).
Both estimates were increases from the previous survey, and the highest estimates since 1999-2000.
Similarly, large cockles (> 30 mm shell length) showed a population increase in 2015-16, doubling
between the preceding and the current survey to 8.48 million (CV: 19.44%) large cockles at an estimated
mean density of 43 large individuals per m?.

Large cockles constituted about a quarter of the population in 2015-16, with 24.37% large individuals in
the total cockle population (Table 30). At the same time, recruits (<15 mm shell length) also contributed
a considerable proportion of the population, with 29.64% of individuals in this size class. The mean shell
length was similar to the preceding cockle size at 21.73 mm, while the modal size showed an increase at
16 mm shell length in 2015-16.

Considering the cockle population structure across the three most recent surveys, the population changed
from a unimodal length-frequency distribution with a strong mode of large cockles in 2012-13 to a
bimodal population consisting of two smaller modes of recruits and large individuals in the current survey
in 2015-16 (Figure 27).
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Figure 25: Sediment sample locations and characteristics at Okoromai 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 C-4).
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3.17 Cockles at Okoromai Bay
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Figure 26: Map of sample strata and individual sample locations for cockles at Okoromai 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 28: Estimates of cockle abundance at Okoromai Bay, by stratum, for 2015-16. 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 11.0 60 464 24.24 221 26.39
B 8.9 50 208 10.54 119 20.89
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Table 29: Estimates of cockle abundance at Okoromai Bay for all sizes and large size (=30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

Year Extent (ha) Population estimate Population > 30 mm
Total (millions)  Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)

1999-00 20.0 90.05 450 4.26 24.38 122 5.30
2001-02 24.0 27.26 114 7.78 8.66 36 8.31
2002-03 20.0 26.86 134 5.10 7.05 35 6.56
2003-04 20.0 27.96 140 11.48 12.01 60 10.62
2004-05 20.0 34.50 172 7.44 13.80 69 437
200607 20.0 17.39 87 9.08 7.03 35 12.18
2009-10 20.0 29.62 148 9.60 13.07 65 10.84
2012-13 20.0 28.50 142 10.61 13.61 68 11.92
2013-14 19.8 28.14 142 12.69 448 23 19.47
2015-16 19.8 34.78 175 19.45 8.48 43 19.44

Table 30: Summary statistics of the length-frequency (LF) distribution of cockles at Okoromai Bay. 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.

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

2012-13  27.79 30 5-45 6.83 47.75
2013-14 21.38 12 7-39 28.09 15.91
2015-16 21.73 16 641 29.64 2437
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Figure 27: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys at
Okoromai Bay. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,
respectively.
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3.18 Pataua Estuary

Pataua Estuary is in Northland, north of Whangarei. This estuary has been included in five previous
bivalve surveys, most recently in 2013—14 (see Appendix A, Tables A-1, A-2). In this preceding survey,
the sampling extent was extended relative to earlier surveys to include the cockle beds in the western
strata in their entirety. In the current study, the sampling extent was re-stratified, resulting in three
western strata on intertidal mudflats, and one stratum within the channel close to the estuary entrance
(Figure 28, Table 31). Across the sampling extent, bivalves were assessed in a total of 150 sampling
points.

Sediment in the cockle strata was relatively low in organic content, with values ranging between 1.4 and
5.5% (Figure 28, and see details in Appendix C, Table C-4). Although the sediment consisted primarily of
fine sand (grain size >250 pm), there was some variation in the grain size distributions across samples,
particularly in the proportions of fines (grain size <63 pum) and gravel (grain size >2000 pm). Fines
were present at all but one sampling point, with a maximum of 12.9% recorded in one sample. At the
same time, all samples contained gravel, including relatively high values, to a maximum of 77.0% at one
sampling point in stratum A.

The cockle population was distributed throughout strata A and B, with a considerably greater abundance
and density in the latter stratum (Figure 29, Table 31). There were few cockles (i.e., five individuals
each) in the remaining strata. The total cockle population size was estimated at 380.13 million (CV:
7.58%) individuals in 2015-16, with a corresponding mean density of 1368 cockles per m? (Table 32).
Population estimates based on a sampling extent similar to previous surveys included a total of 138.14
million cockles (CV: 13.33%) at a mean density of 1371 cockles m?. There was a small number of large
cockles (>30 mm shell length) within the population, with an estimated 4.89 million (CV: 29.68%)
individuals in this size class. Their mean density was also low at 18 large cockles per m?. The current
estimates were lower than estimates in the preceding survey in 2013-14.

The low number of large cockles was reflected in their minor contribution to the total population, with
1.29% of all individuals in this size class, similar to the value in the preceding survey (Table 33). In con-
trast, recruits (<15 mm shell length) made up 21.80% of the total population. Although their proportion
within the population remained high, this estimate was a decrease from 31.81% of recruits in 2013-14.
The mean and modal sizes in 2015-16 were 19.11 mm and 20 mm shell length, respectively, highlight-
ing the prevalence of small to medium-size cockles in the population. Length-frequency distributions
confirmed this pattern for the two most recent surveys, with small and medium-size cockles dominating
the consistently unimodal cockle population at Pataua Estuary (Figure 30).

Pipi were present in all strata, but were scarce on the intertidal mudflat (strata A to C), with the population
concentrated in channel stratum D (Figure 31, Table 34). The estimated population size was a total of 6.45
million pipi (CV: 14.67%) in 2015-16 (Table 35). The estimated population density was 23 individuals
per m?. There were few large pipi (>50 mm shell length) included in the population with an estimated
0.19 million (CV: 79.86%) individuals in this size class. Their estimated mean density was <1 large pipi
per m?. All of the current estimates mark decreases in the pipi population at Pataua Estuary, most notably
in the population size of large pipi. Although this size class has been characterised by low abundances
and densities across previous surveys, the current estimates are the lowest values since 2002—03.

The reduction in the number of large-sized pipi was evident in their contribution to the total population,
which decreased to 2.94% in 2015-16 compared with 6.27% in the preceding assessment in 201314
(Table 36). At the same time, the proportion of recruits (<20 mm shell length) declined from 29.82%
in 2013—14 to 19.52% in the current study. The decline in the proportion of recruits was reflected in the
increase in modal size to 27 mm shell length, although the mean size remained similar at 31.54 mm shell
length. The pipi population structure illustrated this slight shift in modal size, with a discernible increase
in medium-sized pipi in the bimodal population, whereas there were fewer recruits and large pipi than in
2013-14 (Figure 32).
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Figure 28: Sediment sample locations and characteristics at Pataua Estuary. 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 C-4).
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3.19 Cockles at Pataua Estuary
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Figure 29: Map of sample strata and individual sample locations for cockles at Pataua Estuary, 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 31: Estimates of cockle abundance at Pataua Estuary, by stratum, for 2015-16. 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 11.2 43 659 49.07 438 20.21
B 14.1 48 3928 330.70 2338 8.18
C 2.2 9 5 0.35 16 80.00
D 0.2 50 5 0.01 3 58.90
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Table 32: Estimates of cockle abundance at Pataua Estuary for all sizes and large size (>30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV). Asterisk indicates
estimates based on the approximate sampling extent of cockle strata used in previous surveys.

Population estimate Population > 30 mm

Year Extent (ha)
Total (millions) ~ Density (m~%) CV (%) Total (millions) Density (m~%) CV (%)

2002-03 10.7 88.64 832 445 21.63 203 6.94
2003-04 10.4 123.54 1182 3.02 13.56 130 8.90
2005-06 104 108.08 1034 5.18 19.87 199 7.57
2013-14 26.3 410.54 1561 5.30 6.54 25 15.94
2013-14* 10.1 190.54 1 891 6.67 3.40 34 20.30
2015-16 27.8 380.13 1368 7.58 4.89 18 29.68
2015-16* 10.1 138.14 1371 13.33 2.42 24 38.78

Table 33: Summary statistics of the length-frequency (LF) distribution of cockles at Pataua Estuary. 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.

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

200506 24.47 25 643 7.45 18.38
2013-14 17.97 20 4-58 31.81 1.59
2015-16 19.11 20 5-36 21.80 1.29
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Figure 30: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys at
Pataua Estuary. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,
respectively.
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3.20 Pipi at Pataua Estuary
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Figure 31: Map of sample strata and individual sample locations for pipi at Pataua Estuary, 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 34: Estimates of pipi abundance at Pataua Estuary, by stratum, for 2015-16. 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 11.2 43 8 0.60 5 36.90
B 14.1 48 26 2.19 15 31.56
C 2.2 9 7 0.49 22 85.12
D 0.2 50 2355 3.17 1 346 13.95

Table 35: Estimates of pipi abundance at Pataua Estuary for all sizes and large size (=50 mm) pipi. Columns
include the mean total estimate, mean density and coefficient of variation (CV).

Year Extent (ha) Population estimate Population > 50 mm
Total (millions) Density (m™2) CV (%) Total (millions) Density (m~2) CV (%)

2002-03 10.7 16.58 156 14.00 0.02 <1 >100
2003-04 10.4 221 21 11.72 0.43 4 7.94
2005-06 104 1.18 11 9.73 0.45 4 32.47
2013-14 26.3 7.52 29 17.28 0.47 2 60.35
2015-16 27.8 6.45 23 14.67 0.19 <1 79.86
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Table 36: Summary statistics of the length-frequency (LF) distribution of pipi at Pataua Estuary. LF distri-
butions (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 (%)

2005-06 4247 25 1571 2.65 38.20
2013-14 3128 19  7-58 29.82 6.27
2015-16 3154 27 856 19.52 2.94
2005-06 2013-14 2015-16
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Figure 32: Weighted length-frequency (LF) distribution of pipi for the present and previous surveys at
Pataua Estuary. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,
respectively.
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3.21 Tairua Harbour

Tairua Harbour is located on the eastern side of Coromandel Peninsula. Bivalves at this site have been
assessed in eight previous assessments, most recently in 2013—14 (see Appendix A, Tables A-1, A-2).
This previous assessment involved the largest sampling extent in the survey series, incorporating cockle
and pipi beds in different areas, north and south of the main channel. The current study involved a
slighter smaller sampling extent, resulting from changes in the location and size of strata containing pipi.
These changes also included the omission of two previous strata (A and D in 2013-14) that were found
during the reconnaissance to no longer contain pipi beds. Strata predominantly targeting cockles were
re-stratified, resulting in a total of five strata (A to E) and 183 sampling points in 2015-16 (Figure 33,
Table 37).

Sediment characteristics in the cockle strata at Tairua Harbour varied across samples, including organic
content which ranged between 0.9 and 4.6% (Figure 33, and see details in Appendix C, Table C-4).
Similarly, the proportion of sediment fines (grain size <63 um) was variable (0.1 to 13.2%). Most
samples consisted of varying proportions of very fine to medium sands (grain sizes >63 to >250 pm),
although coarse sand (grain size >500 um) and gravel (grain size >2000 pm) were prominent at some
sampling points, with maximum values of 55.4% and 36.6%, respectively.

The cockle population at Tairua Harbour was primarily concentrated on the intertidal mudflat on the
northern side of the main channel, in (re-stratified) strata A and B (Figure 34, Table 37). Based on the
field sampling, the total cockle population size was estimated at 57.22 million (CV: 10.46%) individuals,
with a corresponding mean density of 700 cockles per m? (Table 38). When restricting data to the
sampling extent used in earlier surveys, the total population estimate was 39.91 million (CV: 10.35%)
cockles, and the mean density was 1390 cockles per m?. The population contained few large cockles
(>30 mm shell length), with an estimated 0.37 million (CV: 43.97%) large individuals at a mean density
of 4 large cockles per m?. All of the current population estimates were lower than the corresponding
estimates in the previous survey in 2013-14.

Considering the population overall, the proportion of large cockles was less than 1% (0.64%), and this
finding was consistent with the small proportion of large individuals in 2013—14 (Table 39). Recruits
(<15 mm shell length) made up about a quarter of the population in the two most recent surveys, with
18.16% of cockles in this size class in 2015-16. Mean and modal shell lengths have also remained con-
sistent, with a mean size of 19.38 mm and a modal size of 20 mm in the current assessment. The generally
small size of cockles was evident in the length-frequency distributions that documented a unimodal pop-
ulation dominated by small and medium-size individuals across the three most recent surveys including
the present study (Figure 35).

Pipi at Tairua Harbour were sampled across all strata, but only occurred at high densities throughout
stratum D and in the eastern part of stratum E (Figure 36, Table 40). The total population estimate for
2015-16 was 26.71 million (CV: 15.64%) pipi, with an average population density of 327 pipi per m?
(Table 41). The total population estimates reflected marked decreases from estimates in 2013—14. This
recent reduction in the pipi population is in part explained by the omission of two strata that no longer
contained pipi in 2015-16. Nevertheless, there were also notable declines (over 40%) in the number
and density of pipi in stratum E compared with the 2013—14 estimates for the same area (i.e., previous
stratum C).

In the current assessment, the number of large pipi (>50 mm shell length) showed a slight decrease
from the previous survey, with an estimated 0.38 million (CV: 39.85%) large individuals included in the
population. Their mean density remained at 5 large individuals per m?. This size class only made up
1.41% of the total population (Table 42). There was also only a small proportion of recruits (<20 mm
shell length) within the population, with 6.72% of pipi at these small sizes. The pipi population at
this site has consistently been determined by medium-size pipi, and mean and modal sizes in 2015-16
were 36.58 mm and 40 mm shell length, respectively. This medium size class dominated the unimodal
population, although there has been a slight shift towards larger pipi sizes since 2010-11 (Figure 37).
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Figure 33: Sediment sample locations and characteristics at Tairua Harbour. 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 C-4).
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3.22 Cockles at Tairua Harbour
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Figure 34: Map of sample strata and individual sample locations for cockles at Tairua Harbour, 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 37: Estimates of cockle abundance at Tairua Harbour, by stratum, for 2015-16. 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 2.5 51 2475 35.29 1387 13.00
B 2.0 33 955 16.31 827 22.52
C 0.5 9 94 1.56 298 18.20
D 23 46 60 0.85 37 28.28
E 0.8 44 589 3.21 382 33.47
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Table 38: Estimates of cockle abundance at Tairua Harbour for all sizes and large size (=30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV). Asterisk indicates
estimates based on the approximate sampling extent of cockle strata used in previous surveys.

