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EXECUTIVE SUMMARY 

Beentjes, M.P.; Gilbert, D.J. (2006). Bluecliffs Beach 2005 toheroa survey: yield per recruit and 
review of historical surveys. 

New Zealand Fisheries Assessment Report 2006/37. 48 p. 

A survey of Bluecliffs Beach toheroa was carried out between 11 and 14 February 2005 with 47 
transects being sampled (16 sieved and 31 non-sieved). A two phase random survey design was used 
with 35 transects in phase 1 and 12 in phase 2. The popUlation estimates were 165 000 legal-sized 
toheroa (l00 mm and over), 51 000 sub-legals (40-99 mm), and 805 000 juveniles (under 40 mm) 
with c.v.s of 15%, 24%, and 10%, respectively. The required survey target c.v. for legal-sized toheroa 
was 20%. The juvenile population estimate was from sieved transects only. The length frequency 
distribution was characterised by a strong mode of juvenile toheroa (under 40 mm), and a less 
pronounced mode from 110 to 145 mm, with relatively few sub-legal toheroa between these modes. 
Toheroa were found in all strata, but 80% of adults were within a 1 Ian stretch of beach directly west 
of the Rowallan Bum, and juvenile density was highest at the east end of the beach. The size groups 
occupied different zones between high and low water with mean distance from high water of 90 m for 
adults, 86 m for sub-legals, and 71 m for juveniles, which have the widest range. Of the 1070 quadrats 
sampled, 54% had substrate suitable for toheroa (sand or coarse sand). 

A yield per recruit analysis was carried out using length-weight (this survey) and mark-recapture data 
from Bluecliff toheroa populations (1970s) to obtain some of the required parameters. Because the 
annual weight increase of toheroa above the minimum legal size was insufficient to compensate for 
the loss due to natural mortality, the theoretical maximum yield occurred at 100% exploitation. We 
suggest, however, an acceptable exploitation rate would be 30%. Based on recent abundance surveys, 
this would produce a yield of 13 000 toheroa, equal to 2.1 t of catch and lead to a population of 
mature toheroa, on average, 46% of virgin biomass. This estimate makes no allowance for the 
possibility that reduced recruitment would result from an increased annual harvest. We have no 
information to test this hypothesis. The surveys since 1990 show substantially lower abundance than 
the earlier surveys, which were carried out before major beach erosion occurred. 

A total of 41 toheroa surveys of Bluecliffs Beach from 1966 to 2001 were reviewed. Numbers of 
toheroa of minimum legal size (75 mm or over until 1978, 100 mm thereafter) on Bluecliffs Beach 
declined sharply over a 10 year period between the mid 1960s and mid 1970s from about 2.2 million 
to 500 000. This was followed by a further decline in the late 1980s to about 80 000 by 1990. The 
estimate for 2005 of 165 000 adults is the highest since 1987, and recruitment is the highest since 
1997 when juveniles were first sampled. The current population is still very low compared with the 
1960s and early 1970s. The survey area has been reduced in the mid 1980s because of erosion to the 
beach, which has removed sand and/or prevented access, and we assume that toheroa are not found in 
any number outside of the areas surveyed. 

In general, the size composition of historical surveys was characterised by a strong mode of juvenile 
toheroa (where juveniles were sampled) and a second mode of adult toheroa, with relatively few of 
intermediate size. This indicates that juvenile mortality is probably high. The mark-recapture data 
indicate that those that do survive grow rapidly through the sub-adult size range (40-75 mm) and 
reach maturity (76 mm) at about 1 y. The strong mode between 100 and 140 mm represents multiple 
cohorts which 'stack up', and where growth has slowed substantially compared to the sub-legals. 
Historically (1966 to 1984), toheroa were distributed along 11 km of the beach from the Grove Bum 
to the Hump Bum, but were most abundant immediately east and west of the Rowallan Bum. 
Distribution has changed as sand was lost from the beach and gradually the population has become 
confined to a 5 km stretch of beach, with most adults aggregated within 1 Ian immediately west of the 
Rowallan Bum. 
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1. INTRODUCTION 

Toheroa (Paphies ventricosa) are endemic to New Zealand and found intertidally on beaches fully 
exposed to surf, with fine sand, and with enough moisture to prevent desiccation at low tide (Rapson 
1952, Cassie 1955). Toheroa are active burrowers, living up to 20 cm beneath the sand where they 
extend siphons to the surface to filter plankton/material from the water column and excrete waste 
during periods of submergence. Toheroa frequently aggregate in large beds midway between low and 
high water. The main toheroa populations are found in Northland (Ninety Mile Beach, Dargaville 
Beach, and Muriwai Beach), with smaller population on the Kapiti coast, and in Southland (Oreti 
Beach and Bluecliffs Beach). Toheroa have been subjected to intensive harvesting over the last 100 
years (Cassie 1955, Stace 1991 , McKinnon & Olsen 1994) and fishing is now prohibited throughout 
New Zealand, a response to declining populations (see Morrison & Parkinson (2001) for a review of 
the fishery). Toheroa from Northland were commercially harvested from the late 1800s to about 
1960s, with a peak of 77 t processed and canned in 1940 (Stace 1991). The only current harvest is 
Maori customary take and occasional one-day recreational seasons, the last of which were in 1980 at 
Bluecliffs Beach and 1993 at Oreti Beach. Previous open day seasons at Bluecliffs Beach were in 
1972, 1974, 1978, and 1979 (McKinnon & Olsen 1994), and before this there were more extensive 
seasons with larger bag limits. 

Forty-two surveys have been carried out at Bluecliffs Beach since 1966 providing estimates of toheroa 
abundance, size composition, and distribution. The most recent surveys included a series of ten 
summer and winter surveys carried out for Meridian Energy Ltd between 1997 and 2001, and a 
Ministry of Fisheries funded survey in 1998. Estimates of the numbers of adult toheroa (100 mm or 
over) on Bluecliffs Beach over this time ranged between 10 000 and 160 000 toheroa, indicating that 
the population has declined dramatically since the 1960s when the population fluctuated between 
about I and 2 million (75 mm and over). These surveys also showed that recruitment was very low 
and the population appeared to be at risk of collapse. 

Before any further one-day or limited recreational seasons are considered for Bluecliffs Beach and to 
assess the sustainability of the current customary harvest, it is advisable to determine both the status 
of the population and a sustainable yield. A yield per recruit analysis was therefore carried out for 
Bluecliffs Beach toheroa. 

This report includes the results of a toheroa survey of Bluecliffs Beach in 2005, a yie1d per recruit 
analysis, and a review of toheroa length frequency, abundance, and distribution from historic surveys 
of Blue cliffs Beach. 

Overall objective 

To determine the distribution of toheroa (Paphies ventricosum) beds, and the abundance and Size 
structure of toheroa on Southland beaches. 

Specific objectives 

4. To estimate the size structure, length-weight relationship, and absolute abundance of toheroa on 
Bluecliffs Beach, during February 2005. The target c.v. for the estimate of absolute 
abundance oflegal sized toheroa (100 mm or over shell length) is 20%. 

5. To estimate the sustainable yield of legal sized toheroa on Bluecliffs Beach. 
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6. To describe changes in the size structure and absolute abundance of toheroa on Bluecliffs 
Beach by comparing the results from this work with those from previous surveys. 

