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EXECUTIVE SUMMARY 

Morrison, M.; Taylor, P.; Marriott, P.; Sutton, C. (2001). An assessment of information on blue 
mackerel (Scomber australasicus) stocks. 

New Zealand Fisheries Assessment Report 20W44.26 p. 

Catches of blue mackerel have increased substantially since the early 1990s, and in some years have 
exceeded 13 000 t. However, little information is available on the status of the stocks, even for basic 
biological parameters such as growth, age, and mortality. This report presents the current state of 
knowledge on blue mackerel stocks in New Zealand waters. 

Aerial sightings data have been collected for blue mackerel and other surface schooling pelagic 
species since 1975. Aerial sightings data fiom East Northland, the Bay of Plenty, and QMA 1 (the two 
areas combined) were used to generate temporal abundance indices. Three trimming ranges (0, 20, 
50%) were used to assess the influence of large data outliers. Sigmficant positive relationships of 
abundance with fishing year were found for some of the indices generated; in particular for East 
Northland and QMA 1 for indices involving a tonnage estimated by spotter plane pilots over the first 
one or two hours .of flying. Only one signrficant negative relationship was found, for a 50% trimmed 
analysis. These results suggest that blue mackerel aerial sightings data are not suitable for use as an 
index in a stock reduction analysis, as declines in abundance over time were not present (a necessary 
condition for such an analysis). 

The catch per unit effort (CPUE) of the northern purse-seine fishery was also examined for 
explanatory power. This data source held little or no information that would be useful in a stock 
reduction analysis. Some of the basic assumptions required for the application of CPUE analyses were 
also violated, due to t& fishery targeting surface schools, and variability in fishing effort due to 
market forces, and the availability of other target purse-seine species, independent of blue mackerel 
abundance. 

An otolith kdlection taken from the purse-seine fishery in 1997-98 (with the addition of some 
historical archived samples) was processed and used to estimate growth and mortality rates. Growth 
was relatively rapid over the first 5 years, but become negligible after 12 years. No difference in 
growth rate was apparent between the sexes. Application of a derived age-length key to a length 
frequency generated fiom catch sampling of the purse-seine fishery found the fished population to be 
dominated by 3-12 year old males, and 4-13 year old females. Using age estimates fiom otoliths 
collected during the mid 1980s when fishing pressure was presumably light, natural mortality 
estimates of 0.22 for males and 0.20 for females were derived (Hoenig's method). 

Currently, insufficient data are available to carry out a successful stock assessment of this species. 



I. INTRODUCTION 

1.1 Overview 

Three species of scombrid mackerel (Scomber japonicus, S. scombnrs, and S. australasicus) 
occur in the world's waters which support substantial pelagic fisheries (Sato 1990, Matsuda et al. 
1992, Villacastin et al. 1992, Gregoire 1993,\1996). Only S. australasicus (blue mackerel) occur 
in New Zealand waters, and they are widespread in North Island and northern South Island 
waters, as well as being found in Australian waters (Robertson 1978). Work by Rodhe (1987) 
using parasitological indicators strongly suggested that the New South Wales and New Zealand 
populations form separate stocks. 

Little is known about S. australasicus in comparison with the other two species. In recent years 
the catch of this species in New Zealand waters has grown substantially, primarily through the 
purse-seine fishery. Catches peaked in 1991-92 at more than 15 000 t, of which 60-70% was 
taken by purse-seine. Most of the purse-seine catch comes from the Bay of Plenty and east 
Northland, where it is primarily fiom July to December. There is also a significant bycatch of 
blue mackerel in the jack mackerel trawl fishery of the Challenger region. 

Blue mackerel are not c m t l y  managed within the Quota Management System (QMS), but are 
likely to be brought into this system in the near future. Little is cmently known about the status 
of blue mackerel stocks. Even basic biological parameters such as age, growth, and natural 
mortality are not available. No estimates of cment and reference biomass or yield are available. 
Given the impending introduction of blue mackerel into the QMS, a review of the information 
available for a possible stock assessment is required. This report presents results from an analysis 
of the aerial sightings database for blue mackerel, an ageing study carried out on otolith samples 
fiom the Bay of Plenty purse-seine fleet, ahd a catch per unit effort (CPUE) analysis on the purse 
seine fishery for 1991-99. These constitute the main sources of available information on the 
fishery. If sufficient information content is present, then a formal stock assessment may be carried 
out. 

The work was funded by the Ministry of Fisheries thrwgh contract EMA.9801. 

The objectives of this study were as follows 

1. To determine age, growth and natural mortality of blue mackerel in QMA 1. 

2. To develop a stock assessment model for the blue mackerel fishery in QMA 1. 

1.2 Description of the fishery 

Blue mackerel are taken by a number of methods in all QMAs, but principally north of 43" S 
(Kaikoura). They are not currently in the Quota Management System but comprise a sipficant 
proportion of the landings fiom purse-seine fisheries. Overall reported catches from all methods 
peaked in 1991-92 at about 15 000 t, of which 60-70 % was taken by purse-seine operations. 
Most of the purse-seine catch comes fkom the Bay of Plenty and east Northland. There is a 
distinct seasonality of catches, with most being taken fiom July through to December. Significant 
landings are also taken as a bycatch of the jack mackerel trawl fishery in QMAs 7 and 8. 