Year Extent (ha)

1999-00
2000-01
2001-02
2002-03
2005-06
200607
2010-11
2013-14
2013-14*
2015-16
2015-16*

Population estimate

Population > 30 mm

Total (millions)

3.7
39
3.9
39
39
4.8
5.8
9.4
2.9
8.2
2.9

61.70
56.07
19.04
32.76
23.68
53.82
25.52
69.66
27.12
57.22
39.91

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

1 668 8.07
1438 4.93
488 6.80
840 5.14
607 4.74
1121 6.47
440 10.69
742 8.93
944 13.94
700 10.46
1390 10.35

17.57 475 7.95
10.65 273 6.26
4.58 117 8.07
5.56 143 6.53
4.71 131 6.07
4.28 89 11.80
0.87 15 47.88
0.81 9 14.22
0.09 3 50.61
0.37 4 43.97
0.08 3 50.27

Table 39: Summary statistics of the length-frequency (LF) distribution of cockles at Tairua Harbour. 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.
Year Mean Mode Range Recruits (%) Large size (%)
2010-11 18.25 20 5-50 32.55 3.41
2013-14 19.12 20 549 21.98 1.16
2015-16  19.38 20  5-35 18.16 0.64
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Figure 35: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys at
Tairua Harbour. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,

respectively.
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3.23 Pipi at Tairua Harbour
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Figure 36: Map of sample strata and individual sample locations for pipi at Tairua Harbour, 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 40: Estimates of pipi abundance at Tairua Harbour, by stratum, for 2015-16. 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 2.5 51 23 0.33 13 33.04
B 2.0 33 189 3.23 164 52.33
C 0.5 9 1 0.02 3 >100
D 23 46 1203 17.13 747 20.22
E 0.8 44 1104 6.01 717 26.83
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Table 41: Estimates of pipi abundance at Tairua Harbour for all sizes and large size (>50 mm) pipi. Columns
include the mean total estimate, mean density and coefficient of variation (CV).

Year Extent (ha)

1999-00
2000-01
2001-02
2002-03
2005-06
2006-07
2010-11
2013-14
2015-16

3.7
3.9
3.9
3.9
3.9
4.8
5.8
9.4
8.2

Population estimate

Population > 50 mm

Total (millions)

9.41
8.35
4.28
4.98
3.01
6.33
25.80
49.99
26.71

Density (m~2)

254
214
110
128

77
132
445
533
327

CV (%)

6.56
6.25
11.30
6.73
9.00
6.72
11.26
13.05
15.64

Total (millions)

3.81
2.11
0.84
0.43
0.71
2.10
0.84
0.44
0.38

Density (m~2) CV (%)

103 5.79
54 7.78
35 8.70
11 11.51
79 12.62
44 8.36
20 25.04

5 28.85
5 39.85

Table 42: Summary statistics of the length-frequency (LF) distribution of pipi at Tairua Harbour. LF distri-
butions (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

2010-11
2013-14
2015-16

2010-11

Mean

30.75
31.39
36.58

Mode

30
35
40

Range
8-68
5-72
8-52

2013-14

Recruits (%)

13.00
9.39
6.72

Large size (%)

3.25
0.88
1.41

2015-16
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Figure 37: Weighted length-frequency (LF) distribution of pipi for the present and previous surveys at
Tairua Harbour. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,

respectively.
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3.24 Umupuia Beach

Umupuia Beach is in the Auckland region, situated within Hauraki Gulf. This site had a rahui (total
closure) imposed in October 2008, prohibiting the take of cockles. Umupuia Beach has been frequently
included in the bivalve survey series with 12 assessments preceding the current study (see Appendix A,
Tables A-1, A-2). Bivalves at this site were last surveyed in 2013—14. The sampling extent has remained
similar throughout the surveys, involving most of the intertidal area of the beach. In the current study,
the sampling extent was re-stratified, and bivalves were sampled across four strata involving a total of
186 sampling points (Figure 38, Table 43). There were only ten pipi sampled across all sampling points,
so that this species is not further reported on here.

Across the four strata, sediment characteristics were similar in organic content and the proportion of
fines (grain size <63 um), with generally low values for both parameters (Figure 38, and see details in
Appendix C, Table C-4). The sediment largely consisted of very fine and fine sands (grain sizes >65 um
and >125 um, respectively), but there was there was considerable variation in the proportion of gravel
(grain size >2000 pm). While this grain size fraction was absent or small in the majority of samples, it
made up over 20% of the sediment at two sampling points.

Cockles at Umupuia Beach were predominantly in stratum B, particularly in the mid- to low- intertidal
zone (Figure 39, Table 43). There were few cockles in strata A and D, and no cockles in stratum C. Popu-
lation estimates for 2015—-16 included a total population size of 98.88 million (CV: 15.93%) individuals,
and mean density of 292 cockles per m? (Table 44). These estimates were markedly lower than values
in the preceding assessment in 2013—14. Similarly, there was a reduction in the number of large cockles
(>30 mm shell length), with an estimated 39.12 million (CV: 10.61%) large individuals, although their
mean density remained similar at 128 large cockles per m?.

Overall, large cockles continued to be a substantial part of the population at Umupuia Beach, with 39.56%
of individuals in this size class (Table 45, Figure 40). In contrast, the proportion of recruits (<15 mm shell
length) was small at 2.04%, although this size class contributed 32.24% to the population in the preceding
survey in 2013—14. The drop in the proportion of recruits an increase in large cockles was reflected in the
mean and modal sizes in 2015-16, which were 26.80 mm and 22 mm shell length, respectively. Length-
frequency distributions further highlighted the increase in cockle sizes in the population structure across
the three recent surveys, with the two modes in a consistently bimodal population shifting towards larger
sizes, leading to a reduction and then lack of recruits.
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Figure 38: Sediment sample locations and characteristics at Umupuia 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 C-4).
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3.25 Cockles at Umupuia Beach
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Figure 39: Map of sample strata and individual sample locations for cockles at Umupuia 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 43: Estimates of cockle abundance at Umupuia Beach, by stratum, for 2015-16. 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 10.8 61 187 9.49 88 23.04

B 14.5 81 1681 85.72 593 18.16
C 3.3 17 0 0.00 0

D 53 27 65 3.67 69 29.93
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Table 44: Estimates of cockle abundance at Umupuia Beach for all sizes and large size (=30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

Year Extent (ha) Population estimate Population > 30 mm
Total (millions)  Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)

1999-00 25.0 84.41 338 5.51 18.59 74 7.99
2000-01 36.0 177.48 493 5.50 66.98 186 8.32
2001-02 36.0 66.22 184 7.00 29.49 82 9.42
2002-03 36.0 64.43 179 5.26 24.96 69 7.87
2003-04 36.0 29.94 83 9.53 21.62 60 11.44
2004-05 36.0 41.49 115 6.95 30.72 85 7.97
2005-06 36.0 26.86 75 9.99 14.53 40 15.93
200607 36.0 11.59 32 13.84 5.07 14 23.91
2009-10 36.0 61.58 171 11.30 1.89 5 20.84
2010-11 36.0 103.08 286 9.96 9.32 26 17.10
2012-13 36.0 125.18 348 14.17 47.99 133 14.64
2013-14 339 170.35 503 16.79 44.29 131 17.80
2015-16 33.9 98.88 292 15.93 39.12 128 10.61

Table 45: Summary statistics of the length-frequency (LF) distribution of cockles at Umupuia 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.

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

2012-13  24.87 30 2-40 17.04 38.34
2013-14 22.24 14 5-42 32.24 26.00
2015-16 26.80 22 8-43 2.04 39.56
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Figure 40: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys at
Umupuia Beach. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,
respectively.
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3.26 Whangateau Harbour

Whangateau Harbour is north of Auckland, situated within Hauraki Gulf. The harbour was first closed to
shellfish collections in March 2010, with a permanent closure coming into effect in January 2016. This
site has been included in eight previous bivalve surveys since 1999-2000, most recently in 2013-14
(see Appendix A, Tables A-1, A-2). In the 2013-14 survey, the sampling extent was greatly expan-
ded by extending existing strata and adding two new cockle strata. The current assessment used the
same sampling extent, involving five strata following re-stratification (Figure 41, Table 46). Across this
sampling extent, there was a total of 247 sampling points in the 2015-16 survey.

Sediment sampling in the cockle strata documented a consistently low organic content at 1.7% or below
(Figure 41, and see details in Appendix C, Table C-4). The sediment contained no or only a low propor-
tion of fines (grain size <63 um), with a maximum value of 2.5% in this grain size. Instead, fine and
medium sands (grain sizes >125 um and >250 um) were the most prevalent grain size fractions, with
a number of samples also containing coarse sediment. The latter included up to 18.6% of coarse sand
(grain size >500 um) and up to 24.4% of gravel (grain size >2000 pum).

In 2015-16, cockles were highly abundant in strata A and D, and were few or no cockles in the remaining
strata (Figure 42, Table 46). Across all strata, the size of the total cockle population was estimated at
742.44 million (CV: 7.02%) individuals in 2015-16, at a mean density of 671 cockles per m? (Table 47).
Based on a similar sampling extent to early surveys, the population estimates were a total 487.01 million
(CV: 8.04%) cockles and a mean density of 801 individuals per m?. The population contained a number
of large cockles (>30 mm shell length), with an estimated 45.43 million (CV: 18.77%) individuals in
this size class. Their mean density was 51 individuals per m?. These current population estimates were
increases from the previous assessment.

Within the cockle population, the proportions of large individuals and of recruits (<15 mm shell length)
remained similar to values in previous surveys; large cockles contributed 6.12% of individuals to the
population in 2015-16, while the proportion of recruits was 23.81% (Table 48, Figure 43). Similarly,
mean and modal sizes remained at 19.88 mm and 20 mm shell length, respectively, close to sizes in the
preceding two surveys. Medium-sized cockles made up a single, strong cohort in the population, with a
consistent unimodal population structure across recent surveys.

Whangateau Harbour is also included in the Hauraki Gulf Forum community monitoring programme
(Auckland Council 2013). The community monitoring uses different survey methods and areas, but
some of findings are comparable to the present study. For example, average cockle densities in recent
community surveys were 448 and 662 cockles per m? in two areas sampled, and the most frequent cockle
sizes were 15 to 25 mm shell length. These values reflected marked reductions for one of the areas (Lews
Bay), which was attributed to a mass mortality event in 2009.

The pipi population in Whangateau Harbour was largely confined to the main channel (stratum E ) (Fig-
ure 44, Table 49). The total population estimate for this species was 15.00 million (CV: 23.20%) pipi in
2015-16, and the corresponding population density was an average of 14 pipi per m? (Table 50). There
was only a small number of large individuals (>50 mm shell length) within the population, with an es-
timated 0.40 million (CV: 9.04%) individuals in this size class. Their mean density was <1 individual
per m?. These population metrics document notable declines in the pipi population since the previous
survey in 2013-14.

Across recent surveys, the large size class consistently contributed few individuals to the total population,
and in 2015-16, 2.68% of all pipi were within this size class (Table 51, Figure 45). In comparison, almost
a third of the pipi population consisted of recruits (<20 mm shell length), although their proportion of
32.19% in 2015-16 was a reduction from previous recent surveys, such as 50.19% in 2013—-14. At the
same time, mean and modal sizes increased to 26.26 mm and 26 mm shell length, respectively. The
pipi population structure remained unimodal, although the single cohort of medium-sized pipi was not
as uniform as in previous assessments.
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Figure 41: Sediment sample locations and characteristics at Whangateau Harbour. 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 C-4).
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3.27 Cockles at Whangateau Harbour
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Figure 42: Map of sample strata and individual sample locations for cockles at Whangateau Harbour, 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 46: Estimates of cockle abundance at Whangateau Harbour, by stratum, for 2015-16. 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 43.0 76 2072 334.88 779 10.35
B 20.9 31 0 0.00 0

C 7.1 15 5 0.68 10 56.06
D 39.5 63 2272 406.88 1030 9.57
E 0.1 62 2 0.00 <1 70.13
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Table 47: Estimates of cockle abundance at Whangateau Harbour for all sizes and large size (>30 mm)
cockles. Columns include the mean total estimate, mean density and coefficient of variation (CV). Asterisk
indicates estimates based on the approximate sampling extent of cockle strata used in previous surveys.

Year  Extent (ha) Population estimate Population > 30 mm
Total (millions) Density (m~?) CV (%) Total (millions) Density (m~2?) CV (%)

2001-02 64.2 253.26 395 6.51 62.36 97 16.17
2003-04 64.2 376.68 587 5.80 56.85 89 12.66
2004-05 64.2 349.04 544 8.52 59.52 93 13.12
200607 64.2 266.04 415 8.24 35.20 55 21.91
2009-10 64.5 230.55 357 7.16 16.16 25 25.71
2010-11 64.2 239.27 373 5.06 19.77 31 16.19
2012-13 64.2 363.72 567 5.87 30.84 48 14.67
2013-14 110.9 730.89 659 5.70 44.50 40 13.45
2013-14* 60.8 417.17 686 6.13 18.64 31 18.25
2015-16 110.7 742.44 671 7.02 45.43 51 18.77
2015-16* 60.8 487.01 801 8.04 23.35 38 31.15

Table 48: Summary statistics of the length-frequency (LF) distribution of cockles at Whangateau Harbour.
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.