The survey ofOreti Beach (TOH2003/01 objectives 1-3) is reported elsewhere (Beentjes & Gilbert 
2006). 

2. METHODS 

2.1 2005 Bluecliffs Beach survey 

2.1.1 Survey design 

The Bluecliffs Beach toheroa survey used a two phase, stratified random transect design (Francis 
1984). The survey area covered a 5.07 km stretch of beach from the Grove Bum in the east to about 1 
km west of where the access road heads inland (Figures 1 and 2). Eight strata of various lengths 
(identical to those used in the 1998 MFish survey) (Carbines & Breen 1999) were marked out using 
hand-held GPS (non-differential). The eastern boundary of stratum 1 was 46°09'43.2 Sand 
167°31 '53.0 E. (World Geodetic System 1984). Sampling transects were marked out within each 
stratum using randomly generated distances from the east end of each stratum, with a requirement that 
there be at least 20 m between transects. A total of 47 transects was considered sufficient to meet the 
target c.v. of 20% since in 1998 a c.v. of 14% was achieved using 40 transects. 

Thirty-five transects (74%) were allocated to phase 1, and the remaining 12 to phase 2. A minimum of 
three transects was initially assigned to each stratum to estimate sampling variance. The remainder of 
phase 1 transects were allocated based on the 1998 survey mean catch of legal-sized toheroa per 
transect in each strata, and optimised using the "area mean squared" method of Francis (1984). In this 
way, transects were assigned iteratively to the stratum in which the expected gain was greatest, where 
expected gain is given by 

expected gain; = A; 2 mean; 2 / (n;(n;+ 1)) 

where for the ith stratum, mean; is the mean number of toheroa encountered per transect, and A; is the 
area of the stratum, and ni is the number of transects. 

Phase 2 transects were allocated using the mean catch rates of legal-sized toheroa per transect from 
phase 1 of the 2005 survey. 

2.1.2 Sampling methods 

The survey was timed to coincide with several days of low tides, allowing the maxiumum possible 
extent of the intertidal beach to be surveyed. As in previous surveys, each transect ran down the beach 
from high water (edge of dunes or rocks) to low water. Down each transect, quadrats of 0.5 square 
metres (1.0 x 0.5 m) spaced at 5 m intervals were excavated to a depth of 30 cm with a spade. All 
toheroa found in each quadrat were measured to the nearest 1 mm in length and returned to the 
substrate. To estimate the distribution, size structure, and abundance of juvenile toheroa (under 40 
mm), samples were sieved at two transects in each of the eight strata and were arbitrarily selected as 
the outside transects in each stratum. It is necessary to sieve sand to accurately sample juveniles that 
might otherwise be missed. To sample juvenile toheroa, sand from quadrats was shovelled into a 
trolley lined with fine steel mesh and then wheeled down to the water where the action of the surf 
washed out the sand, leaving behind only debris and toheroa. This technique for sampling juveniles 
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has not previously been used at Bluecliffs Beach survey, and contrasts with the 1998 MFish survey 
(Carbines & Breen 1999) and 1997-2001 Meridian surveys (Carbines 1997a, 1998, 1999, 2000a, 
2000b, Beentjes & Carbines 2001) when sand was fed into nylon mesh bags and dragged to the water. 
Before 1998, juveniles were not actively sampled. We assume that both sieving methods are equally 
effective in sampling juveniles. 

A representative size distribution oftoheroa were also weighed (± 0.01 g) for estimation of a length 
weight relationship. 

Substrate type was qualitatively recorded for each quadrat as one of seven categories: sand, coarse 
sand, sand and some gravel/stone, sand and moderate gravel/stone, sand and lots of gravel/stone, and 
sand and mainly rock, and rocks. 

2.1.3 Population estimates 

The population size of toheroa on Bluecliffs Beach was estimated from the mean density of legal
sized toheroa in each stratum and the area of each stratum. In the ith stratum, the estimated number of 
legal-sized toheroa N; is 

where mean; is the mean number of toheroa encountered per transect, and A; is the area of the stratum 
(= length of each stratum and equivalent to the number of transects in a stratum). The possible number 
of 1 m wide transects in a stratum is essentially the length of the upper beach in the stratum (a small 
overestimate of the area is caused by the slight curvature of the beach). The factor of 10 scales from 
the area sampled (0.5 m2 every 5 m along the transect) to the entire area of a 1 m wide transect. 

The estimated variance of the mean;, VC;, is simply 

VC; = varin; 

where var; is the variance of the observed numbers for each transect in stratum i. 

The population estimate on the whole beach (= survey area) is given by 

N= L:N; 

where summation is over all strata, and the estimated variance of this estimate is 

VN= 100 L: (A/ VCJ 

The factor 100 is introduced in scaling up from the sampled area of the transect to the whole transect. 

The c.v. is 

c.v. = sqrt (VN) / N 

Toheroa length data were plotted as unscaled length frequency histograms from all transects 
combined, and from unsieved and sieved transects separately. The spatial distributions of toheroa for 
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all toheroa and the three size groups (legal-sized, sub-legal, and juvenile) were plotted in three 
dimensional space by quadrat (high water to low water) and transect (distance along the beach). 

2.1.4 Yield per recruit analysis 

A yield per recruit analysis was used to estimate the sustainable yield of toheroa at Bluecliffs Beach 
and represents the first such analysis. A yield per recruit analysis, however, was carried out for Oreti 
Beach toheroa after the 2002 survey (Beentjes et al. 2003), and this was updated following the 2005 
survey (Beentjes & Gilbert 2006). The analysis uses the mark-recapture data reported below to 
estimate growth and the length-weight data sampled during the 2005 survey 

Size at maturity was estimated by Rapson (1952) for northern toheroa at 76 mm (3 inches), and 
Bluecliffs toheroa reach this size at about 1 y of age and the minimum legal size (100 mm) at about 
3 y. We assumed knife-edge recruitment at these ages. No maximum age is available, so we used 
Cassie's (1955) suggestion for Muriwai Beach of 20 y. We used Hoenig's (1983) method to estimate 
natural mortality from maximum age (0.23 i 1). 

We calculated yield per mature toheroa (g) at various constant exploitation rates and obtained the 
corresponding hypothetical equilibrium biomass of mature toheroa assuming constant recruitment and 
found the exploitation rate that produced the maximum yield. Details of the model assumptions are 
given in Table 1. 

2.2 Growth 

Toheroa growth estimates were obtained from measurements of length and weight from the 2005 
survey, and unpublished data on mark-recapture studies carried out in the 1970s by the New Zealand 
Marine Department (Fisheries Division). 

2.2.1 Length weight relationship 

The standard length-weight relationship was fitted, 

w=alb 

where w is weight in grams and I is length in millimetres. Variation around the mean was assumed to 
be normally distributed. An increase in standard deviation with length was found to be well described 
by proportionality with predicted weight. Hence, ignoring constants, the negative log-likelihood 

where i indexes the observations and c is the proportionality constant between standard deviation and 
weight. A was minimised (ignoring constants) to obtain the maximum likelihood estimators for a, b 
andc. 