2. REVIEW OF THE FISHERY 

2.1 Catch limits and landings 

Reported landings are given in Table 1. 

Table 1: Reported landings (t) of blue mackerel by QMA, and where area was unspecified (Unsp.), 
from 1983-84 to 1998-99. 

QMA 1 2  3 4 5 6 7 8 9 10# Unsp Total 
1983-84* 480 259 43 0 <1 0 36 190 19 0 1 548 
1984-85* 565 222 18 0 0 0 144 716 5 0 73 1 743 
1985-86* 618 30 189 0 €1 0 216 190 2 0 51 1296 
1986-87t 1 431 7 423 0 €1 0 248 231 10 0 49 2 399 
1988-89t 2 641 168 863 <1 <1 0 1114 781 4 0 58 5625 
198940t 1580 €1 1115 0 0 26 662 332 27 0 469 4211 
1990-917 5 783 94 477 0 <1 0 2469 535 0 0 0 9358 
1991-92t 10926 530 65 0 0 0 2255 1 352 0 0 0 15 128 
1992-93t 10684 309 124 2 7 0 1 494 386 0 0 0 13006 
1993-94t 4178 218 219 3 <I  0 975 367 60 5 0 6 025 
1994-95t 6734 94 148 5 <1 0 1 188 385 231 10 149 8 944 
1995-96t 4 170 119 171 1 €1 4 1205 12 1 0 1 5 680 
1996-97t 6 754 78 339 €1 <1 0 2 475 40 22 0 4 9708 
1997-98t 4 595 122 77 0 €1 4 2 116 106 88 0 (1 7104 
1998-99t 4 505 145 61 €1 0 0 5 466 3 306 6 0 4 13493 
*, FSU data, f CLR data, # Landings reported from QMA 10 are probably attributable to 
Statistical Area 010 in the Bay of Plenty (i-e., QMA 1). 

2.2 Nontommercial fisheries 

Blue mackerel do not rate highly as a recreational species although they are popular as bait. 
Recreational catch in the northern region (QMA 1) was estimated at 114,000 fish by a diary survey 
in 1993-94 (Bradford 1996) and 47 000 fish in a national recreational fishing survey in 1996 
(Bradford 1998). Catches in other regions are low (1 00&3 000 fish). Some confusion exists 
between blue and jack mackerels in the r~~reational data. 

3. RESEARCH 

Two data series were examined for possible changes in relative indices; sightings from the aerial 
sightings database, and catch per unit effort (CPUE) from the purseaeine fishery in Tauranga. 
Age, growth, and mortality estimates were also made fiom an otolith collection available from the 
Tauranga purse-seine fishery, and fiom archived otolith fiom the west coast of the North Island, 
the Hauraki Gulf, and the Bay of Plenty. Data fiom catch sampling of the purseseine fishery in 
1997-98 (courtesy of Sanfords Ltd) was also available in the form of scaled length frequencies 
for male, female, and all fish combined. 



3.1 Analysis of aerial sightings data 

3.1.1 Background 

Aerial sightings data are recorded by pilots working in conjunction with the purseseine fleet. 
Their primary aim is to identify fish schools of appropriate species composition and size 
according to the target requirements of the vessels, which are controlled mostly by market 
demands. Because data collection is incidental to the fishing operation and standard methods like 
line transect and quadrat surveys are not followed, the method is often referred to as 
"opportunistic". Data collection includes the pilots' estimates of school size and the number of 
schools in each sighting, the location of each sighting, takeoff and landing times and airfields, and 
the amount of time they spend within coded areas as defined by a grid of haKdegree squares. 

With experience, pilots are able to determine school size and the species composition of each school, 
using a combination of colour, swimming movements, and schooling behaviour. The pilots' ability to 
determine these characteristics of the schools is learned by comparing their estimates with 
infinmation fiom the vessels after the targeted schools are landed. The accuracy of this estimation 
has not been quantified, although anecdotal information suggests that pilots become highly skilled, to 
ensure that the schools chosen for fishing meet the vessels' target requkments. 

Blue mackerel is one of the seven main purseseine target species, which also include skipjack tuna 
(Kirtstrwon~(s pelam&), trevally (Pseudocaram denfa), jack mackerels (Trachum declivis, T. 
symmetricus murphyi, and T. novaezelandiae), and kahawai (Arripis tnrtta). Pilots record all 
sightings of each species they encounter within a flight, although there may be a tendency to ignore 
schools that lie at the extreme of a pilot's vision when it is clear to the pilot that they are not of the 
size or species composition required by the vessel(s). Therefore, there is probably some bias in the 
data, depending on whether a species was target or non-target at the time the sightings data were 
collected. 