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

2012-13  20.28 20 3-39 22.70 8.48
2013-14  19.97 20 544 24.64 6.09
2015-16  19.88 20 444 23.81 6.12

2012-13 2013-14 2015-16

Proportion

10 20 30 40
Length (mm)

Figure 43: Weighted length-frequency (LF) distribution of cockles for the present and previous surveys
at Whangateau Harbour. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large
individuals, respectively.
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3.28 Pipi at Whangateau Harbour
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Figure 44: Map of sample strata and individual sample locations for pipi at Whangateau Harbour, 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 49: Estimates of pipi abundance at Whangateau Harbour, by stratum, for 2015-16. Presented are
the number 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 43.0 76 7 1.13 3 86.71
B 20.9 31 0 0.00 0

C 7.1 15 2 0.27 4 >100

D 39.5 63 72 12.89 33 25.8

E 0.1 62 1074 0.71 495 8.28
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Table 50: Estimates of pipi abundance at Whangateau Harbour for all sizes and large size (>50 mm) pipi.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

Year

2001-02
2003-04
2004-05
2006-07
2009-10
2010-11
2012-13
2013-14
2015-16

Extent (ha)

64.2
64.2
64.2
64.2
64.5
64.2
64.2
110.9
110.7

Population estimate

Population > 50 mm

Total (millions)

1.83
0.48
6.85
10.56
17.58
9.31
19.58
55.39
15.00

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

3 31.83
<1 10.18
11 22.46
16 33.78
27 33.35
15 17.74
30 16.89
50 26.92
14 23.20

0.31 <1 >100
0.42 212 9.85
0.58 1 9.72
0.05 <1 >100
0.11 <1 >100
1.57 2 22.52
0.60 2 42.05
0.68 <1 24.04
0.40 <1 9.04

Table 51: Summary statistics of the length-frequency (LF) distribution of pipi at Whangateau Harbour.
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

2012-13
2013-14
2015-16

2012-13

Mean

19.86
21.22
26.26

Mode Range Recruits (%)

12 7-67 62.16

21 7-69 50.19

26 9-67 32.19
2013-14

Large size (%)

3.06
1.23
2.68

2015-16
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Figure 45: Weighted length-frequency (LF) distribution of pipi for the present and previous surveys at
Whangateau Harbour. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large
individuals, respectively.
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3.29 Whitianga Harbour

Whitianga Harbour is on the eastern side of Coromandel Peninsula. This site was added to the survey
series in 2012-13, and the initial assessment was the only survey that preceded the current study (see
Appendix A, Tables A-1, A-2). The previous survey focused on pipi only, in an area along the entrance
channel and the beach outside the harbour. The present study focused on the same pipi bed, and also as-
sessed cockles in an area on the intertidal mudflat adjacent to the harbour channel (Figure 46, Table 52).
Cockles in this latter area have been regularly sampled as part of the Hauraki Gulf Forum community
monitoring programme (e.g., Auckland Council 2013). Sampling in the present study in 2015-16 in-
volved 95 sampling points across both strata.

Sediment samples across the cockle stratum revealed a similar organic content of about 3% in most
samples (Figure 46, and see details in Appendix C, Table C-4). The proportion of fines (<63 pm grain
size) varied between none and 6.8%, with most of the sediment consisting of fine sand (>250 pm grain
size). Varying proportions of gravel (>2000 pm grain size) were present in all samples, and the highest
proportion of this grain size was 11.8%.

The cockle population at Whitianga Harbour was restricted to stratum B (Figure 47, Table 52). The
total population estimate for this species was 51.98 million (CV: 9.16%) individuals. Cockles occurred
at an average density of 852 individuals per m? (Table 53). There were no large cockles (>30 mm
shell length), and most of the population consisted of recruits (<15 mm shell length), with 66.41% of
cockles in this size class in 2015-16 (Table 54, Figure 48). The prevalence of recruits was reflected in
the population structure, which consisted of a unimodal population of recruits and small individuals at a
modal size of 15 mm shell length. The mean shell length was 13.76 mm.

Although the Hauraki Gulf Forum community monitoring programme uses different methods, the current
findings are consistent with data from the community monitoring (Auckland Council 2013). The latter
programme regularly surveys cockles in this area at Whitianga Harbour, with documented population
densities ranging between 464 and 1081 individuals per m2. Cockle sizes recorded in the community
monitoring programme ranged from 10 to 20 mm shell length, in a unimodal population with a modal
size of 15 to 20 mm shell length and few large individuals.

Pipi at Whitianga Harbour were distributed throughout stratum A, at the harbour entrance (Figure 49,
Table 55). There were an estimated 6.36 million (CV: 18.17%) pipi, in the total population, and the aver-
age population density was 104 pipi per m? (Table 56). These estimates were markedly lower (i.e., less
than half) than total population estimates in the previous survey in 2012—13. Although the current estim-
ates were based on smaller sampling extent, the boundaries of stratum A were defined by the boundaries
of the pipi bed in this area.

There were an estimated 1.91 million (CV: 22.66%) large pipi (>50 mm shell length) included in the
population, similar to the preceding abundance estimate. Their corresponding density slightly increased
to 31 large individuals per m?. In view of the small total abundance, large pipi constituted 30.03% of the
total population (Table 57). At the same time, the proportion of recruits (<20 mm shell length) was small
at 2.41%. In comparison, in 2012-13, large pipi and recruits made up 10.68% and 21.85% of the total
population, respectively. The population structure at this site underwent a corresponding shift between
the two surveys: mean and modal sizes increased to 45.13 mm and 46 mm shell length, respectively, and
the population structure changed from a bimodal to a unimodal population (Figure 50).
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Figure 46: Sediment sample locations and characteristics at Whitianga Harbour. 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 C-4).
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3.30 Cockles at Whitianga Harbour
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Figure 47: Map of sample strata and individual sample locations for cockles at Whitianga Harbour, 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 52: Estimates of cockle abundance at Whitianga Harbour, by stratum, for 2015-16. 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 1.7 38 1 0.01 <1 >100
B 4.4 57 2353 51.97 1179 9.16

Table 53: Estimates of cockle abundance at Whitianga Harbour for all sizes and large size (=30 mm) cockles.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

. . >
Year Extent (ha) Population estimate Population > 30 mm
Total (millions) Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)

2015-16 6.1 51.98 852 9.16 0.00 0
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Table 54: Summary statistics of the length-frequency (LF) distribution of cockles at Whitianga Harbour.
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.

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

2015-16 13.76 15  5-26 66.41 0.00

2015-16
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Figure 48: Weighted length-frequency (LF) distribution of cockles for the present survey at Whitianga Har-
bour. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals, respect-
ively.
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3.31 Pipi at Whitianga Harbour
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Figure 49: Map of sample strata and individual sample locations for pipi at Whitianga Harbour, 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 55: Estimates of pipi abundance at Whitianga Harbour, by stratum, for 2015-16. Presented are
the number 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 1.7 38 497 6.34 374 18.23
B 4.4 57 1 0.02 <1 >100

Table 56: Estimates of pipi abundance at Whitianga Harbour for all sizes and large size (>50 mm) pipi.
Columns include the mean total estimate, mean density and coefficient of variation (CV).

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

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

2012-13 7.1 18.65 263 18.39 1.99 28 22.27
2015-16 6.1 6.36 104 18.17 1.91 31 22.66
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Table 57: Summary statistics of the length-frequency (LF) distribution of pipi at Whitianga Harbour. 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  34.38 36 3-68 21.85 10.68
2015-16 45.13 46 8-62 241 30.03
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Figure 50: Weighted length-frequency (LF) distribution of pipi for the present and previous surveys at Whi-
tianga Harbour. Vertical dotted and dashed lines indicate the cut-off sizes for recruits and large individuals,
respectively.
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4. COCKLE ABUNDANCE AND SEDIMENT VARIABLES

Sample-level analysis of cockle abundance in relation to sediment characteristics suggested that none of
the three sediment variables included in the analysis (organic content, proportions of fines and gravel)
were significantly correlated with cockle abundance (Table 58). Both the combined model (Equation 3)
and the random slope models (Equation 5) suggested considerable uncertainty about the relationship
between sediment variables and cockle abundance for both large and all cockle sizes, reflecting contra-
dictory site-level relationships between sediment and cockle samples (Figures 51, 52). Nevertheless, it
was also evident that for the proportions of fines and gravel, individual data points with high proportions
of the respective variable had a large impact on regression slopes at individual sites (e.g., proportions of
fines and gravel at Pataua Estuary; Figure 51).

Table 58: Estimates of regression coefficients and 95% credible intervals for the combined generalised linear
mixed model (combined; Equation 3) and single-variable analyses with random slopes (organic content,
proportion of fines, and proportion of gravel; see Equation 5), for total cockles and large (> 30 mm shell
length) cockles.

Organic content Fines Gravel

Model

Estimate 0.25% 0.975% Estimate 0.25% 0.975%  Estimate 0.25% 0.975%
Combined -0.10 -0.30 0.11 0.16 -0.05 0.36 0.00 -0.28 0.28
Combined, large cockle 0.07 -0.26 0.40 -0.18 -0.54 0.19 -0.08 -0.57 0.41
Organic content 0.28 -0.27 0.83
Organic content, large cockle -0.24 -0.88 0.41
Fines 0.26 -0.07 0.59
Fines, large cockle 0.10 -0.52 0.71
Gravel -0.40 -1.25 0.45
Gravel, large cockle 0.01 -0.46 0.48

The measurement error model relating stratum mean densities to mean sediment characteristics suggested
that total cockle abundance was decreasing with increases in all three variables (Figures 53, 54, 55); the
expected numbers of cockles per sample were lower with increases in mean gravel concentration (Sgravel
= —0.54, 95% highest posterior density (HPD) interval: —1.12, —0.04). This negative relationship was
found to be the most certain correlation of cockle numbers with sediment variables (P(Bgravel > 0) = 0.01).
For the proportion of fines and organic content, the parameter estimate for the regression coefficient /3
was also negative, with Sgpes = —0.27 (HPD interval: —0.98, 0.93) and Byrganic = —0.90 (HPD interval:
—-2.39, 0.62), respectively, suggesting a negative association, albeit with lower certainty (P(5fines > 0) =
0.27 and P(Borganic > 0) = 0.11, respectively).

Large cockle abundance was inversely related to gravel and organic content (Figures 53, 54, 56): large
cockles decreased per sample with increases in the mean proportion of gravel (Bgravel = —0.18, HPD
interval: —0.71, 0.37), but this relationship was uncertain (P(Bgravel > 0) = 0.24). The parameter estimate
for the proportion of organic content was also negative, with 8yganic =—1.01 (HPD interval: —3.54, 1.30).
The effect size (i.e., the magnitude of ) for this relationship was larger than for gravel, but still with
relatively low certainty in the effect itself (P(Borganic > 0) = 0.15). There was, however, a relatively
strong and consistent positive relationship (P(Banes > 0) = 0.93) for large cockles with the proportion of
sediment fines, with Bgnes = 1.04 (HPD interval: —0.50, 2.22).
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Figure 51: Sediment characteristics (organic content, proportion of fines, and proportion of gravel) and
number of cockles in each sample. Regression lines relate to the two variables at each of the 2015-16 survey

sites.
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Figure 52: Sediment characteristics (organic content, proportion of fines, and proportion of gravel) and
number of large (> 30 mm shell length) cockles in each sample. Regression lines relate to the two variables

at each of the 2015-16 survey sites.
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Figure 53: Markov Chain Monte Carlo (MCMC) iterations for the 5 parameter for total cockles (top) and
for large (>30 mm shell length) cockles (bottom) from independent MCMC chains.
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Figure 54: Estimates of posterior densities for the regression relationship with coefficient 5 between estim-
ated mean sediment variables (proportion of fines (silt and clay <63 pm), organic content, and proportion
of gravel (>2000 pm) and expected number of total cockles (top) and large (>30 mm shell length) cockles
(bottom) per sample.
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Figure 55: Estimates of the expected number of cockles per sample (adjusted to remove site-differences not
due to sediment, i.e., site level random effects) in relation to proportion of fines (silt and clay, <63 pm),
organic content, and gravel (>2000 pm) per stratum at the 2015-16 survey sites. The black line shows the
posterior median of the linear predictor (model fit) and grey shading the interquartile range of the posterior
distribution.
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Figure 56: Estimates of the expected number of large (> 30 mm shell length) cockles per sample (adjusted to
remove site-differences not due to sediment, i.e., site-level random effects) in relation to proportion of fines
(silt and clay <63 pm), organic content, and gravel (>2000 pm) per stratum at the 2015-16 survey sites. The
black line shows the posterior median of the linear predictor (model fit) and grey shading the interquartile
range of the posterior distribution.
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5. SUMMARIES
5.1 Cockle populations

Ten of the 2015—16 survey sites supported cockle populations, whereas Cheltenham Beach and Marokopa
Estuary only contained low numbers of cockles, preventing reliable population estimates (i.e., the CV
values exceeded 60%). At the remaining sites, cockle population estimates were robust, indicated by
CV values generally well below 20%. Across these sites, total cockle population sizes ranged from an
estimated 23.01 million (CV: 14.33%) individuals at Ohiwa Harbour to the highest population estimate
of 742.44 million (CV: 7.02%) cockles at Whangateau Harbour (Table 59). Population estimates were
also comparatively high at Pataua Estuary with an estimated 380.13 million (CV: 7.58%) cockles, and
at Umupuia Beach, where total abundance was estimated at 98.88 million (CV: 15.93%) cockles in
2015-16.

Although it is difficult to compare population parameters across sites owing to differences in habitat
characteristics and sampling areas, population densities provide some indication of the size of the bivalve
beds targeted by non-commercial fishing. Cockle densities were high at two sites, Bowentown Beach
and Pataua Estuary with 1799 cockles per m? and 1368 cockles per m?, respectively. All other sites with
cockle populations (i.e., excluding Cheltenham Beach and Marokopa Estuary) supported lower densities,
ranging from 136 cockles per m? (Cockle Bay) to 852 cockles per m? (Whitianga Harbour).

Most populations contained some large cockles (>>30 mm shell length), and their numbers were relatively
high at five sites, ranging from 4.89 million (CV: 29.68%) individuals at Pataua Estuary to the largest
population of 45.43 million (CV: 18.77%) large cockles at Whangateau Harbour. Their corresponding
densities were highest at Umupuia Beach and Cockle Bay (128 and 98 individuals per m?, respectively),
with markedly lower densities at the other sites (2 to 51 cockles per m?). At both Umupuia Beach and
Cockle Bay, the large size class made up a substantial part of the total population, whereas it contributed
relatively few individuals at other sites.

Cockle density estimates for individual strata documented a consistent pattern across recent surveys, in-
cluding the present study (Figure 57). Frequency distributions of estimated cockle densities within strata
were generally unimodal throughout the survey series, determined by strata with less than 500 individu-
als per m?. Strata that supported higher cockle densities were considerably less frequent, and lacking in
some years. Since 201011, there has been an increase in the proportion of strata with higher densities,
including densities of 2000 (and more) cockles per m? such as in 2015-16.

Length-frequency distributions of cockle populations at the survey sites included in this study showed
a decrease in the number of large cockles over time (Figure 58). Throughout the survey series, length
frequency distributions were unimodal, dominated by medium-sized cockles, while recruits (<15 mm
shell length) and large cockles (>30 mm shell length) were also present in the population. Since 2005-06,
there has been a decline in the latter size class, with considerably fewer large individuals in subsequent
surveys. This finding indicates that the strong cohort of medium-sized cockles did not contribute large
individuals to the population. Instead, there was a general shift towards smaller-sized cockles in recent
surveys, with an increase in the number of recruits.