2.2.2 Mark-recapture data 

In August 1977,280 toheroa from Bluecliffs Beach were measured for length, painted with individual 
numbers, and returned to the beach. A further 316 were engraved with a number or a distinctive 
symbol. Forty-one recaptures with recorded length were made over the next 26 months. 
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2.2.3 Bluecliffs Beach historical toheroa survey data 

We examined historical data from 41 Bluecliffs toheroa surveys from 1966 to 2001 and compared this 
with the results from the 2005 survey. Of these 41 surveys only those from 1966 to 1970 (11 surveys) 
(Street 1970, 1972) and 1990 onward (12 surveys - 2 MFish and 10 Meridian Energy) are 
documented (McKinnon & Olsen 1994, Carbines 1997a, 1998, 1999, Carbines & Breen 1999, 
Carbines 2000a, 2000b, Beentjes & Carbines 2001). Raw data in hard copy forms were available from 
December 1970 to 1990 and these were entered onto a database for analysis. Necessary assumptions 
of undocumented surveys before 1990 were that transects were sampled from low to high water and 
that quadrat numbering was consistent between surveys. 

Not all surveys were used to plot distributions and length frequencies because, for some, coverage of 
the beach was considered to be insufficient or unknown. 

3. RESULTS 

3.1 2005 survey 

Bluecliffs Beach was surveyed from 11 to 14 February 2005 and all 47 transects (35 phase 1 and 12 
phase 2) were successfully completed (Table 2). Of the 47 transects, 16 were sieved (2 per strata). 
Phase 2 transects were allocated to strata 1 (N = 1),3 (N = 7), 5 (N = 2), and 7 (N = 2). The number 
of quadrats per transect ranged from 16 to 36, with a mean of 23 equating to a mean transect length 
(beach width) of 115 m. Low tide height throughout the survey ranged from -0.82 to -1.16 m below 
mean sea level. 

Mean numbers of toheroa per stratum and population estimates of legal-sized/adults (100 mm or 
over), sub-legal (40-99 mm), and juvenile toheroa (under 40 mm) are given in Table 3. The 
population estimates were about 165 000 adults, 51 000 sub-legals, and 805 000 juveniles. The 
corresponding coefficients of variation (a measure of survey precision) were 15%, 24%, and 10% 
(Table 3). The survey target c.v. for legal-sized toheroa was 20%. 

Length frequency distributions of toheroa were bimodal, characterised by a strong mode of juvenile 
toheroa (under 40 mm) skewed to the right, and a less pronounced adult mode between 110 and 145 
mm, with relatively few toheroa between the two modes (Figure 3). More juveniles were sampled in 
16 sieved transects than in 31 non-sieved transects, demonstrating the value of the sieving technique. 

Toheroa were found in all strata but no adult toheroa were found in stratum 8, no sub-legals in strata 2 
and 8, and juveniles were found in all strata (Table 3). For large adult toheroa, density (mean number 
per transect) was highest directly west of the Rowallan Burn in strata 3-5 (1 km length of beach), 
whereas sub-legals were more evenly distributed along the entire beach, and juvenile density was 
highest at the east end of the beach. Three dimensional distribution plots show that for all size groups 
combined, toheroa are distributed along the entire 5.07 km of beach, but when plotted by size group it 
is clear that adults are concentrated in the middle of the beach (Figure 4). This pattern is also shown 
in a plot of the cumulative numbers of each size group by distance along the beach (Figure 5). Indeed, 
about 80% of adults are found in just 1 km of beach - to some extent this figure will be biased by the 
allocation of phase 2 stations to those strata with the highest catch rates. Vertical distribution of 
toheroa is also size dependent and the three size groups occupy different height zones between high 
and low water (Figure 6). Adults occupy a well defined area, mainly from about 65 to 115 m (mean = 

90 m) from the dunes (high water), and sub-legals occupy a similar distribution but have a wider 
range that extends slightly further up the beach toward the dunes (mean = 86 m). Juveniles have the 
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widest vertical distribution from about 15 to 140 m (mean 71 m), but are most abundant higher on the 
beach. 

The substrate in 54% of the 1070 quadrats sampled was sand or coarse sand (substrate types 1 and 2) 
and was most prevalent in strata 1 and 8, and least in stratum 2 (Table 4). Correspondingly, gravel and 
stones (substrate types 3 to 7) were encountered in 46% of quadrats and were most prevalent in 
stratum 2 and least in strata 1 and 8. 

Maori customary take from Bluecliffs Beach is monitored through authorisations issued by kai tiaki. 
Records include amounts issued and taken and this information is provided to the Ministry of 
Fisheries by Oraka-Aparima Runaka quarterly (Table 5). Removals have ranged between about 90 and 
402 toheroa each year from 1998 to 2004. 

3.2 Growth 

3.2.1 Length-weight relationship 

The length-weight relationship does not fit well for both large and small toheroa and so we restricted 
our fit to the lengths relevant to the yield per recruit analysis (Figure 7). Only lengths of at least 
80 mm were used. The parameter estimates were a = 1.616e·5, b = 3.451, c = 1.795e-5. 

3.2.2 Mark-recapture analysis 

Growth was estimated from mark-recapture increment data. Two models were tested - the 
conventional von Bertalanffy model and an exponential model (Figure 8). In the von Bertalanffy 
model the mean instantaneous rate of growth is a linear function of length, 

dl = k(L -I) 
dt 00 

where t is time and Loo and k are parameters. By integration we can show that 

/ = Loo (1- e -k(t-to)) 

where to is the age at which length is zero We can also show that length after time 8t 

The observations of I, 8/, and 8t were used to estimate Loo and k. The parameter to cannot be estimated 
from these data. 

For the exponential model, 

This gives 

/ = - ~ In (1- a e.B (t - to) ) 

and 

where a and f3 are parameters. 
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Overall, the variability was not substantially greater for the longer time increments or for the smaller 
lengths. Therefore, for both models we assumed variability around the expected increment to be 
normally distributed with constant standard deviation. The maximum likelihood estimators for Loo and 
k, and for a and /3 were therefore obtained by minimising the sum of squares of the residuals (the 
observed less the expected increments). The estimated standard deviation for the von Bertalanffy 
modes was 2.23 mm and the corresponding value for the exponential model was 2.13 mm. Thus, the 
exponential model fitted significantly better (Figure 9). We therefore used the exponential model in 
the subsequent yield per recruit analyses. 

The fitted exponential model gives substantially larger toheroa at age 2 y than the von Bertalanffy 
model (Figure 10) and the difference continues until about 10 y. We have assumed that to = O. It is a 
natural assumption that toheroa of age exactly 0 y would be of length 0 mm. However, the parameter 
to is often introduced to allow for the fact that these simple, two-parameter models do not 
satisfactorily describe early growth. True growth curves often have a sigmoid-shaped, left-hand tail. 
For our present purpose, it is unnecessary to accurately model this very early growth. Since we cannot 
estimate to, our fitted growth curves are possibly transposed sideways somewhat from their true 
locations. 

The estimated curves represent the "mean growth path", that is, the path that a toheroa experiencing 
mean growth each year would follow. This is not quite equivalent to the mean length at age curve, 
even if to were well estimated. This is because a population exhibits random variation around each 
mean annual increment and this leads to a set of growth paths whose mean is not necessarily the same 
as the mean growth path. For calculating yield per recruit we have ignored this difference (probably 
small). 

For Bluecliffs Beach toheroa a = -0.06273 and /3= 7.991. If to 7:- 0 this would cause our estimated 
ages of maturity and recruitment to be incorrect but the yield estimates would not be affected. 

3.3 Yield per recruit analysis 

We expressed the annual yield at each exploitation rate as the total catch weight divided by the 
number of mature toheroa (1 y or more) in a hypothetical virgin population (Figure 11). We assumed 
that toheroa above the age of recruitment are harvested randomly (no selection of larger toheroa). We 
multiplied this yield by the mean of the surveys (assumed to be estimates of the virgin population 
size) to obtain an estimate of the yield in tonnes (Table 6). Since there has been a reduction in the 
habitat available to toheroa due to erosion in recent years compared to the 1960s, we have only 
calculated the yield corresponding to the mean population size since 1990. Any reduction from a 
virgin population size caused by customary harvest and any illegal take has not been allowed for. 
Hence our yield estimates will be conservative although probably only very slightly. If the annual 
harvest from Bluecliffs Beach has been about 200 toheroa per year the current population would be 
only marginally below its virgin size. 

Yield per adult increased with exploitation rate to produce a theoretical maximum at 1.0 (Figure 11). 
Therefore the maximum yield is taken by harvesting all toheroa when they reach 3 y. This is because 
the annual weight increase of toheroa older than 3 y was insufficient to compensate for the loss in 
biomass due to natural mortality. The maximum yield was 4.5 t (Table 6). This exploitation rate 
would clearly not be a practical or acceptable proposition. However, it can be seen that the yield 
remained relatively high at considerably lower exploitation rates (Figure 11). At an exploitation rate 
of 0.3 (i.e., harvest 30% of toheroa 3 y and older) the yield was 3.61. At an exploitation rate of 1.0, 
the biomass of toheroa 1 y and older was 21 % of its virgin size (only 1- and 2-year-olds survive each 
year), whereas at an exploitation rate of 0.3 it was 46%. 
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The choice of exploitation rate is arbitrary. We suggest that an exploitation rate of 0.3 would be a 
reasonable compromise between yield and population size, giving a relatively high yield without 
severely reducing the virgin population size. We expressed annual yields as total catch weight divided 
by the number of adults in the virgin population (Table 6). This gave a yield of 21.7 g per virgin 
recruited toheroa and would result in the population midway through fishing being 46% of virgin 
biomass. If we take the survey estimates from after the physical changes to the beach (from 1990 to 
present, see below) to be estimates of virgin population size (harvesting has been minimal), we can 
estimate the annual sustainable yield from their mean, 

Yield = 96 000 x 21.7 g = 2.1 t. 

At this exploitation rate the mean weight of toheroa in the catch would be 156 g (equivalent to a mean 
length of 106 mm). Hence the yield in numbers would be 13 000. 

Variation of the assumed natural mortality rate did not cause major change to the base case estimates. 
The estimates obtained, assuming a lower natural mortality rate and higher maximum age or a higher 
natural mortality rate and lower maximum age, were very similar (Table 6). 

3.4 Bluecliffs Beach historical toheroa surveys 

3.4.1 Survey data 

All surveys except the MFish 1998 survey used a systematic sampling design with transects every 
321 m (1966-1987), 330 m (1990), or 250 m (Meridian surveys 1997-2001) along the beach (Table 
7). The MFish survey in 1998 used random stratified transects allocated randomly within strata of 
various sizes. The precise locations of transects before 1997 are unknown, but it is likely that they 
varied between surveys in the absence of documented benchmarks and without the aid of GPS. There 
are two events that have affected standardisation of the survey procedures during the time series. 
Firstly, from 1966 to 1984 the survey area encompassed an area about 1.6 krn east of the Grove Burn 
west to the Hump Burn (see Figure 2), a distance of about 11 krn and 35 transects were used. Erosion 
of the beach structure and a loss of sand around 1985 prevented access to the beach west of the 
Waikoau River and the area immediately east of the river. Hence from 1985 onward the length of the 
beach covered by surveys ranged from about 4.5 to 6.1 krn. The assumption was that the erosion of 
the beach in the west of the bay was accompanied by a loss of toheroa. Secondly, in 1987 erosion 
affected the east end of Bluecliffs Beach, also resulting in a loss of sand substrate and the survey area 
was further truncated with the most eastern transects starting at the Grove Bum (previously transect 
#5). From 1990 onward the benchmark for transect # 1 was changed to at or near the Grove Bum. 

Quadrats (1 m x 0.5 m) were excavated every 5 m down each transect. The cross-sectional width of 
the beach surveyed (low to high water) was on average about 110m. No details of tide heights are 
available during the surveys, although McKinnon & Olsen (1994) stated that the 1990 survey covered 
the area from mean low water to mean high water. 

All surveys before July 1997 were adult surveys with no attempt made to search for juvenile toheroa 
(Table 7). Thereafter juveniles were sampled in every second Meridian survey (winter surveys), and 
the 1998 and 2005 MFish surveys. 

3.4.2 Abundance estimates 

Street (1972) estimated numbers of toheroa 75 mm or over (minimum legal size 75 mm until 1978, 
thereafter 100 mm) from 11 biannual Bluecliffs Beach surveys between 1966 and February 1971 
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(Figure 12). Estimates were based on simple scaling of the actual area of beach excavated to the total 
area of beach surveyed (see Carbines 1997b). McKinnon & Olsen (1994) also used the simple scaling 
method to estimate numbers of toheroa of the legal minimum size for the December 1971 to 1990 
surveys. Population estimates of legal-sized toheroa for the 10 Meridian Energy surveys from 1997 to 
2001 (Carbines 1997a, 1998, 1999, Carbines & Breen 1999, Carbines 2000a, 2000b, Beentjes & 
Carbines 2001), used the sampling fraction method, which scales the total number by the reciprocal of 
the fraction of the area surveyed, calculated from the distance between transects (Millar & Olsen 
1995). For the random stratified transect surveys in 1998 (Carbines & Breen 1999) and 2005 survey 
(this report) a third method was used where the mean number of toheroa per transect was scaled up to 
the area of each stratum. The length of beach surveyed in 1998 and 2002 is almost half that of the 
surveys from the 1966 to 1984 (Table 7, see Figure 2), and so for the comparison of abundance 
estimates to be valid, we assume that toheroa are no longer present in any number in areas outside the 
present survey area. 

Despite the use of three different methods to estimate population numbers in the 40 year time series, 
the estimates of toheroa numbers are likely to reflect the population status on Bluecliffs Beach (Figure 
12). The results indicate an overall decline which is steepest over a 10 year period between the mid 
1960s and mid 1970s where the population of toheroa 75 mm and over declined from about 2.2 
million to about 500 000. This was followed by a further decline in the late 1980s to about 80 000 by 
1990, although this was for toheroa 100 mm and over so the decline is slightly less severe than is 
shown in Figure 12. The most recent surveys from 1997 through to 2005 indicate that the population 
has not recovered, but appears to be stable, albeit with relatively small numbers of legal-sized toheroa. 
The estimate for 2005 of 165 000 is the highest since 1987. The negative bias caused by the use of a 
second phase in the 1998 and 2005 surveys (Francis 1984) is likely to be insignificant. 

Juvenile toheroa (less than 40 mm) were sampled in seven surveys between 1997 and 2005. Numbers 
ranged from 25 000 to 180 000 (mean = 100 000) for the 1997 to 2001, but in 2005 they increased 
more than 8-fold to 805 000 (Figure 12). 