Time-series comparisons of large cockle densities highlighted differences across sites, and also con-
firmed the overall decrease in large individuals over time (Figure 59). Although this size class showed
some fluctuation throughout the survey series, there was a decline in the density of large cockles at each
site, at least once in the reporting period. This decline was most pronounced at sites that initially suppor-
ted high densities of large individuals. For example, at Tairua Harbour, the large size class underwent a
decrease from over 400 individuals per m? in 1999-2000 to about 100 individuals per m? in 2001-02,
and the decline of large cockles continued to a density of 4 individuals per m? in 2015-16. Other sites
with low densities of large cockles (i.e., less than 20 individuals per m?) in 2015-16 included Bowentown
Beach, Little Waihi Estuary, Ohiwa Harbour, and Pataua Estuary. Large cockle densities at these sites
remained similarly low as the preceding estimates, except for Ohiwa Harbour, where the current estimate
was an increase from the two preceding assessments.
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There were two other sites with small increases in the estimated densities of large cockles, Okoromai Bay
and Whangateau Harbour. Although the increases were not significant, they potentially indicate some
sign of recovery, particularly at Whangateau Harbour, where the current estimate reflected a continuing
trend. In contrast, at Cockle Bay and Umupuia Beach the estimated densities of large cockles decreased
in 2015-16, and for the former site, this trend was a continuation from the previous assessment. Both
Cockle Bay and Umupuia Beach have had substantial increases in large cockle densities since 2009-10,
but this increase was followed by declining estimates at Cockle Bay, whereas estimates have remained
similar at Umupuia Beach in recent surveys.

Table 59: Estimates of cockle abundance for all sites where more than ten cockles were found in the 2015-16
survey. For each site, the table includes the estimated mean number, the mean density, and coefficient of
variation (CV) for all cockles (Total) and for large cockles (>30 mm shell length).

. Population estimate Population >30 mm
Survey site
Total (millions) Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)
Bowentown Beach 26.95 1799 5.17 0.03 2 34.77
Cheltenham Beach 1.60 5 66.48 0.23 <1 >100
Cockle Bay 21.46 136 8.48 15.37 98 10.77
Little Waihi Estuary 30.40 165 12.74 0.26 2 51.69
Marokopa Estuary 0.07 3 62.90 0.00 0
Ohiwa Harbour 23.01 683 14.33 0.26 10 30.87
Okoromai Bay 34.78 175 19.45 8.48 43 19.44
Pataua Estuary 380.13 1368 7.58 4.89 18 29.68
Tairua Harbour 57.22 700 10.46 0.37 4 43.97
Umupuia Beach 98.88 292 15.93 39.12 128 10.61
Whangateau Harbour 742.44 671 7.02 4543 51 18.77
Whitianga Harbour 51.98 852 9.16 0.00 0
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Figure 59: Estimated density of large cockles (=30 mm shell length) for all sites where cockles in this size
class were present in at least one survey. For each site, the figure shows the mean estimated density of large
cockles across years within each year’s survey strata, bars indicate 95% credible interval.(Note different
scales on the y-axes.)
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5.2 Pipi populations

Pipi populations were present at eight of the 2015—16 survey sites, and estimates for all but one population
had CV values below 20% (Table 60). The exception was at Whangateau Harbour, where the patchy
occurrence of pipi on the intertidal mudflat led to a higher CV for the pipi population estimates. A
number of sites supported relatively large pipi populations, and abundance estimates ranged from a total
population size of 0.15 million (CV: 16.6%) pipi at Bowentown Beach to the largest population estimate
of 83.84 million (CV: 16.62%) pipi at Little Waihi Estuary.

The highest pipi population density was at Ohiwa Harbour with an estimated 1225 pipi per m? (CV:
12.1%). The next highest density estimate was at Little Waihi Estuary, with 456 pipi per m? (CV:
16.62%), and estimates at Marokopa Estuary and Tairua Harbour were slightly lower, with 333 pipi per
m? (CV: 11.26%) and 327 pipi per m? (CV: 15.64%), respectively. Density estimates at the other sites
were lower, with 104 pipi per m? at Whitianga Harbour, and less than 25 pipi per m? at the remaining
sites, Bowentown Beach, Pataua Estuary, and Whangateau Harbour.

Except for pipi at Marokopa Estuary, all of the populations included some large individuals (>50 mm
shell length), but estimates of this size class were generally low. The exception was Ohiwa Harbour,
where the abundance estimate for large pipi was 3.70 million (CV: 18.37%) individuals. Their density
at this site was also relatively high with 110 large pipi per m?.

Population estimates for large pipi were also comparatively high at Little Waihi Estuary and Whitianga
Harbour, with a total of 2.35 million (CV: 43.62%) individuals and 1.91 million (CV: 22.66%) individu-
als, respectively. Corresponding densities for large pipi at these sites were 13 large pipi per m? at Little
Waihi Estuary, and 31 large pipi per m? at Whitianga Harbour. Densities at the other sites were low,
ranging between <1 and 5 pipi per m?. Overall, the large pipi size class contributed few individuals to
the populations across sites, with the exception of Whitianga Harbour, where large pipi made up about
a third of the resident population.

Estimated pipi densities within individual strata revealed similar frequency distributions across surveys,
characterised by low pipi densities, not exceeding 500 individuals per m? (Figure 60). In addition to this
prevalence of low-density strata, some assessments included strata with higher pipi densities, evident in
the bimodal frequency distributions at those times (e.g., in 2006—07). Strata with higher pipi densities
were consistently documented in the three most recent surveys, including the present study. The latter
included strata with estimated pipi densities of over 7000 individuals per m?, although a significant
proportion of strata contained less than 2000 pipi per m?.

The recent increases in strata with high density estimates were accompanied by a marked shift in the
length-frequency distributions of the pipi populations towards smaller shell lengths (Figure 61). In early
assessments, the pipi population structure at the survey sites was generally unimodal, determined by
medium-sized to large pipi (>50 mm shell length) and a small number of recruits (<20 mm shell length).
Large individuals were sufficiently frequent to be evident as a second cohort in a number of surveys.
Since 2006—07, the number of recruits has increased, with a concomitant decrease in the number of
large individuals. These changes resulted in pipi populations that contained smaller-sized individuals,
including high numbers of recruits forming distinct cohorts in a bimodal population structure in 2012—13
and 2015-16. In 2015-16, this cohort was markedly stronger than the second cohort of medium-sized
pipi, and there were few large individuals.

Five of the six sites that included large pipi at least once in the survey series showed a decline in their
estimated densities over time (Figure 62). Time-series data highlighted considerable differences across
sites, but all current density estimates of large pipi were low, except for the population at Ohiwa Harbour.
This site also contained the only pipi population that showed a current increase in the estimated density of
large pipi within strata. At Ohiwa Harbour, the density estimate of this size class increased notably from
the previous survey, exceeding 100 large individuals per m? in 2015-16. Data from the two surveys at
Whitianga Harbour showed similar density estimates between surveys of about 30 large pipi per m?. At
the other sites, large pipi were scarce, with estimated densities of <1 individuals per m? to 13 individuals
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per m?. For both Little Waihi Estuary and Pataua Estuary, these low estimates reflected further declines
from previous assessments, whereas density estimates continued to be low at Tairua and Whangateau
harbours. At the latter site, there have been few large pipi since their significant decline in 200304,
whereas the decrease in estimated densities of large pipi at Tairua Harbour has been more gradual, starting
in 2005-06.

Table 60: Estimates of pipi abundance for all sites on which more than ten pipi were found in the 2015-16
survey. For each site, the table includes the estimated mean number, the mean density, and coefficient of
variation (CV) for all pipi (Total) and for large pipi (=50 mm shell length).

. Population estimate Population >50 mm
Survey site
Total (millions) Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)
Bowentown Beach 0.15 10 16.6 0.01 <1 72.82
Cockle Bay 0.11 <1 >100 0.00 0
Little Waihi Estuary 83.84 456 16.62 2.35 13 43.62
Marokopa Estuary 8.62 333 11.26 0.00 0
Ohiwa Harbour 41.26 1225 12.1 3.70 110 18.37
Pataua Estuary 6.45 23 14.67 0.19 <1 79.86
Tairua Harbour 26.71 327 15.64 0.38 5 39.85
Whangateau Harbour 15.00 14 232 0.40 <1 9.04
Whitianga Harbour 6.36 104 18.17 1.91 31 22.66
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Figure 62: Estimated density of large pipi (=50 mm shell length) for all sites where pipi in this size class
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6. DISCUSSION

The sites included in the current assessment represented a range of coastal environments, such as open
beaches, sheltered intertidal bays, and estuaries influenced by river input. All of the sites supported
bivalve populations, and cockles were sampled at ten sites, while pipi were surveyed at eight sites. Most
sites have been regularly monitored over the 17-year reporting period, including five surveys at Cockle
Bay and Pataua Estuary, six surveys at Ohiwa Harbour, nine surveys at Little Waihi Estuary, Tairua and
Whangamata harbours, ten surveys at Okoromai Bay, and 13 surveys at Umupuia Beach. Marokopa
Estuary and Bowentown Beach were sampled less frequently, with three and four bivalve assessments,
respectively. Whitianga Harbour was surveyed for the second time in 2015-16, after the initial survey
in 2012-13. At Cheltenham Beach, the current study provided the first assessment in the survey series
since 1998-99. At the other sites, previous assessments were more recent, either in 2012—13 or 2013-14,
except for Marokopa Estuary, where the most recent, previous survey was conducted in 2010-11.

Throughout the survey series, the data collection at each site has focused on intertidal areas that have
been identified as important for recreational and customary fisheries. Once these areas are identified,
individual surveys generally rely on the same designated sampling areas used in previous assessments to
allow comparisons over time. In the current study, on-site information identified changes in the spatial
distribution of bivalve populations at some sites, leading to changes in the sampling extent in 2015-16.

For cockle population estimates, another change to the sampling extent involved re-stratification of areas
that predominantly target cockles, at sites where high-resolution spatial information was available (see
detailed information in Appendix B). Bivalve surveys since 2013—14 have included GPS positions for
individual sampling points, and current sites that were part of these recent surveys were Cockle Bay,
Little Waihi Estuary, Okoromai Bay, Pataua Estuary, Tairua Harbour, Umupuia Beach, and Whangateau
Harbour (see, Berkenbusch et al. 2015). Based on detailed spatial information and corresponding cockle
population data, the sampling extent at these sites was re-stratified in an attempt to optimise the sampling
effort and improve population estimates (e.g., reducing CV values). This update meant that the overall
size and location of the sampling extent remained unchanged, but individual strata within it were re-
defined.

In general, the re-stratification succeeded in lowering the CV values of cockle population estimates at
all but one site (Okoromai Bay). As the current re-stratification was based on only one year of data,
it is likely that additional information from this study and subsequent surveys will further improve re-
stratification efforts in the future. For example, high-resolution data for multiple years at a site will allow
future stratification efforts to incorporate interannual variability in the cockle population data.

Other changes to the cockle sampling involved the upshore movement of one of the cockle strata at Ohiwa
Harbour, and inclusion of a cockle stratum at Whitianga Harbour. At Ohiwa Harbour, the sideways shift
of the cockle stratum was necessitated by the movement of the channel adjacent to it, which submerged
the previous stratum area. The current sampling of the newly designated stratum in the directly adja-
cent area confirmed that cockles had moved to the intertidal part of the channel edge. At Whitianga
Harbour, the cockle stratum included in the present study covered the same area regularly surveyed by
the Hauraki Gulf Forum community monitoring programme, facilitating comparisons between the two
different survey series.

For pipi population estimates, changes to the sampling extent mostly related to the position and size of
the pipi beds, which usually occur in physically-dynamic areas, such as tidal channels and high-flow
subtidal sediments. Physical changes to these habitats can lead to shifts in the spatial distribution of this
species, requiring adjustments to strata targeting pipi. In addition, as their general habitat preference
extends into subtidal waters, the intertidal sampling of this survey series may only access parts of the
pipi populations, so that the total population size remains unknown.

Changes to the pipi strata in 201516 affected the data collection at Ohiwa Harbour, Pataua Estuary,
Tairua Harbour, Whangateau Harbour and Whitianga Harbour. Most of the changes were comparatively
small changes in the spatial extent of pipi beds, e.g., at Pataua Estuary and Whangateau Harbour. At
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other sites, some of the previously-sampled pipi beds had changed in their spatial extent or disappeared,
including Ohiwa, Tairua, and Whitianga harbours. At Marokopa Estuary, the spatial distribution of pipi
had remained largely unchanged since the preceding survey in 2010—11, with the pipi beds restricted to
shallow subtidal waters in the main channel.

Considering the current estimates in the context of the survey series showed that estimated population
parameters for both species were consistent with values recorded throughout the reporting period. Never-
theless, there were some marked changes in some of the cockle and pipi populations between the current
study and the immediately preceding assessment. For cockles, these changes included marked increases
in the population estimates at Ohiwa Harbour and Okoromai Bay between 2013—14 and 2015-16, in-
cluding the estimates for large cockles. Over the same period, there were notable declines in the cockle
populations at Cockle Bay, Umupuia Beach and Tairua Harbour. The population decreases at these sites
were in part due to decreases in the populations of large cockles (>30 mm shell length).

For pipi, there was a notable increase in the population estimates at Marokopa Estuary since the preceding
survey in 2010-11. In contrast, pipi populations underwent significant decreases at Little Waihi Estuary,
Pataua Estuary, Tairua Harbour, Whangateau Harbour (between 2013—14 and 2015-16), and Whitianga
Harbour (between 2012—13 and 2015-16). Declines in the numbers of large pipi (>50 mm shell length)
contributed to the overall population declines at these sites.

The reason/s for the recent changes in cockle and pipi populations are unknown. Some of the recent
population declines (including large cockles) occurred at sites that have fishery restrictions in place.
For example, Cheltenham Beach has been closed to the collection of shellfish since 1992. Inspite of this
closure, bivalve populations continued to decline, with no signs of recruitment or recovery throughout the
1990s (Morrison & Browne 1999, Morrison et al. 1999). In 2015-16, cockle and pipi populations (and
other large bivalves) continued to be absent at this site. At Cockle Bay, Umupuia Beach and Whangateau
Harbour, seasonal or permanent closures prohibit the collection of bivalves. At the two former sites, the
introduction of fishery closures in 2008 led to initial increases in the cockle population estimates. For
the cockle population at Cockle Bay, the recent decreases reflect a continuing decline since 2009—-10. In
contrast, there have been consistent increases in the cockle population size at Umupuia Beach, with the
current estimates reflecting the smallest cockle population size since 2010-11.