3.4.3 Length frequency distributions 

Length frequency histograms of toheroa on Bluecliffs Beach from 41 historical surveys between 1966 
to 2001, and 2005 are shown in Figure 13. All surveys before 1997 targeted adult toheroa although 
length frequency distributions for some years suggest that some attempt was made to sample juveniles 
(under 40 mm), because they were well represented (e.g., see November 1969, Dec 1971). The size 
distributions are remarkably similar throughout the time series from 1966 to 1990 and are 
characterised by a strong adult mode between about 100 and 140 mm, with few sub-legals (40-99 
mm), and with the occasional juvenile mode from 10 to 40 mm. The Meridian Energy summer adult 
surveys from 1997 to 2001 often showed little pattern in the size distributions because of the low 
numbers of individuals sampled, although the adult mode was generally discernible. Surveys which 
included juvenile sieved transects (1997-2001 Meridian winter surveys, January 1998 MFish survey, 
and the 2005 survey) generally showed clear juvenile modes; however, only toheroa length frequency 
distributions from sieved transects can be regarded as representative of the whole population structure 
on Bluecliffs Beach. Thus, in general, the size composition of toheroa on Bluecliffs Beach has been 
characterised by a mode of juvenile toheroa, the strength of which varies between years, and a second 
mode of adult toheroa with relatively few of intermediate size. The 11 surveys carried out from 1966 
to 1971 show some modal progression of the adult mode within each year but the other surveys are 
spaced too far apart to be suitable for modal progression analyses. 
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3.4.4 Spatial distribution 

Distribution plots of toheroa (all sizes) on Bluecliffs Beach surveys using systematic transects from 
1971 to 2001 are shown in Figure 14. There were no distribution data by quadrat/transect available for 
the 1966 to February 1971 surveys. The distribution of toheroa shown in these plots presumably 
includes the area of the beach from low tide to the top of the beach, but this information was often 
missing. Because the first quadrats at low water had toheroa present, it is likely that there were 
toheroa present below mean low water. In more recent surveys from 1997 onward, quadrats were 
excavated in the direction of low water until no toheroa are found, ensuring that a toheroa bed had 
been thoroughly sampled. 

Between 1971 and 1984 toheroa were distributed along the entire length of Bluecliffs Beach from east 
of the Grove Bum to west of the Waikoau River as far as the Hump Bum, a distance of about 11 km 
(see Figure 2), but were densest in the eastern end of the beach between the Grove Bum and where 
the access road heads inland (i.e., between transects 6 and 20) (Figure 14). Density was also highest 
about 80-100 m from the top of the beach. The number of quadrats with no toheroa in the upper 
section of the beach is suspicious, given the distributions from the post 1997 surveys. Further, 
anecdotal evidence suggests that not all transects were sampled up to the top of the beach - we 
speculate that where several consecutive quadrats revealed no toheroa, samplers assumed that there 
were no toheroa higher up the beach and zeros were allocated to the unsampled quadrats. 

A reduction in the size of the survey area in both 1985 and 1987, as erosion removed sand and/or 
prevented access to the west, resulted in a change in the distribution of toheroa. By 1997 and onward 
there were few toheroa near the Grove Bum and highest densities were consistently located in a 1 km 
stretch of beach west of and adjacent to the Rowallan Bum. This is best shown for the 1998 (MFish) 
random stratified transect survey (Figure 15) and although distributions were to some degree 
influenced by the random allocation of transects within strata and allocation of phase 2 to strata with 
the highest densities, they clearly indicate the location of the densest beds. The distribution for the 
2005 survey is similar to that of the 1998 MFish survey (see Figure 4). 

Comparison of the number of toheroa within transect groups in 1966, 1978, and 1984 (before the 
survey area was reduced) suggests that the distribution has been moving gradually eastward since the 
1970s (Figure 16). It also shows that the highest densities over this period were consistently in 
transects 6 to 10, which is between the Grove Bum and Rowallan Bum (see Figure 2). Thus, there has 
been a substantial shift in density from the east to the west side of the Rowallan Bum over the past 40 
years. 

4. DISCUSSION 

4.1 2005 survey 

The 2005 population estimates of legal-sized, sub-legal, and juvenile toheroa were about 165 000, 
51 000, and 805 000, respectively, with a c.v. for legal-sized toheroa of 15%, which is below the 20% 
target. Population estimates for legal-size and sub-legal toheroa were about 50% and 70% greater than 
the last survey in 2001. Most marked was the 13-fold increase in numbers of juveniles compared with 
2001 (see Figure 12). The Bluecliffs Beach toheroa population over the last eight years remains 
relatively low compared to historic numbers, but the population may have stabilised. Further, the 2005 
estimate of adults is the highest since 1987 and the trend of declining abundance that began in the mid 
1960s has not continued. The exceptional numbers of juveniles recorded in 2005 is a positive sign for 
the population, but given that recruitment and mortality are highly variable in toheroa (Morrison & 
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Parkinson 2001) only future surveys within a year or two will determine if this translates into an 
increase in the number of adults 

The Bluecliffs Beach toheroa population size structure in 2005 was characterised by the presence of a 
strong juvenile mode (under 40 mm) comprised of 0+ year class individuals (Redfearn 1974), and an 
adult mode (110-145 mm). In this regard the size distribution is typical of this population (see Section 
3.4.3). The mark-recapture data indicates that toheroa in this adult mode are about three years old and 
older. The absence of a distinguishable mode in the sub-legal size range (40-99 mm) is also a feature 
of this and previous surveys. It is unlikely that sampling bias has contributed to an underestimate of 
sub-legal toheroa, especially given that smaller juvenile toheroa (under 40 mm) were sampled 
reasonably well in non-sieved transects and also that sub-legals were almost always poorly 
represented on previous surveys. 

The distribution of adult toheroa in 2005 was similar to that in 200 1 with highest densities in a 1 km 
wide strip of beach west of the Rowallan Bum. Recruitment occurred across the entire beach in 2005, 
particularly at the extreme ends of the beach. If this is typical, we would expect distribution of large 
toheroa to be even along the beach or concentrated at the ends. Therefore, either toheroa physically 
migrate along the beach as they grow, or toheroa from discrete areas experience enhanced growth and 
survivorship resulting from more favourable habitat. Movement between the east and west of the 
Rowallan Bum is not possible unless toheroa migrate along the sub-littoral zone. The densest beds of 
adult toheroa are close to the Rowallan Bum and are probably exposed to periods of low salinity 
caused by the freshwater outfall and also to considerable nutrients from the river, which will enhance 
plankton growth and thus available food to toheroa. Similarly, the densest adult beds are close to the 
mouth of the Oreti River (Beentjes & Gilbert 2006). 

The three size groups of toheroa, to some extent, occupied different height zones between high and 
low water, with juveniles more abundant near high water and adults near low water (see Figure 6). 
Larger toheroa, on average, will therefore be submerged for longer on each tidal cycle. Further, small 
toheroa have shorter siphons and consequently are found closer to the surface than larger toheroa. The 
implications are that small toheroa are more susceptible to damage from storms, crushing by 
vehicle/foot traffic, and to predation by birds. 

Maori customary take from Oreti Beach is monitored, and although sizes are not recorded, most are 
probably legal-sized toheroa (see Table 5). Based on the current legal-sized toheroa population 
estimate (165 000), and the maximum recorded customary harvest of about 400 toheroa in 2004, the 
exploitation rate is about 0.2% of the adult population annually. 

4.2 Growth 

The mark-recapture data for toheroa from Oreti and Bluecliffs Beaches in the 1970s analysed in this 
report are the most accurate and informative data available on growth of toheroa. Previously, the best 
data were from non-validated shell growth ring interpretation (Cassie 1955) of Oreti beach toheroa 
and some modal progression analysis of Northland toheroa (Rapson 1952). The analysis of the mark
recapture data indicates that toheroa at Bluecliffs Beach grow faster initially than those at Oreti 
Beach, attaining a length of about 80 mm within the first year (see Figure 10) and 100 mm (minimum 
legal size) within three years. This contrasts with the estimates based on shell ring counts by Cassie 
(1955) where the minimum legal size was not reached until 10 years. Neither dataset is capable of 
giving a categorical estimate of maximum age, but both are consistent with a maximum age of about 
20 years. It is notable that toheroa from Bluecliffs attain a greater overall size than those from Oreti 
Beach, i.e., maximum size at Oreti Beach in 2005 was 136 mm (Beentjes & Gilbert 2006) compared 
to 153 mm at Bluecliffs Beach. The adult modes were also larger at Bluecliffs. The mark-recapture 
analysis is not capable of determining if this difference is a result of faster growth at or greater 
longevity for Bluecliffs toheroa. 

14 



4.3 Yield per recruit 

A yield per recruit analysis was carried out using measured length-weight data for Bluecliffs Beach 
and growth data from the mark-recapture studies in the 1970s, and is the first such analysis for 
Bluecliffs. The validity of the estimated length-weight relationship and the estimated growth model is 
supported by similar estimates for Oreti Beach (Beentjes & Gilbert 2006). 

If we assume that the mean weight of toheroa harvested is about 130 mm (centre of adult mode), and 
apply the mean customary harvest from 2001-2004 (282), then this equates to about 90 kg 
greenweight. Our base case YPR recruit estimates, assuming an average population of 96 000 is about 
2.1 t (see Table 6), considerably more than the 90 kg harvested. It therefore appears that the harvest at 
current levels is well below what would be sustainable. 

There are two sources of uncertainty in our yield estimates. Firstly, they rely on the assumption that 
recruitment to the adult population would not be affected by harvesting. If the disturbance caused by 
harvesting reduced the settlement of spat or caused incidental mortality to juveniles, then potential 
yields would be lower than those estimated. Alternatively, if reductions in the population density 
caused by harvesting increased the average growth rate, then potential yields would be somewhat 
higher. We have no information to test these hypotheses. Secondly, the time series of surveys since 
1966 shows a declining trend in abundance, primarily due to physical changes to the beach. Our 
estimate of available yield depends on the assumption that no further physical changes will occur and 
that recruitment and survival will remain at their current levels. Survey evidence from other toheroa 
populations does not provide support for this assumption. 

Choice of an appropriate exploitation rate is arbitrary. Considerations include total yield, catch rate, 
amount of modification of the population from its virgin state, and relative change in population size 
from year to year. Our suggestion of an exploitation rate of 0.3 would produce a yield somewhat 
below the maximum possible, result in average catch rates being about half what they would be in a 
very lightly fished population, and reduce the mature population to about half its virgin biomass, with 
the average size of toheroa in the population being reduced from 190 to 156 g. The year-to-year 
variability in population size would increase, but without more detailed modelling of recruitment 
variability we cannot estimate by how much. 

4.4 Historical surveys of Bluecliffs Beach 

Despite the shortcomings in the historical survey designs and various methods used to estimate 
abundance, the time series indicates a dramatic decline in abundance of adult toheroa on Bluecliffs 
Beach between 1966 and 1972 when the population declined by 77% from about 2.2 to 0.5 million 
and then continued to decline gradually over the next 25 years until 1997 when the adult population 
was estimated at only 55000, or 2.5% of the 1966 population (see Figure 12). The current population 
is low compared with that of the 1960s and early 1970s but appears to have stabilised in recent years. 
Management measures were taken to address declining numbers of toheroa as early as 1932 
(McKinnon & Olsen 1994) and therefore it is likely the population has been considerably larger than 
in 1966. Toheroa populations in Northland are known to be subject to mass mortalities resulting in 
steep declines in the population biomass within only a year or two followed by recovery (Morrison & 
Parkinson 2001). The cause of these mortalities is largely speculative. Thus, the relatively low current 
population of toheroa at Bluecliffs Beach, may not be unusual when viewed over the long term. Oreti 
Beach has also experienced a decline in the toheroa population, although a lesser one, over much the 
same time frame (Beentjes & Gilbert 2006). Unlike Oreti Beach, however, Bluecliffs Beach is eroding 
with ongoing loss of sand from the beach, exposing rocks and gravel, changing the beach profile, and 
resulting in the loss of sand dunes (Beentjes et al. in press). This has resulted in a progressive 
reduction in the available habitat for toheroa. Not only has the distribution of toheroa contracted, but 
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of the current survey area, only 54% of the substrate is suitable for toheroa (sand and coarse sand) 
(see Table 4). The equivalent figure for Oreti Beach is 94% (Beentjes & Gilbert 2006). The causes of 
the erosion are unknown but may be linked to the reduced outflow and therefore sediment load from 
the Waiau River into Te Waewae Bay when water was diverted through West Arm Power station in 
1969. 

It is important to note that estimates of the toheroa population from Bluecliffs Beach from 1985 
onward are based on a length of beach about half that of earlier surveys. If there were still toheroa 
present west of the Waikoau River, or in areas that are no longer included in the survey, then 
abundance will have been underestimated relative to past estimates. The assumption is that toheroa 
are no longer present in any number outside the survey area. Continual erosion of the beach at the east 
end make it unlikely that there are any toheroa east of the Grove Bum, but this may not be the case for 
the bay west of the Waikoau River which, on last inspection in 2005, was fully covered in sand and 
appears to be suitable habitat for toheroa. Future surveys should include this beach in the survey 
design. There are also anecdotal reports of toheroa at the eastern most end of Te Waewae Bay (about 
15 km to the southeast) near Monkey Island, and this should also be included in a future survey. 

Because the historical surveys on Bluecliffs Beach did not target juveniles until 1997, the magnitude 
of annual recruitment and the extent to which recruitment strength translates into adult numbers 
cannot be determined. However, the exceptional recruitment index of 2005 should be tracked by 
surveys within the next few years to determine if this translates into an increase in adult abundance. 