The declines in large individuals at some sites tentatively suggest that fishing pressure may contribute
to the observed decreases. Nevertheless, fishing is only one of the factors that potentially influence
bivalve populations, which are also determined by population dynamics, environmental variables, and
habitat properties. As there are no data available of the number and sizes of bivalves taken at any of the
survey sites, the lack of information prevents an examination of the role of fishing for the cockle and
pipi populations. In addition, for pipi, some of the population changes between surveys at Whangateau
Harbour (and elsewhere) could be caused by changes in the spatial distribution of the pipi beds. Changes
to the channels inhabited by pipi, and shifts into deeper water by this species may lead to changes in the
proportion of the population that is available to the intertidal sampling, affecting the population estimates.

Most of the populations in 201516 contained some large individuals, although this size class only made
up a small proportion of the population at most sites. The time-series data indicated that for most sites,
strong cohorts of small and medium-sized individuals did not subsequently contribute to the large bivalve
size class. Large individuals are considered to be preferentially targeted in fishing activities, and it is
unknown if low numbers of large cockles and pipi lead to the collection of smaller-sized individuals, or
if other factors (e.g., predation, limited food supply) prevent the smaller size classes from exceeding the
large-size thresholds applied in this survey series.

The current study also involved sediment sampling within cockle strata to examine the relationship
between cockle abundance and sediment properties, including organic matter content and the propor-
tions of fines (<63 pm grain size) and gravel (>2000 um grain size). Findings from the data modelling
showed that cockle abundances decreased with increases in the three sediment variables at the stratum
level, but these relationships were tentative only. The strongest correlation (i.e., with the lowest uncer-
tainty) was between cockle abundance and the proportion of gravel. This size fraction showed consid-
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erable variation within and across sites, with a maximum proportion of this grain size fraction of 77.0%
(at Pataua Estuary). In comparison, the proportion of sediment fines was low, although values were high
at some sites, including a maximum proportion of 28.8% (at Cockle Bay). Sediment organic content
showed less variation, and was generally low across all sampling points (i.e., below 5%). Overall the
relationships between cockle abundance and the measured sediment variables were uncertain, which in
part can be explained by the high variability in the sediment data combined with relatively limited data
(i.e., only one-off sampling). As more data become available, the sediment modelling will be better
informed, providing less uncertainty in the outcome, including the potential to explore other analysis ap-
proaches such as multivariate statistics, quantile regressions, and maximum-density models (e.g., Thrush
et al. 2003). In view of the current findings and the effort involved in the sediment sampling, subsequent
efforts may be targeted to establish a collection of baseline data to include all sites that are part of the
northern North Island survey series. Once established, future sediment sampling may then focus on spe-
cific sites and times following specific events (such as sedimentation from urban development), and be
used in Before-After-Control-Impact type assessments involving comparisons with baseline data.
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Table A-2: Sampling dates and size of the sampling extent for sites included in the northern North Island
bivalve surveys since 199900, including the present survey in 2015-16. Surveys are ordered by site and
year.

Survey site Year Sampling dates Sampling extent (ha) Project
Aotea Harbour 2005-06 17 Jan—18 Jan 9.60 AKI2005-01
2009-10 26 Mar-13 Jul 28.10 AKI2009-01
2014-15 19 Feb 19.46 AKI2014-01
Bowentown Beach 2001-02 26 Apr-25 May 1.58 AKI2001-01
2010-11 18 Mar 1.58 AKI2010-01
2012-13 8 Feb 1.58 AKI2012-01
2015-16 20 Jan 1.50 AKI2015-01
Cheltenham Beach 2015-16 14 Jan 31.92 AKI2015-01
Clarks Beach 2004-05 3 Feb—24 Feb 144.71 AKI2004-01
Cockle Bay 2009-10 16 Feb 16.00 AKI2009-01
2010-11 5 May 16.00 AKI2010-01
2012-13 31 Jan 16.00 AKI2012-01
2013-14 29 Mar 15.77 AKI2013-01
2015-16 18 Jan 15.77 AKI2015-01
Cornwallis Wharf 2001-02 26 Mar—20 Apr 2.65 AKI2001-01
Eastern Beach 1999-00 15 May—30 Jun 48.00 AKI1999-01
2001-02 14 Mar—16 Apr 43.38 AKI2001-01
2014-15 27 Jan—18 Feb 41.42 AKI2014-01
Grahams Beach 2006-07 20 Apr 24.75 AKI2006-01
2010-11 17 May 25.15 AKI2010-01
2012-13 11 Mar 20.06 AKI2012-01
2013-14 28 Mar 26.76  AKI2013-01
Howick Harbour 2005-06 23 Dec—24 Jan 6.90 AKI2005-01
Kawakawa Bay (West) 2004—05 5 Feb—8 Apr 60.37 AKI2004-01
2006-07 19 Apr 62.94 AKI2006-01
2014-15 17 Feb-25 Feb 60.90 AKI2014-01
Little Waihi Estuary 2000-01 21 Mar-31 Mar 3.00 AKI2000-01
2002-03 30 Jan—1 Feb 3.00 AKI2002-01
2003-04 7 Jan—19 Jan 3.12  AKI2003-01
2004-05 14 Jan—15 Jan 3.75 AKI2004-01
200607 15 Jun-28 Jun 3.16 AKI2006-01
2009-10 2 Mar 13.92 AKI2009-01
2012-13 10 Feb 15.42 AKI2012-01
2013-14 19 Mar—20 Mar 17.09 AKI2013-01
2015-16 8 Feb-11 Feb 18.38 AKI2015-01
Mangawhai Harbour 1999-00 23 Mar—30 Jun 9.40 AKI1999-01
2000-01 29 Jan-31 Jan 8.40 AKI2000-01
2001-02 15 Mar—14 Apr 8.40 AKI2001-01
2002-03 1 Jan-31 Jan 8.40 AKI2002-01
2003-04 1 Jan-31 Jan 8.40 AKI2003-01
2010-11 24 Mar—15 Apr 9.00 AKI2010-01
2014-15 21 Jan-22 Jan 8.55 AKI2014-01
Marokopa Estuary 2005-06 18 Feb—20 Feb 2.35 AKI2005-01
2010-11 16 May 2.35  AKI2010-01
2015-16 12 Feb-13 Feb 2.58 AKI2015-01

Continued on next page
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Table A-2 — Continued from previous page

Survey site Year Sampling dates  Sampling extent (in ha) Project
Marsden Bank 2009-10 13 Nov 11.51 1PA2009-12
2012-13 12 Dec 6.31 AKI2012-01
2013-14 2 Feb 15.43 AKI2013-01
Mill Bay 1999-00 4 May-30 Jun 4.60 AKI1999-01
2000-01 20 Feb-23 Feb 4.80 AKI2000-01
2001-02 20 Mar—22 Apr 4.50 AKI2001-01
2003-04 26 Jan—28 Jan 4.50 AKI2003-01
2004-05 24 Dec—24 Jan 4.50 AKI2004-01
2005-06 20 Dec—24 Dec 4.50 AKI2005-01
2009-10 13 May 4.95 AKI2009-01
2014-15 26 Feb 4.88 AKI2014-01
Ngunguru Estuary 2003-04 6 Mar—7 Mar 1.70 AKI2003-01
2004-05 6 Feb—7 Feb 1.80 AKI2004-01
2010-11 23 Mar 1.80 AKI2010-01
2014-15 23 Jan—24 Jan 5.46 AKI2014-01
Ohiwa Harbour 2001-02 9 Apr—11 Apr 2.25 AKI2001-01
2005-06 25 Feb-26 Feb 2.70  AKI2005-01
2006-07 13 Jun—29 Jun 5.70  AKI2006-01
2009-10 3 Mar 2.10 AKI2009-01
2012-13 9 Feb-15 Mar 2.63 AKI2012-01
2015-16 9 Feb-10 Feb 3.37 AKI2015-01
Okoromai Bay 1999-00 19 Apr—24 Apr 20.00 AKI1999-01
2001-02 8 Apr—12 Apr 24.00 AKI2001-01
2002-03 26 Dec—29 Dec 20.00 AKI2002-01
2003-04 17 Mar-20 Mar 20.00 AKI2003-01
2004-05 15 Jan—16 Jan 20.00 AKI2004-01
2006-07 20 Mar 20.00 AKI2006-01
2009-10 17 Feb 20.00 AKI2009-01
2012-13 30 Jan 20.00 AKI2012-01
2013-14 31 Mar 19.84 AKI2013-01
2015-16 11 Jan 19.84 AKI2015-01
Otumoetai Harbour 2000-01 27 Mar-2 Apr 5.60 AKI2000-01
2002-03 3 Mar—5 Mar 5.60 AKI2002-01
2005-06 15 Feb-28 Feb 4.60 AKI2005-01
2006-07 13 Jun—14 Jun 4.60 AKI2006-01
2009-10 1 Mar—17 Mar 5.60 AKI2009-01
2014-15 31 Jan-1 Feb 7.67 AKI2014-01
Papamoa Beach 1999-00 1 May-3 May 2.00 AKI1999-01
Pataua Estuary 2002-03 4 Mar-28 Mar 10.65 AKI2002-01
2003-04 14 Feb-16 Feb 10.45 AKI2003-01
2005-06 14 Feb-16 Feb 10.45 AKI2005-01
2013-14 3 Feb-6 Feb 26.30 AKI2013-01
2015-16 12 Jan—13 Jan 27.78 AKI2015-01
Raglan Harbour 1999-00 26 May-30 Jun 10.10 AKI1999-01
200001 13 Feb—10 Mar 10.04 AKI2000-01
2002-03 13 Jan—16 Jan 8.24 AKI2002-01
2003-04 14 Jan—16 Jan 8.24 AKI2003-01

Continued on next page
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Table A-2 — Continued from previous page

Survey site Year Sampling dates  Sampling extent (in ha) Project
2009-10 26 Apr 9.20 AKI2009-01
2012-13 11 Jan 8.24 AKI2012-01
2014-15 20 Feb-23 Feb 7.24 AKI2014-01
Ruakaka Estuary 2006-07 21 Mar 7.00 AKI2006-01
2010-11 22 Mar 11.01 AKI2010-01
2014-15 25 Jan—26 Jan 6.51 AKI2014-01
Tairua Harbour 1999-00 1 Apr—1 May 3.70  AKI1999-01
2000-01 15 Feb—16 Feb 3.90 AKI2000-01
2001-02 23 May-24 May 3.90 AKI2001-01
2002-03 23 Feb—28 Mar 3.90 AKI2002-01
2005-06 14 Jan—15 Jan 3.90 AKI2005-01
200607 3 May-1 Aug 4.80 AKI2006-01
2010-11 20 Apr 5.80 AKI2010-01
2013-14 13 Mar-22 Mar 9.38 AKI2013-01
2015-16 6 Feb—7 Feb 8.17 AKI2015-01
Te Haumi Bay 1999-00 7 Mar—30 Mar 10.00 AKI1999-01
2000-01 12 Mar 13.53 AKI2000-01
2000-01 15 Jan—26 Jan 9.90 AKI2000-01
2001-02 15 Mar-15 Apr 9.90 AKI2001-01
2002-03 21 Jan—22 Apr 9.90 AKI2002-01
200607 22 Mar 9.81 AKI2006-01
2009-10 18 Feb 12.06 AKI2009-01
2012-13 13 Dec 12.06 AKI2012-01
2014-15 24 Jan—26 Jan 12.78 AKI2014-01
Umupuia Beach 1999-00 1 Apr—12 Apr 25.00 AKI1999-01
2000-01 15 Feb—16 Feb 36.00 AKI2000-01
2001-02 28 Mar—12 Apr 36.00 AKI2001-01
2002-03 28 Dec-2 Jan 36.00 AKI2002-01
2003-04 25 Mar-28 Mar 36.00 AKI2003-01
2004-05 22 Jan-23 Jan 36.00 AKI2004-01
2005-06 28 Jan—29 Jan 36.00 AKI2005-01
200607 18 Apr 36.00 AKI2006-01
2009-10 15 Feb 36.00 AKI2009-01
2010-11 4 May 36.00 AKI2010-01
2012-13 13 Mar 36.00 AKI2012-01
2013-14 30 Mar-1 Apr 33.86 AKI2013-01
2015-16 18 Jan—19 Jan 33.90 AKI2015-01
Waikawau Beach 1999-00 20 May-30 Jun 2.90 AKI1999-01
2000-01 24 Feb—15 May 2.70  AKI2000-01
2004-05 18 Jan—10 Mar 3.10 AKI2004-01
2005-06 15 Feb—27 Feb 3.10 AKI2005-01
2013-14 21 Mar AKI2013-01
Waiotahi Estuary 2002-03 7 Feb—10 Feb 8.50 AKI2002-01
2003-04 21 Jan—24 Jan 8.50 AKI2003-01
2004-05 21 Jan-25 Jan 9.50 AKI2004-01
2005-06 10 Feb—12 Feb 9.50 AKI2005-01
2009-10 4 Mar 9.50 AKI2009-01

Continued on next page
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Table A-2 — Continued from previous page

Survey site Year Sampling dates  Sampling extent (in ha) Project
2013-14 17 Mar-20 Mar 11.23  AKI2013-01
Whangamata Beach 1999-00 20 May—29 May 5.48 AKI1999-01
2000-01 15 Feb—16 Feb 5.48 AKI2000-01
2001-02 9 May-26 May 548 AKI2001-01
2002-03 9 Mar—28 Mar 5.48 AKI2002-01
2003-04 1 Jan-31 Jan 5.48 AKI2003-01
2004-05 6 Feb-8 Feb 5.48 AKI2004-01
200607 2 May—-2 Aug 24.61 AKI2006-01
2010-11 19 Apr 5.89 AKI2010-01
2014-15 28 Jan—30 Jan 7.62 AKI2014-01
Whangapoua Harbour  2002-03 30 Mar—6 Apr 1.66 AKI2002-01
2003-04 1 Feb-3 Feb 5.20 AKI2003-01
2004-05 8 Mar—10 Mar 5.20 AKI2004-01
2005-06 8 Mar—10 Mar 5.20 AKI2005-01
2010-11 21 Apr 5.20 AKI2010-01
2014-15 24 Feb-25 Feb 6.32 AKI2014-01
Whangateau Harbour ~ 2001-02 7 Apr-22 May 64.19 AKI2001-01
2003-04 17 Dec-2 Mar 64.15 AKI2003-01
2004-05 2 Feb—26 Mar 64.15 AKI2004-01
200607 19 Mar-2 May 64.15 AKI2006-01
2009-10 18 Mar—14 Jul 64.51 AKI2009-01
2010-11 19 May-20 May 64.15 AKI2010-01
2012-13 14 Dec—17 Dec 64.20 AKI2012-01
2013-14 29 Jan—6 Feb 11091 AKI2013-01
2015-16 15 Jan—17 Jan 110.71  AKI2015-01
Whitianga Harbour 2012-13 7 Feb 7.08 AKI2012-01
2015-16 5 Feb 6.10 AKI2015-01
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APPENDIX B: Re-defining strata with geo-located samples

At sites with high-resolution spatial information, areas predominantly targeting cockles were re-stratified
based on geo-referenced sampling data. The re-stratification at these sites with GPS-referenced samples
followed a two-step procedure, adapted from De Gruijter et al. (2015). This procedure was based on a
model-based prediction of cockle densities to avoid using the samples themselves for re-stratification.
The procedure recognises that the samples from a survey are a draw from a random field. The prediction
smoothes out sample variability, and delimits zones of similar densities (i.e., minimising within-stratum
variance).