The consistency in length frequency distributions over many years of surveys is notable. In general, 
they are characterised by a strong mode of juvenile toheroa (when juveniles were sampled) and a 
mode of adult toheroa, with relatively few of intermediate size. It is possible that sub-legal toheroa 
inhabit areas of Bluecliffs Beach below low water in the sub-littoral zone, providing an explanation 
for the consistently low numbers of sub-legal toheroa relative to adults and also the large seasonal 
variations in numbers during the Meridian surveys. The concept that toheroa migrate between the 
littoral and sub-littoral zone, where they would fall outside the survey area, has been suggested by a 
number of workers to explain large fluctuations in Northland toheroa populations (Cassie 1951, 1955, 
Waugh & Greenway 1967, Greenway 1969), although there is no evidence to support this theory. In 
contrast, underwater observations of the bottom using scuba on Bluecliffs Beach (Street 1970) (dives 
on three separate occasions in 1967, 1968, and 1970) along different sections of the beach 250 m out 
from low water, found no signs of toheroa and it was concluded that toheroa are not present in the 
sub-littoral zone in any number. The more likely explanation for the low numbers of sub-legals is that 
mortality of juveniles is high and that relatively few toheroa survive through to the sub-legal size 
range. Based on the growth curve constructed using the mark-recapture data, those that do survive 
grow rapidly and reach maturity at about 1 y. The strong mode between 110 and 145 mm represents 
the accumulation of multiple cohorts (3-20 y), within which growth has slowed substantially 
compared to the sub-legals, and mortality is low. There are, however, large seasonal variations. 

Toheroa at Bluecliffs beach have similar size distributions to those at Oreti Beach (Beentjes et al. 
2003, Beentjes & Gilbert 2006). In contrast, size structure of populations of toheroa in Northland 
differ from those in Southland with sub-legal toheroa being well represented, but large legal-sized 
(100 mm or over) toheroa largely absent (Morrison & Parkinson 2001, Akroyd et al. 2002). The 
smaller maximum sizes and lower numbers of large toheroa suggest either a higher natural mortality 
rate or a slower growth rate for Northland toheroa. 

Analysis of historical distributions of toheroa on Bluecliffs Beach indicate that the adult distribution 
has changed dramatically from the 1960s through to the present. Historically toheroa were distributed 
along the entire 11 km of the beach but are now largely aggregated into a 1 km section just west of the 
Rowallan Bum. 
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Table 1. Yield per adult model details. 

Model process 

Maximum age 

Maturity age 

Virgin biomass 

Recruitment age 

Recruitment 

Description 

Toheroa cease growing at the maximum age, but continue to suffer the 
same natural and fishing mortality rates. 

All toheroa reach adulthood at this age. 

The biomass of toheroa at or older than maturity age when there is no 
fishing. 
All toheroa reach minimum legal size at this age. 

Constant. 

Natural mortality Constant with age from maturity age (not modelled younger than this 
age). 

Fishing 

Growth 

Fishing occurs in a pulse after half the natural mortality has occurred 
(the exploitation rate is the proportion taken). 

All toheroa of an age have the mid-year mean weight and length for that 
age. 

Value 

20 Y 

1 Y 

Survey 
estimates 

3y 

0.23 y-I 

See 
above 

Table 2: Strata and transects used in the toheroa survey at Bluecliffs Beach in February 2005. 

Transects 

Stratum Length (m) Phase 1 Phase 2 Total 

998 3 4 
2 503 3 3 
3 507 3 7 10 
4 254 7 7 
5 253 4 2 6 
6 758 9 9 
7 510 3 2 5 
8 1289 3 0 3 

Total 5072 35 12 47 
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Table 3: Population estimates of toheroa at Bluecliffs Beach in February 2005. c.v., coefficient of 
variation; CI, confidence intervals. 

Legal-size (2': 100 mm) 

Stratum Mean number Variance Numbers Area squared 
per transect vanance 

2.3 4.3 22 455 1 058254 
2 0.7 1.3 3353 112448 
3 11.0 84.2 55770 2 164924 
4 7.0 21.7 17780 199692 
5 12.5 45.5 31625 485402 
6 2.9 5.1 21 898 326296 
7 2.4 28.8 12240 1498 176 
8 0.0 0.0 0 0 

Total 165 121 5845 192 
C.v. 14.6% 
95%CI ± 47 387 

Sub-legal (40-99 mm) 

Stratum Mean number Variance Numbers Area squared 
per transect variance 

2.3 4.9 22455 1 224255 
2 0.0 0.0 0 0 
3 1.4 1.8 7098 46840 
4 0.9 l.l 2177 10533 
5 0.8 0.6 2 108 6045 
6 1.2 1.4 9264 92214 
7 1.6 2.3 8160 119646 
8 0.0 0.0 0 0 

Total 51263 1499533 
C.v. 23.9% 
95%CI ± 24 001 

Juvenile « 40 mm) (sieved transects) 

Stratum Mean number Variance Numbers Area squared 
per transect variance 

41 98 409 180 48804196 
2 0.5 0.5 2515 63252 
3 7.5 4.5 38025 578360 
4 5.5 24.5 13970 790321 
5 18.5 60.5 46805 1936272 
6 3.5 0.5 26530 143 641 
7 13.5 12.5 68850 1 625625 
8 15.5 24.5 199795 20353632 

805670 74295300 
C.v. 10.1% 

Total 95%CI ± 168942 
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Table 4: Summary of substrate types in quadrats sampled in each strata on Bluecliffs Beach in 2005. 1, 
sand; 2, coarse sand; 3, sand and some gravel/stone; 4, sand and moderate gravel/stone; 5, sand and lots 
of gravel/stone; 6, sand and mainly rock; 7 rocks. 

Percent substrate ~Ee 

Strata 2 3 4 5 6 7 Total quadrats 

71 2 14 11 0 3 0 112 
2 18 0 17 17 18 21 10 96 
3 38 20 14 7 18 3 0 237 
4 41 11 15 6 14 6 7 153 
5 53 I 9 16 15 6 0 141 
6 50 6 12 6 10 16 0 174 
7 57 0 10 5 11 6 13 104 
8 70 0 4 2 4 9 11 53 

Total quadrats 506 80 l33 92 133 86 40 I 070 
Percent 47 7 12 9 12 8 4 

Table 5: Estimated customary take of toheroa from Bluecliffs Beach for calendar years 1998-2004. Data 
are from customary authorisation permits provided quarterly to the Ministry of Fisheries. 

Year Numbers 

1998 90 
1999 263 
2000 150 
2001 307 
2002 229 
2003 402 
2004 189 
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Table 6: Yield per recruit results for Bluecliffs Beach. Yield was obtained by applying the yield per 
toheroa in a virgin population to the mean estimated population number since 1990 (96 000). 

Assumptions Exploitation Yield per toheroa Mean weight of Equilibrium Yield 
rate of toheroa (g) in virgin toheroa (g) in biomass;::: 1 y (t) 

;:::3 Y population;::: 3 y exploited relative to virgin 
population;:::3 y biomass (%) 

Base case 0 0 192.0 100 0 
0.3 21.7 156.2 46 2.1 
1.0 27.2 132.5 21 2.6 

Max. age = 25 y, 
nat. mortality = 0.18 y-l 0 0 205.5 100 0 

0.3 18.9 158.8 37 1.8 
1.0 21.8 132.5 16 2.1 

Max. age = 15 y, 
nat. mortality = 0.31 iI, 
all die at 15 y 0 0 176.0 100 0 

0.3 25.6 152.9 58 2.5 
1.0 36.0 132.5 30 3.5 
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Table 7: Toheroa surveys of Bluecliffs Beach, including the 2005 survey. Transect 1 begins at east end. 

Survey 

number Survey date 

May-1966 

2 Dec-1966 

3 Apr-1967 

4 Nov-1967 

5 Mar-1968 

6 Dec-1968 

7 Mar-1969 

8 Nov-1969 

9 Mar-1970 

10 Oct-I 970 

11 Feb-I971 

12 Dec-1971 

13 May-1972 

14 Jun-1973 

15 Mar-1974 

16 Oct-1974 

17 May-I975 

18 Jul-1976 

19 Jun-1977 

20 May-1978 

21 Oct-I978 

22 Apr-1979 

23 Mar-I 980 

24 Nov-1980 

25 May-1981 

26 Jun-1982 

27 Feb-1984 

28 Jun-1985 

29 Sep-1987 

30 Mar-1990 

31 Mar-I 997 

32 Jul-1997 

33 Jan-1998 

Survey design 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Systematic 

Transects 

1- 35 

1-35 

1-35 

1-35 

1-35 

1-35 

1-35 

1-35 

1-35 

1-35 

1-35 

1-34 

1-35 

1- 35 

5-35 

1- 35 

1- 35 

4- 35 

1- 26 

1-35 

1-35 

1-36 

1-35 

10-13 

1-36 

1- 36 

1- 36 

1-19 

5- 19 

1-16 

1-19 

1-19 

1-19 

Dist. between 

transects (m) 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

321 

330 

250 

250 

250 

23 

Dist. (km) 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

II 

II 

II 

II 

II 

11 

II 

II 

II 

II 

6.1 

6.1 

5.3 

4.5 

4.5 

4.5 

Coverage 

Physical area 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

unknown 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to HumpBum 

1.6 km east of Grove Bum to east ofWaikoau* 

T#5 @Grove Bum 

T#I @GroveBum** 

T# I @Grove Bum 

T# I @Grove Bum 

T# I @Grove Bum 

Reference 

Street 1970 

Street 1970 

Street 1970 

Street 1970 

Street 1970 

Street 1970 

Street 1970 

Street 1970 

Street 1970 

Street 1972 

Street 1972 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

undocumented 

McKinnon & Olsen 1994 

Carbines 1997a 

Carbines 1997b 

Carbines 1999 

Funder 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

MAF 

Meridian 

Meridian 

Meridian 

Target size 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult 

adult and juv. 

adult 



Table 7 - continued 

Survey Dis!. between 

number Survey date Survey design Transects transects (m) 

34 Jan-1998 Random stratified 1--40 variable 

35 Aug-I 998 Systematic 1- 19 250 

36 Feb-1999 Systematic 1- 19 250 

37 Aug-1999 Systematic 1-19 250 

38 Jan-2000 Systematic 1- 19 250 

39 Jul-2000 Systematic 1- 19 250 

40 Feb-2001 Systematic 1- 19 250 

41 Aug-2001 Systematic 1- 19 250 

42 Feb-2005 Random stratified 1-47 variable 

* West ofT19 now stones and western transects can no longer be surveyed 
**Transect numbering changed on this survey and surveys thereafter 

24 

Coverage 

Dis!. (km) Physical area Reference Funder Target size 

5.07 T#I @Grove Bum Carbines & Breen 1999 MFish adult and juv. 

4.5 T# I @Grove Bum Carbines 1999 Meridian adult and juv. 

4.5 T# I @Grove Bum Carbines 2000a Meridian adult 

4.5 T#! @Grove Bum Carbines 2000a Meridian adult andjuv. 

4.5 T# 1 @Grove Bum Carbines 2000b Meridian adult 

4.5 T#! @Grove Bum Carbines 2000b Meridian adult and juv. 

4.5 T# I @Grove Bum Beenljes & Carbines 200 I Meridian adult 

4.5 T# 1 @Grove Bum Beentjes & Carbines 200 I Meridian adult and juv. 

507 T#I @GroveBum Beentjes & Gilbert in prep MFish adult andjuv. 
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Figure 1: Map of Southland showing the toheroa survey areas at Oreti Beach and Bluecliffs 
Beach. 



Figure 2: Map of Bluecliffs Beach (within Te Waewae Bay). The eight strata used for the 1998 and 2005 random stratified transect surveys are shown as well as the 
transect locations (bordered) for the historic systematic transect surveys. Map reproduced by permission of Lands Information New Zealand. 
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Figure 3: Length frequency distribution of sampled toheroa on Bluecliffs Beach in February 2005 from 
all, non-sieved, and sieved transects. Scale 0-5 mm, 6-10, 11-15 etc. 
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Figure 4: Distribution plots of toheroa on Bluecliffs Beach from the 2005 survey. Stratified 
random transects were used targeting all sizes. The survey covered an area of the beach 
overlapping with historical transects 5 to 20. 
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Figure 4 - continued 
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Figure 5: Cumulative distribution of toheroa along Bluecliffs Beach in February 2005 for the three 
size groups. 
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Figure 6: Proportion of toheroa population versus distance down the beach for legal-sized, subadult, 
and juvenile toheroa on Bluecliffs Beach in February 2005. 
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Figure 7: Fitted length-weight relationship for B1uecliffs Beach toheroa (left) and residuals 
(right). The relationship was fitted to lengths 80 mm and over. The standard deviation was 
proportional to weight. 
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Figure 8: Examples of the two alternative growth increment models tested for toheroa. The von 
Bertalanffy curve (dotted) is a linear function of length and meets the x-axis at Looo The 
exponential curve (solid) declines asymptotically to zero as length increases. 
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Figure 9. Growth increment residuals for von Bertalanffy and exponential growth models of 
Bluecliffs Beach toheroa. 
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Figure 10: Mean growth curves based on tag increment data for von Bertalanffy and exponential 
growth models of BIuecliffs Beach toheroa. These curves assume that length is 0 mm at age 0 y 
(to = 0). They represent toheroa that follow mean growth each year. 
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Figure 11. Yield estimates at constant recruitment and constant exploitation rates for Bluecliffs 
Beach toheroa. Top panel: hypothetical yield per mature toheroa in a virgin population plotted 
against corresponding biomass. Biomass is expressed as a proportion of virgin biomass. All 
toheroa at least 1 yare assumed mature and all toheroa at least 3 yare assumed to have reached 
minimum legal size. Bottom panel: yield plotted against exploitation rate. 
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Figure 12: Bluecliffs Beach population number estimates for toheroa ?75 mm (1966-1978), 
?100 mm (1979~2005) (top panel), and juveniles (1997-2005) (bottom panel). Juveniles 
defined as <40 mm for MFish Jan 1998 and 2005 survey, and <45 mm for others. 95% 
confidence intervals are shown for surveys from 1997 onward. 
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Figure 13: Length frequency distributions of toheroa on Bluecliffs Beach from surveys between 
1966 and 2001. 
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Figure 13 - continued 
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Figure 14: Distribution plots of toheroa (all sizes) on Bluecliffs Beach from surveys carried out 
between 1971 and 2001. All surveys used systematic transects (see Figure 2 for transect locations). 
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Figure 14 - continued 
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Figure 14 - continued 
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Figure 14 - continued 
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Figure 14 - continued 
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Figure 15: Distribution plots of toheroa (all sizes) on Bluecliffs Beach from a survey carried out 
in 1998. Stratified random transects were used targeting all sizes. The survey covered an area 
ofthe beach overlapping with historical transects 5 to 20 (see Figure 2 for transect location). 
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Figure 16: Historical distribution oftoheroa on Bluecliffs Beach from surveys in June 1966, Oc 
and February 1984 (see Figure 2 for transect locations). 
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