B.1 Predicting densities in space

First, existing data were used to generate a prediction map, based on a geo-statistical model for the number
of cockles sampled. The model can be viewed as a generalised linear mixed model with a negative-
binomial response and a spatial random effect term. The model can be written hierarchically as:

Ys NNB()\S,O[), (B_l)
log()\s) = p+ Ss, (B-2)

for bivalve counts y at sampling location s, with an overdispersion parameter o and a scale parameter
As that is linked to a linear predictor through the log-link function; the parameter u is the overall mean
on the log-scale, and S is a Gaussian random field such that S MV N (0, ), where ¥ is a covariance
matrix. The covariance between measurements ¥y and y; is determined by their distance in space via
a stationary, isotropic Matern correlation function. Thus Cov(ys,y:) = Matern(d(ys,y:), where d
specifies the distance in space. The model was implemented in R-INLA (Blangiardo et al. 2013, Lindgren
& Rue 2015), and estimates of the spatial field were obtained on a triangulated mesh representation of
the sampling extent, allowing straightforward predictions to any point within the original sampling extent
(Lindgren & Rue 2015).

B.2 From spatial density maps to new strata

The geo-statistical prediction and the estimated prediction variances at a fine grid were then used to
define a distance measure D; ; that estimated pairwise dissimilarity between grid points. To account for
the associated prediction variation of the predictions at each grid point, D; ; was defined as:

D;j = E[(Z — %)?] (B-3)
= (% — %)+ Var(z) + Var(z) — Cov(3 — Zj), (B-4)

where Z; is the prediction at point <. In practice, the prediction variance underestimates the true variance.
For this reason, the first term in the equation above (Equation B-4) can be divided by the correlation
coefficient to increase the prediction variance to that of the true z;. The last term in the above equation
was obtained from the estimated covariance model from the geo-statistical model fit.

It can be shown that, under some assumptions, minimising this distance measure across strata will lead
to optimal stratification given a representative dataset over the sampling extent. Therefore, the aim here
was to minimise the sum of within stratum variances, A = >, >, > D; ;, where the first sum is
over strata, and the subsequent sums are over all grid points allocated to each stratum. Instead of an
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Figure B-1: Cockle abundance within existing stratification (black lines) at Okoromai Bay and Kawakawa
Bay (West). Shown are sampling densities (size of the circles proportional to the number of cockles sampled
per 0.035 m?) with predicted densities (number of individuals per m?) (left-hand column) and the prediction
variance (right-hand column).

iterative allocation proposed by De Gruijter et al. (2015), which can be slow for large grids, the present
re-stratification used simple hierarchical clustering of D; ;. The hierarchical clustering tree was split into
a fixed number of strata starting from the root, and the observed reduction in A was monitored as strata
were added. The number of strata was then chosen at a point of inflection on a plot of the number of
strata against A, i.e., at the point where adding additional strata did not lead to a significant reduction of
A.

B.3 lllustrated examples of re-stratification

Examples for the re-stratification procedure were illustrated for two sites that were previously sampled
using GPS-referenced samples (in 201314 and 2014-15), Okoromai Bay and Kawakawa Bay (West).
At both sites, the existing stratification did not delimit areas of high or low cockle density, but strata
seemed to be ad hoc subdivisions of the sampling extent (Figure B-1).

The new stratification used predicted densities and their variance (Figure B-1) to define D; ; between
prediction points, and A 4, the sum of D; ; over all paired grid-points within stratum A. The sum of A 4
will reduce with an increasing number of strata (Figure B-2; first row), but at some point the reduction
in A will be mainly due to noise rather than signal. In these examples, we chose to retain two strata for
Okoromai Bay and three strata for Kawakawa Bay (West), both of which corresponded to the inflection
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point on the plot of A against the number of strata.

Corresponding plots confirm qualitatively that at Okoromai Bay, adding strata beyond the two main strata
divides the stratum with low abundance into a stratum with near absence of cockle and one with generally
low abundance (Figure B-2). With a single year’s sampling it is difficult to assess whether this pattern
reflects a real signal or unexplained variation in the data, and we thus prefer the two stratum solution. At
Kawakawa Bay (West), it was evident that two strata were insufficient to delimit the high-density beds
from areas of intermediate density. For this reason, we retained three strata, dividing areas of low density
(or absence), intermediate and high density (Figure B-2).

B.4 Re-stratification comparison

The performance of the re-stratification was site dependent (Table B-3): only one site (Okoromai Bay)
had a higher CV with new strata (19.45 in 2015-16 with re-defined strata compared with 19.17 in 2013-14
with existing strata). This site had two new strata with one high- and one low-density stratum. Neverthe-
less, examination of the map of the present survey at this site (Figure 26) suggested that the low-density
stratum included a number of sampling points with relatively high cockle densities. This observation
indicates that the low-density area is variable in size among years.

The magnitude of improvements in the estimates (i.e., reductions in the CV) from the re-stratification
was linked to the interannual variability and the adequacy of strata derived from the survey conducted
two years prior to the current study. The largest improvement in the CV was at Pataua Estuary (7.58
in 2015-16 compared with 10.95 using 2013—14 strata). It was evident that the new strata A to C were
still a relatively adequate reflection of high, medium and low densities (Figure 29). A similar improve-
ment resulting from the alignment of strata with density patterns was evident at Whangateau Harbour
(Figure 42). Other sites, such as Umupuia Beach did not show an improvement in CV, and mapping of
current samples suggested that the density patterns have changed markedly from those in the preceding
survey (Figure 39), suggesting that the derived strata were sub-optimal.

Table B-3: Estimates of cockle abundance for all sites that were re-stratified using geo-located data from
the 2013-14 survey. Estimates using old strata used in 2013-14 are shown for comparison. For each site,
the table includes the estimated mean number, the mean density, and coefficient of variation (CV) for new
(2015-16) and old (2013-14) strata.

. New Strata Old Strata

Survey site
Total (millions) Density (m~2) CV (%) Total (millions) Density (m~2) CV (%)
Cockle Bay 21.46 136 8.48 21.71 138 9.25
Little Waihi Estuary 30.40 165 12.74 27.79 163 11.11
Okoromai Bay 34.78 175 19.45 35.48 179 19.17
Pataua Estuary 380.13 1368 7.58 289.04 1103 10.95
Tairua Harbour 57.22 700 10.46 64.80 797 10.57
Umupuia Beach 98.88 292 15.93 111.87 330 15.99
Whangateau Harbour 742.44 671 7.02 678.81 612 8.74

Over-all, stratification based on geo-located samples is likely to improve when multiple years of data
are available, since the stratification can then account for interannual variability (e.g., by increasing the
prediction variance to account for temporal variability). We thus suggest that the re-stratification method
applied to the current survey could be used to continuously refine strata.
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Figure B-2: Re-stratification of the sampling extent at Okoromai Bay (left column) and Kawakawa Bay
(West)(right column), based on geo-referenced sampling data from previous surveys. Shown for each site
are the number of added strata in relation to a reduction in the distance measure (delta, top graphs), and
cockle sampling densities (size of the circles proportional to the number of cockles sampled per 0.035 m?)
with the re-stratification based on two (middle graphs) and three strata (bottom graphs). Black lines indicate
previous stratification.

98 @ Northern North Island shellfish 2015-16 Ministry for Primary Industries



23vd jxau uo panu1uo))

3 LT S¢Sy ¢1E §C 00 01 PSCLO'SLT  C€LSSY'LE- 8 D
L1 88 §9¢ 0¢er ¢8 ¢G1 €1 COTLO'SLT  18SSY'LE- L D
3 0¢ T¢ee L0S 8L 00 91 60CLO'SLT  99SSY'LE- 9 D
8’1 vy 88C L8 T'1I €6 €1 L8ILO'SLT  LYSSY'LE- € D
€1 ¢T ¢9C T8 ¢€0C Tl 9¢C ELILO'SLT ToSSY'Le- ¥ D
01 Yy L9C €LV VLI T¢ I'¢C TLIL6'SLT  9SSSY'LE- € D
0¢ I'v TIE 8y €¢I 00 L1 VCILO'SLT  TI9Sv'LE- T J
€0 9¢ ¢¢¢ Ty ¢LI 00 4! 9CILO'SLT  S9SSY'LE- 1 D
80 UL Tee Tec 16l 00 [ €0CLO'SLT  999SYy'LE- 8 d
el Y9 vveE TLE 6V 8¢ I'c 00CLO'SLT  S99SY'LE- L q
€ I's  8¢¢ TO0F 991 0T v €8ILO'SGLT  SS9SY'LE- 9 g
[ ¢¢ 8T T Tvl 0¢ 91 COIL6'SLT  TYP9SYLE- € dq
I'C L T'Le Ty 177 00 L1 6SILO'SLT  TYOSY'LE- ¥ g
L1 9 TTe vovr T91 v¢ €7 CEILO'SLT  T€9SPLE- € d
Sl 98 €6t T8 ¢TI 00 91 0CILO'SLT  LT9SY'LE- T q
6’1 88 86V €TC¢ 6V €T 'l COTLO'SLT  €09Sy'Le- dq
01 01T 9¢r +$9¢ 18 00 I'l TOVLO'SLT  9SLSY'LE- 8 v
¥0 6’11 €8S vLC 1T 00 4! 68ELOSLL  6CLSY'LE- L v
00 691 01§ viLic Sv T0 80 I8ELO'SLT  CELSY'LE- 9 v
80 80C 0¥ 8¥E 09 L€ 6’1 VLELO'SLT  9ILSY'LE- § v
0 geC 8Ly 0S¢ veE 00 80 LSELO'SLT  60LSY'LE- ¥ v
L9 €8 £6¢ 8LE Ol ¢ 6’1 IVELO'SLT  POOSY'LE- € v
¥0 6L 88 69¢ 09 00 Sl 60€LO'SLT  LSOSY'LE- T v
69 [1'0C L6 90¢ T6 9¢ 14 E8CLO'SLT  6€9SY'LE- A4 [oeag umojuomoyg
PARID) SO SIN SA SAA  seur (%) 3uouoo ouedi) opmyisuo]  spmpe] o[dwes wnjens aus AoAIng

(9%) UOTIORIJ OZIS UIRIS JUOWIPAS
*g)ep SuISSIW JBIIPUI S[[39 SUISSI]A] "Wl (007< [2AeIS pue ‘wn (9s< (SD) pues 3saeod ‘wn (s7< (SJA) pues wnipaw ‘wn g7ZI< (S4) pues auy ‘wrl £9< (S A) pues auy

A19A ‘wnl €9> (A[d pue J[IS) SIUIJ SB PIULYIP I8 SUONIL.IJ IZIS UIRIS SHUIWIPAS “($86] WIISAS I1JOP0IL) PLIOAL) SI.IZIP [ewIIddp ul pajedrput st syurod Surdures ay) jo
UONISOJ"SAIAINS IA[BAIQ PUB[S] Y)ION UIdYII0u JY) Jo )aied se 9[—G (7 Ul PIAIAINS SI)IS J& SUONNLISIP IZIS UIBIS JUIWIPIS PUB JUIIUOI IIUEBSI0 JUIWIPAS :H-D) dqe L

saiadoud Juswipas 9 XIANIddV

Northern North Island shellfish 2015-16 ® 99

Ministry for Primary Industries



23vd jxau uo panu1uo))

9°¢C 6'¢
(444 Y
1o 80
00 1o
00 1o
00 10
a4t 191
00 00
00 ¥0
00 0
00 00
00 [
00 90
00 o
00 0
0 €0
00 ¥0
0] ¢o
10 o
00 €0
00 ¥0
00 0
00 1At
00 80
00 0T
00 8’1
00 'l
[PoABID  SD

€S
L'y
1383
01
80
0¢
I'6¢
L1
[%
¢
90
9¢
¢9
89
8'C
I'c
0°¢
I'e
91
9Y
L'y
0¢
€S
8L
L'L
S'LS
S9Y
SIN

8'6C
VLl
€Sl
vC8
€oL
€0L
oYl
(4%
¢
96¢
6°¢S
6'1L
6'C8
L'88
0°6¢
L9
1%
eve
0°SL
0°LL
I're
sy
43
6°LE
(444
£ee
€Y
Sd

69¢
€60
LTS
¢al
86l
99¢
9°¢l
Y
|43
v9S
Yoy
14
S'6

194

S'LS
1o¢
6'SY
S'19
(A %4
81
6'C9
0°¢cs
91
[3Y
'Ly
¢¢

LS

SdA

¥0
00
8'8¢C
00
00
00
0
¥0
60
vl
00
00
¥0
00
0]
00
€0
0
00
00
01
L0
00
¥0
00
00
¥0

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

vl
8’1
14
8’1
91
Il
Le
07cC
6’1
61
8’1
8’1
L1
L1
07c
vl
14
[
L1
91
(4
L1
91
6’1
61
97¢
L1

(%) Ionew owesI0

VOCSO6 VLT 9T6689¢-
99CS6'vLT  LLB689E-
CPISO6VLT  ¥E668°9¢-
99¢1I8 VLT  1CPT89¢-
09€I8 VLT  €SETB9E-
SITIZ VLI 66CC89¢-
VLIIS VLT LTSTR9E-
OVII8 VLI 98ET89E-
6VII8 VLI  0STC89¢-
CITI8 VLI  6S€T89¢E-
8018 VLT  8LIT89E-
ECII8 VLT LEIT89¢E-
06018 LT 986189¢-
C90I8 VLT  ST6189¢-
8I0I8PLL  1TET89¢E-
C8608° VLI ¥S6189¢-
I7608° VL1  CTLTT8 9¢-
Y608 vLT  ¥81C89¢-
96608 VLT  6S818°9¢-
€C608'vL1  €1818°9¢-
G808 VLI CS6189¢-
€6808'vL1 016189¢-
86L08 VLT  ¥00T89¢-
1€808' VLT L88I89E-
VC808' VLT  LI8I89¢-
LYLO8 VLT 8L6I89E-
VELOG VLT  €€618°9¢-

opmISuoT  opmue]

13

(4

I

144
154
C
¥4
0¢
6l
31
L1
91
Sl
14!
€l
4!
I
0l

(@)
CLCLCLCLCLCLCLELCELCELCLCELCELCLCELCELCCLCLCCLCCCC L

— NN <t n O >~

odwes wmeng

Ked ap(00)

yoeag weyudoy)

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Ministry for Primary Industries

100 @ Northern North Island shellfish 2015-16



23vd jxau uo panu1uo))

0]
90
el
¢9
¢al
6'8Y
07¢
6l
¥0
60
v'81
€0
0
(A%
[
[
91
vy
6’8
£ce
601
¥0
L1
9¢l
[
101
681

[oARID)

(43
¢t
L'ST
yee
129
vey
(40
90
¥0
4!
(43
€0
€0
L'e
I'¢
4
60
6'C
Sl
60
L'l
vy
91
¢
(4
9°¢
€e
SO

L6t
L0S
'ty
¢0¢
LTt
9
Ly
'y
0¢
6'¢
6'Y
0°¢
I'e
0L
9°¢
69
(1%
Ve
133
e
¢e
'L
6'¢
¢S
)
8
VL
SIN

91%
&Sy
§'6C
0°¢¢
Le

[

919
139 %
[R5
9°6C
86l
8°0¢
6 1S
8'0F
6'CC
00y
0°6C
6'LS
Svs
oy
v 8Y
99y
'8¢
'Ly
605
8'8C
0°0¥
Sd

L'y

01

8’1

I'¢

o

10

1'0¢
8'C¢
(%
v'6S
13
9ty
'ty
sy
8'0¥
Svy
(R %%
83
L'Te
¥0¢
[4%3
0°LE
9ve
¢'8¢C
ve
Ly
€0¢
SdA

£7C
00
90
91
00
00
vl
00
00
I's
¥8I1
00
¢o
00
€91
6'¢
€1C
00
00
00
4!
Sy
00
'l
194
10
o

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

8’1
60
0
90
60
60
80
vl
'l
el
87T
I'l
<l
Le
I'c
Sl
el
vl
01
01
I'l
Sl
I'l
vl
60
Il
4!

(%) Ionew owesI0

O0CI8Y'9LT  STTOLLE-
SLIBY9LT TVO9L'LE-
0S08Y'9LT  9LTOL'LE-
09087°9LT  8919L°LE-
0108V 9LT  0€EIL'LE-
CI6LY'OLT  VLOSL'LE-
SLYS6'VLT  €€L689¢-
EEVSOo'vLT  99L68°9¢-
LEVSO'VLT  TVL689E-
LLESO VLT  8T006°9¢-
0LES6'VLT  ¥T006'9¢-
I8ESOVLT  €EL689E-
08ES6'VLT  L6968°9¢-
S0es6vLT  0€0069¢-
OveS6vLl  S1006°9¢-
ITES6'VLT  SYL68'9¢-
Y6CS6vLT  ¥0006°9¢-
€S9S6'vLT  9£668°9¢-
919G6 VLT 16868°9¢-
98SS6'VLT  LL6689E-
COSSOYLL  10668°9¢-
61SS6'VLT  91006'9¢-
evSS6'vLT  8C668°9¢-
I8YS6 VLT  TS868°9¢-
OvyS6vLT  SL8689E-
ereSo' Ll $9668°9¢-
PeEESO' VLT L8LO689E-

opmISuoT  opmue]

NN I VN OO0 ANOS —— AN N N O

—

¢l
4!
IT
01

<< C g CC< MMM MMMMMMM <L

< n O >~ ©

odwes wmeng

Aremisg 1rep O[]

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Northern North Island shellfish 2015-16 ® 101

Ministry for Primary Industries



23vd jxau uo panu1uo))

08
6'Y
(43
91
9¢
¢el
1o
€0
S¢Sl
€0
a9
00
vl
60
00
8Y
e
0Ll
(40
¥0
¥0
LCl
L0t
[40)
91
00
o

[oARID)

80
01
9¢
60
80
6'¢
1o
S0
vl
144!
6'8¢C
Lo
90
144!
'l
9v
I'vl
9
VL
8¢
8’1
9¢
101
¢¢
86
L0
60
SO

6’1
0¢
e
01
6’1
€6
4!
I'C
¢e
£0¢
89
8'1¢C
£'6C
9°0¢
98¢
091
v'6c
9C
£oy
'
vy
¢oc
Vie
S'LT
8'LT
¢9C
(R
SIN

v'69
L9L
IS
'L
Y8
899
LS8
G'e8
8 1L
6°5¢
6'LI1
SoL
199
9vS
8°L9
¢'89
6Ly
(Y%
YLy
0S¢
LSS
(433
8'¢e
€8¢
VIS
969
€L
Sd

081
6°Cl
6’8
I'6l
6'8
<9
v'8
o1
L
't
1o
01
4
01
14
<9
9v
'y
0¢
90
90
194
61
I'9
€9
L'cC
L'C
SdA

07¢
94
60
€9
14
¥0
9Y
Sy
¢o
00
00
00
00
90
00
00
Lo
vl
L1
o
00
01
07¢
¢e
e
¥0
00

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

I'c
Le
61
97¢
14
6’1
07¢
I'C
I'C
90
Lo
80
60
vl
¥0
V'l
vl
vl
el
vl
01
'l
90
8¢
60
00
vl

(%) Ionew owesI0

TL6ET'LLT  €L600°8E-
LOGET'LLT  09600°8¢-
896CT°LLT  €¥600°8E-
9¢6C1°LLT  18800°8¢-
Iv6cl'LLT  91800°8¢-
0C6ET'LLT  L8I90O'8E-
8I6EI'LLT  9SL00°8E-
868CI'LLT  0TLOO'8E-
COBEI'LLT  69900°8¢-
ISO8Y'9LT  PEBSLLE-
LOO8Y'9LT  606SL°LE-
SCO8Y'9LT 998SL°LE-
9C6LY'9LT  LL8SLLE-
8COLY'9LT  VOLSLLE-
CEOLYOLT  ESLSL'LE-
SLIBYOLT 9LTOL'LE-
COI8YOLL  PEI9LLE-
STIBY9LT  68C9L'LE-
0018V 9LT  VLIOL'LE-
C608Y'9LT  8EO9L'LE-
V808V 9LT  9E6SLLE-
0908%'9LT  LSI9L'LE-
CCO8Y'9LT  ¥OTILLE-
CLT8Y'OLL  OVI9L'LE-
SST8Y'OLT  €109L°Le-
LST8YOLT  186SLLE-
VOISV OLT  €16SL'LE-

opmISuoT  opmue]

NN T VO — AN N <F n O >0

31
L1
91
Sl
14!
el
4!
11
01
6

8

L

odwes wmeng

AL LCCCCCCCLCO MMM

InoqieH emIyQ

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Ministry for Primary Industries

102 @ Northern North Island shellfish 2015-16



23vd jxau uo panu1uo))

L1 Lo
Sy Tl
80 0
1'C 0
To 10
Sy 50
To 60
90 10
61 T0
€0 T0
00 10
01 T0
00 00
00 10
80 10
10 10
00 10
00 00
80 50
0 €0
Sy 00
€1 0
00 90
6T 50
80 T0
00 10
80 01
[oARID SO

6'L1
8¢
L0
¥0
0
Lo
L0
0]
€1
90
194
8¢
Lo
4!
¢l
14
!
I'c
vl
€1
60
0¢
L'e
8’1
81
60
[
SIN

L'Le
col
(44
LLT
L€S
0ve
s
Lee
Ly
0cy
81S
679
06
1&4S
988
818
L18
768
0°SL
LCL
L68
L8
G'¢8
659
S8
vyL
v'C9
Sd

90y
6’79
09¢
699
6'SY
8'8S
139 %
I'v9
1S
I'ss
8'8¢
'8¢
LL

6V

LS

8’8

Syl
€L

8'L1
c0c
L'e

811
€6

eve
0¢CI
£
0¢
SdA

vl
¥'9
00
14
00
91
L0
60
Le
8’1
I'c
00
el
v
£t
8¢
9¢
€1
vy
(4
4!
6’1
8’1
94
Le
£C
Ve

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

14
8T
8’1
0c
(%4
8’1
07¢
I
9¢
I'C
6’1
(4
91
8’1
8’1
[
(4
6’1
¢¢
v
8’1
6’1
I'c
L'cC
0¢C
14
(43

(%) Ionew owesI0

YC808' VLT  TEB099¢-
6SCTI8YLL  10609°9¢-
68118 VLTI  6€1199¢-
9CII8 VLI CTLOI99¢E-
88018 VLI  6CTII9°9¢-
60118 VLTI  ¥LOT99¢-
€0018vLT  T9119°9¢-
05608 VLT  ¥LOT99¢-
9¢808 VLT  08119°9¢-
IL808 VLT  TCIT9°9¢-
66L08 VLT 8SCI99E-
C6LO8 VLT  OLTT99¢-
0T8ET'LLT  T9V10°8¢-
9T8ET'LLT  TSYPI08E-
OV8EI'LLT  €EVI08E-
YOBCT'LLT  TOVIO"8E-
OI8ET'LLT  €9¥10°8¢-
SCBEI'LLT  6V¥10°8¢E-
CTEEI'LLT  9EVI0°8E-
[E8ET'LLT  LTVIO8E-
OV8ET'LLT  TTYPI0'8E-
6S8EI'LLT  66£10°8¢-
VO8ET'LLT  LSETO8E-
G8LET'LLT  8LYIO8E-
CEBET'LLT  CIvIO'8E-
PY8EL'LLT  S6€10°8¢-
896EI'LLT  ¥8600°8¢-

opmISuoT  opmue]

I q
I v
01 v
6 v
8 v
L v
9 v
S v
14 v
€ v
[4 v
I v
14! dq
el dq
4! q
IT dq
01 dq
6 dq
8 dq
L dq
9 q
S dq
14 q
€ q
[4 dq
I dq
01 v

odwes wmeng

Keq 1ewo1oyQ

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Northern North Island shellfish 2015-16 ® 103

Ministry for Primary Industries



23vd jxau uo panu1uo))

L1 €T
Ts I'LE
€0 S’
81 T
LS 89¢
LT ST
10 S0
$'€ 56
$'S 1'8¢
19 VT
€6 't
79 801
91 S’
0 8'S
0LL 6%
60 S0
70 z0
81 L0
€0 €0
0 €0
10 0
10 T0
70 10
00 T0
00 10
z0 €0
90 €0
[oARID SO

€L
6'6C
'L
0ce
LTt
Ll
Sl
€1l
6°SI
L'LT
9L
9l
vyl
¢'6
0°¢
4!
60
L0
80
¢o
90
¢o
¢o
0]
€0
80
L0
SIN

8'0L
Sol
069
L'Ce
8'6C
€LT
8°0L
evs
gee
143
(%Y
§'es
L9S
v'€9
S'6

I'6l
{43
€'ee
L9y
¢lc
YL

0°0¢
v'6C
LTl
4!
6°6C
76

Sd

S¢Sl
6L

0¢ce
€L

96

9°1¢
|4
661
I's1
I'6

[ 4
891
881
991
9°¢

YL
09
ClIL
v'8v
SYL
¢'98
699
s9
0¥8
Le8
$99
¢08
SdA

14
¥0
1o
8¢
vl
¢l
07¢
¢l
6’1
o
81
60
00
L0
00
8¢
'y
Ve
¢t
I'e
s
Ve
134
9°¢
LS
14
98

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

14
vl
8’1
Sl
Sl
6'C
9¢C
07¢C
¢
vl
€7
Sl
L1
07¢C
¢S
[
I
[
I
I'C
L'¢C
I'C
|4
9¢
(4
14
4

(%) Ionew owesI0

06VIS VLT  TE8IL'SE-
08CISVLT  860CL'SE-
06TIS VLT  9ILIL'SE-
LOTISPLT  160TLSE-
I9TISPLT  0€0TL SE-
YOCIS VLT ¥OITL SE-
99€IS VLT 6T8ILSE-
SCEISYLT  1€0CL S¢E-
YYCISYLT  TTOCTL'SE-
19CIS VLT 8¥8IL'SE-
6911S VLT TO6IL'SE-
LOTTIS VLT  908ILSE-
ICLIS LT LLOIL'SE-
ISTISPLT  OE8IL'SE-
SSOISYLT  8VOTL S¢E-
I9TI8 LT 95809°9¢-
eelI8vLl  $0019°9¢-
L8OI8 VLT  81609°9¢-
VL608 VLT  91019°9¢-
L6608 VLT  6€609°9¢-
89608 VLT  98L099¢-
ev608'vL1  01019°9¢-
0€608' VLT  TE609°9¢-
Ce608' YLl 6¥809°9¢-
¢e608'vLT  818099¢-
€1608 VLT TL6099¢-
CI608 VLT 80809°9¢-

opmISuoT  opmue]

S q
14 dq
€ q
(4 dq
I dq
01 v
6 v
8 v
L v
9 v
S v
14 v
€ v
[4 v
I v
el dq
4! dq
IT dq
01 dq
6 dq
8 q
L dq
9 dq
S q
14 dq
€ dq
[4 dq

odwes wmeng

Arenysq enejed

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Ministry for Primary Industries

104 @ Northern North Island shellfish 2015-16



23vd jxau uo panu1uo))

0] I'c
<0 90
00 01
6'v 69
14 801
¥'8 9°¢
LS €S
00 't
(43 Sl
99¢ ¢es
00 |
€0 09
v'e 8’1
97¢ 9°¢
€ 't
6'LT v'Se
(4! [
€7 8¢
¢S Lee
9¢C S91
98 ¥ 0¢
00 L'e
40 L0
98 6°¢
6L 0¢
vl 0¢
101 9°¢l
[PoABID  SD

£el
€8
[R%3
6'5¢
I'6¢
VLT
L'LE
vey
V6
Sy
L9¢
VIS
I'vi
gol
s
L
9v¢e
97l
'8¢
(4%
v'6c
0°¢l
9
¢t
L'L
Vil
6'81
SIN

[x4S
6'vS
L19
Lty
(4%
G'¢¢
0ty
els
909
Il

L'8S
cor
£'e9
1'¢cs
LS
vl

&4
6°9¢
Sol
v'8¢
LT
YL
99L
$'S9
999
S'19
19174
Sd

ST
91¢
(4
69
8¢
(4%
0L
0°¢
0°1¢C
't
¢l
el
191
¢Sl
9°6C
[
8L
£0¢
61
vl
194
911
861
v'81
Lyl
L0l
69
SdA

L9
1A%
07¢
91
60
80
vl
(4!
1A%
134
81
80
[
LY
9v
69
6’1
¢S
4!
60
0
€0
€0
o
00
6CI
0¢

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

8¢
'y
8’1
vl
L1
Il
Sl
60
(474
Sy
6’1
61
€7
6'C
1384
8'C
6l
6'C
vl
!
vl
L1
¢¢
¢¢
¢¢
91
91

(%) Ionew owesI0

CCCS8'SLT  08900°LE-
YTCS8'SLT  0L900°LE-
CISS8'SLT  T0S00°LE-
YOVPS8'SLT  $SS00°LE-
SPYS8'SLT  8E900°LE-
6€vS8°GLL  9PS00°LE-
ESPC8'SLT  TTSO0'LE-
ITPS8°SLT  OVS00°LE-
V6CS8'SLT  18900°LE-
8LTS8'SLT  €ILO0LE-
CESSY'SLT  T8Y00°LE-
VOVS8'SLT  88¥00°LE-
96€S8'SLT  89900°LE-
LSESY'SLT  TE900°LE-
80ES8'SLL  66900°LE-
LOESY'SLT  9¥900°LE-
89CS8'SLL  99L00°LE-
[LTSB'SLT  0SLOO'LE-
9C8ISYLTL  OILIL'SE-
OV8ISYLT  T8LIL'SE-
eV8ISVLT  6ELIL'SE-
evyISYLT  6061L°GE-
e8CISVLT  0061L°SE-
LSLISPLTL  S691L°SE-
6S9TIS VLT  €LBIL'SE-
0CSIS VLT PS8IL'SE-
TISISYLT  ¥OLIL SE-

opmISuoT  opmue]

O~ NN~ NN ONS0—~A O N OIS W0—A
MmO LDLLDLULCLCLCLCLCLCLCLCMOMAOMAOMMOMMMMOO

odwes wmeng

InoqIey enieJ,

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Northern North Island shellfish 2015-16 ® 105

Ministry for Primary Industries



23vd jxau uo panu1uo))

90 80
v0 60
10 0]
00 ¥0
00 0
00 40
I'L Lo
0] L0
€0 ¥0
L 01 't
<0 90
6'¢ 'y
vl (4
8C S'1
[40) v0
6°0¢ 9¢
91¢ 69¢
I'9 6’1
80 0]
Lo ¥0
60 90
60 I'6
Lo 90
97¢ 90
Lo L0
'8¢ £es
0 I's
[PoABID  SD

9°¢
v'9
6'C
Sy
09
(4
134
L'y
e
Ve
9Y
L8
S'L
4
v'6
I'c
9Ll
L1
91
80
91
I'EL
L9
LS
9v
'L
¥0
SIN

sy
9vy
vol
961
eI
€SL
L'Y9
9°¢¢
v
6C
eoy
(4
0ve
89¥
LS
'8

901
ey
L6t
L'81
vve
91
evs
6'CS
0¢s
90

0°Sy
Sd

0¢y
S9Y
6'SL
8ty
6'1¢C
Vo6l
g6l
[43
0°0¥
L0S
0°¢cs
L8y
6'1S
I'LE
ele
98¢
'8

6'Cy
Svs
0°0L
I'6S
€0

0°¢e
L'S¢e
Gee
v0

19¢
SdA

LYy
el
4!
L1
90
6’1
Le
€9
0¢
6V
Ve
'L
0¢
L'e
¢l
9
IS
0¢
8¢
¢6
Ve
o
9v
¢¢
¢8
40!
el

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

L1
6’1
91
el
01
'l
I'l
Il
V'l
91
<l
Sl
el
91
el
9¢C
6l
V'l
¢l
L1
Sl
el
194
8¢
9v
vy
Sy

(%) Ionew owesI0

CCS90°SLT  60868°9¢-
Y0S90°SLT  90868°9¢-
I¥SLOSLT  SLTO6'9¢-
VYLO'SLT  €€C06°9¢-
6V990°SLT  08L68°9¢-
V1990°SLT  ¥CL689¢E-
16S90°CLT  98968°9¢-
evS90°SLT  TIL689¢-
00S90°SLT  TSL689¢-
LOTLOSLT  6CC069¢-
CI690°SLT  LET06'9¢-
9C¢890°SLT  TTC06'9¢-
€9890°GLT 8EI1069¢-
SSLY0'SLT  980069¢-
LO990'SLT  €T668°9¢-
OLVLO'SLT  T¥E06'9¢-
9CELOSLT  SIV06'9¢-
ELCLOSLT  ¥ST06°9¢-
90CLOSLT  69C069¢-
961L0°SLT  60£06'9¢-
661L0°SLT  T16C069¢-
809S8°CLT  €9500°LE-
6SCS8'SLT  LL90O'LE-
6SCS8'SLL  TS900°LE-
6SCS8'SLT  €¥900°LE-
9YCS8'SLL  O1LOOLE-
YreS8'SLT  18900°LE-

opmISuoT  opmue]

NN OV —~ANNTNO—~ANTINO —~ANON N0 —~A
v < <pmmmmmmMmouooouLLLAA

odwes wmeng

yoeog emdnun

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Ministry for Primary Industries

106 ® Northern North Island shellfish 2015-16



23vd jxau uo panu1uo))

Sl 90
I'c I'C
¢C 194
91 Ve
vl Ve
80 93
6’1 [
0¢ I'c
01 90
vl 14
9°¢ 6L
Ve 981
[y LSl
I's Lel
681 901
€8l 901
¢l ¢'8
0L ve
0] 60
L'cC 0¢
80 L1
00 €0
80 L0
[0 (40
00 80
Sy I'c
00 70
[PoABID  SD

eLE
£'6¢
1'9¢
[4%3
|4
£6¢
L6S
I'Cl
Yol
Sy
v'19
vy
6'8¢
6'C9
I'ey
8'8¢
88y
v'6

VSl
6'LC
0ce
L€l
€6l
g0l
!
99

Le

SIN

VIS
8y
v'C9
G'8¢
0°¢9
LSy
6'1¢
1'69
8'LL
VIS
6'vC
¢¢l
8'¢C
['81
§9C
8'1¢
v'6C
oL
v 9L
9°¢9
L 0oL
£e8
eCL
678
€9
99
6°6S
Sd

L
0LI
v
0]
9
96
€0
(!
4!
€0
1o
0
¥0
0
60
€0
€0
8¢
LS
(43
97¢
¢t
89
8¢
| %4
¥0C
6°¢e
SdA

07¢
el
1o
80
90
vl
'l
¢e
00
o
o
00
00
00
00
40
00
4!
4!
90
[
0
00
90
14
L1
0¢

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

4!
vl
vl
80
I'l
(4!
¢o
vl
60
Lo
Lo
4!
'l
60
vl
L1
Il
<l
01
80
60
60
4!
Lo
I'l
vl
Sl

(%) Ionew owesI0

9608L VLT  8IVIEL9E-
SO8LLVLT OI11€9¢-
09LLL VLT TTETE9E-
OLSLLPLT  ¥OSTE9E-
CESLLYLT  €611€9¢-
CCSLLYLT  SSITE9¢E-
YOVLL VLT VILIE9E-
6SE8L VLT OLVIE9¢E-
9C08L VLT  CovIE9E-
SO6LLYLT  98YIE9¢e-
VELLLYLT  91SI€9¢-
90LLLYLT  SSSTE9¢E-
€09LLYLT  6091€9¢-
69SLLYLT  LTLIE9E-
C8SLLYLL  TI91E9¢-
969LL VLT  €V8IE9E-
LLSLLYLT  9081¢€9¢-
VLCLLYLT  16¥CE9E-
SLSOLVLT  8S0E€E9¢-
€0SOL VLT 91€€E9¢-
09S9L VLT  9VIEC9E-
L6EIL VLT  891€E9E-
8VEIL VLT  679¢L9¢-
€SEOL VLT SITEE9¢-
GE990°CLT  1S8689¢-
8LS90'SLT  ¥T868°9¢-
96S90°SLT  L6L689E-

opmISuoT  opmue]

NN AN NN O AN~ NN TN OO0~ AN O N O~
ALPACC< s Cc Mmoo AAAAAAAAAA

odwes wmeng

Inoqiey neaje3uey

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Northern North Island shellfish 2015-16 ® 107

Ministry for Primary Industries



[40) 0¢
0 07¢
¥0 80
L'cC 953
0] (4
¥0 4!
8¢ 60
10 90
40 S'1
I'c I'9
4! 8'C
€8 9¢
vl €9
811 VL
0] 06
9¢ 6'¢
Sl v'e
91 (4%
Lo €7
Ve 9L
69 19
6'¢ 9¢
60 s
(4 [
[PoABID  SD

1'1e
96l
€9
(R
8¢
cel
(14!
Vs
611
eve
[x44
€6
¥0¢
9Ll
6°6¢
8'1¢C
141!
6'¢l
LTI
981
Ll
Il
00¢
0°¢lI
SIN

60L
0 1L
LTL
129
L'Y9
I'IL
LTL
CIL
L 0oL
9°¢¢
019
I'v9
1°09
9y
Y%
09
01L
889
LOL
9°¢¢
8°6¢
099
€8¢
¥ 9¢
Sd

8¢
69
€Ll
¢¢
8¢l
011
901
6L1
6Vl
801
€9
6'8
€6
9°¢l
9Y
L9
8L
96
8'8
Gel
€Sl
6
0°¢l
¢'6
SdA

00
¥0
¢t
(43
0¢
8'C
00
8Y
80
0¢
9
89
4
Ve
v
9v
6'Y
6’1
LS
vl
e
8¢
L'C
'l

sour,{

(%) uonoely 9zI1s ureld JUSWIPIS

0¢
97¢
'y
6'C
¢¢
0¢
I'¢
3
8C
0y
0¢
(4%
Le
¢¢
I'e
I'¢
I'e
8C
6'¢
e
0¢
0¢
383
Le

(%) Ionew owesI0

S910L°SLT
ISTOL'SLI
VEIOL'SLI
CCIOL'SLT
YCIOL'SLI
VLOOL'SLI
6900L°SLIT
LSOOL™SLIT
8S00L°SLI
¥S00L'SLI
€E00L°SLT
L6669°SLI1
C6669°SLI1
LL669°SLI
8S669°CLI1
GE669°SLT
Y2669°SLI
1€669°GL1
9C669°SL1
S0669°SL1
88869°GLI
G8869°CLI
LS8O69'SLI
8CB69'SLI

opmiSuog

SPeEvg89¢- ¢ v
LEEY89E- €T v
60£¥89¢-  CC v
9LEV9E- 1T v
Y6ir89¢-  0C v
08€¥89¢- 61 v
08¢r89¢- 8l v
cser89e- Ll v
12er89e- 91 v
I8¢y89¢- ClI v
LOYYP89¢- VI v
Sovy89¢- ¢l v
[LEYV89E- Tl v
ereygoc- 11 v
6vry89¢- 01 v
y8Y¥89¢- 6 v
very8oe- 8 v
SIvy89¢- L v
c6er89¢- 9 v
Ivyv89e- © v
86EV89¢- ¥ v
errr89e- ¢ v
90v¥89¢- T v
LOVY89¢- 1 v

opnmne] oidweg wmnens

Inoqley eSuenIgA\

9IS AdAaIng

23pd snoina.rd wo.if panujuo) — -0 d[qeL

Ministry for Primary Industries

108 @ Northern North Island shellfish 2015-16



	 Executive Summary
	INTRODUCTION
	METHODS
	Survey methods
	Field sampling–bivalves
	Field sampling–sediment
	Data analysis–bivalves
	Data analysis–sediment

	Results
	Bowentown Beach
	Cockles at Bowentown Beach
	Pipi at Bowentown Beach
	Cheltenham Beach
	Cockles at Cheltenham Beach
	Cockle Bay
	Cockles at Cockle Bay
	Little Waihi Estuary
	Cockles at Little Waihi Estuary
	Pipi at Little Waihi Estuary
	Marokopa Estuary
	Pipi at Marokopa Estuary
	Ohiwa Harbour
	Cockles at Ohiwa Harbour
	Pipi at Ohiwa Harbour
	Okoromai Bay
	Cockles at Okoromai Bay
	Pataua Estuary
	Cockles at Pataua Estuary
	Pipi at Pataua Estuary
	Tairua Harbour
	Cockles at Tairua Harbour
	Pipi at Tairua Harbour
	Umupuia Beach
	Cockles at Umupuia Beach
	Whangateau Harbour
	Cockles at Whangateau Harbour
	Pipi at Whangateau Harbour
	Whitianga Harbour
	Cockles at Whitianga Harbour
	Pipi at Whitianga Harbour

	Cockle abundance and sediment variables
	Summaries
	Cockle populations
	Pipi populations

	DISCUSSION
	ACKNOWLEDGMENTS
	References
	Appendix Sampling dates and extent of northern North Island bivalve surveys
	Appendix Re-defining strata with geo-located samples
	Predicting densities in space
	From spatial density maps to new strata
	Illustrated examples of re-stratification
	Re-stratification comparison

	Appendix Sediment properties