The purse-seine fishery in QMA 1 dates back to 1976 and has developed h m  being a summer 
fishery primarily targeting skipjack tuna. As the fishery expanded, "ofZseason" targets of trevally 
and kahawai were included, and this "tri-species" fishery continued, with occasional targeting of the 
other species, until 1993-94, when more restrictive catch limits were introduced for kahawai. This 
resulted in a change to the "off-season" target species, which now include kahawai, jack mackerel, 
and blue mackerel. Because there are no catch limits on blue mackerel and % market value is higher 
than that of jack mackerels, blue mackerel have now become the preferred "ofiseason" species. 

A number of indices of relative abundance have been described for blue mackerel in QMA 1 using 
the aerial sightings data. Bradfimd & Taylor (1995) produced several indices, including a presence 
absence or binomial index, annual medians of the number of schools and total tonnage sighted, and 
smoothed indices using monthly medians summed over Mdegree squares. They found some 
conflict between the indices, and apart fiom a peak in the late 1980s, little change throughout the 
time series. Annual means (by fishing year) of total tonnage and number of schools were used as 
indices by Taylor (1999, unpubl. results), but an independent examination of the aerial sightings data 
by Sampson (2000) has shown that that they are not a reliable measure of relative abundance because 
they are not standardised by the amount of flying. 



3.1.2; Methods 

Tonnage and number of schools. 

Estimates of sighting tonnage were based on methods described by Taylor (unpubl. results), who 
showed that estimates based on the geometric mean are more reliable than those based on an 

arithmetic mean. Therefore, tbnnage (T) of the ith sighting of thejth species in the kth area can be 
estimated using the geometric mean of the maximum and minimum tonnage, and the number of 
schools 

where n is the pilot's estimate of the number of schools sighted, andxl and xz are the pilot's 
A m 

estimates of the minimum and maximum school size. In the present case Tgk reduces to T,, 
because there is a single area and species. 

Relative abundance indices - tonnes sighted per hour of flying. 

Pilots sometimes record an estimate of the total tonnage in the sighting. Tbis "pilot's estimate" 
was identified by Taylor (unpubl. results) as the best estimate of total tonnage compared with the 
"calculated estimate" in Equation 1. Following Taylor's approach, the relationship between the 
"pilot's estimate" and the "calculated estimate" was used to calculate a best estimate of total 
tonnage for those sightings where a pilot estimate was not provided. The method comprised the 
following eight steps. 

1. Sightings of blue mackere'l over two different time h e s  were extracted fiom the database: 
during the first hour and during the first 2 hours. 

2. Sightings where the "pilot's estimate" was recorded were extracted as a subset of the data. 
3. "Calculated estimates" were determined for the subset using Equation 1. 
4. Coefficients for the regression of the "calculated estimate" and "pilot's estimate" fiom the 

subset were determined using 

5. Best estimates of total tonnage were calculated in the overall dataset where the "pilot's 
estimate" was missing, using 

where a and b are the parameters (intercept and slope respectively) Gorn the regression in step 
4. 

6. The missing "pilot's estimates" in the overall dataset were replaced with best estimatesfiom 
step 5. 

7. Best estimates for the overall dataset were summed by individual flights and, to standardise to 
1 hour, divided by the number of hours flying that was used as the basis for data selection in 
step 1 - this gave a ''tomes sighted per hour" estimate for each sighting. 



8. Annual indices of relative abundance were estimated asthe means and standard errors of the 
estimates for each sighting by fishing year, using all data to estimate untrimmed means, and 
the method of Staudte & Sheather (1990) to estimate trimmed means at the 20% and 50% 
levels (Appendix 1). 

Each of the time series was investigated for the presence of linear trends through linear 
regression. Regressions were weighted using the inverse of the standard error, so that those points 
less well estimated had less influence on the curve fit. Curves were fitted using the non-linear 
curve fitter in Sigmaplot 6.00 (SPSS Inc.) Curves were fitted for the full data sets, and with the 
1991 data omitted, to assess the effect of this year on fits (given the unusually high values for 
many of this years indices). 

3.1.3 Aerial sightings results 

Mean annual tonnages per standardised hour for east Northland showed significant positive trends 
over time, for the hour observation period, for both untrimmed and trimmed data (Figure 1). No 
significant trends were found for the two hour observation period. For all East Northland indices, 
omitting the 1991 data improved regression fits. Mean annual tonnages per standardised hour for 
the Bay of Plenty showed no significant trends for any of the indices, apart fiom a positive 
relationship for the 2 hour observation period with a 50% trim factor (Figure 2). Omission of the 
1991 data had little or no effect. For QMA 1, all mean annual tonnage indices per standardisd 
hour showed a significant positive relationship with time (Figure 3). Omission of the 1991 data 
improved the regression fits. 

3.2. Purse-seine CPUE analysis 

Purse-seine data were extracted from the relevant MFish CELR database for the period 199l-99. 
Only records where blue mackerel was the specified target were used. The data was groomed and 
replicate records removed. The unit of CPUE was set as the total catch of EMA per day fished, 
and individual data records were combined where appropriate. There were no zero catches. A 
total of 716 records was available. Data fields included fishing year, month, fishing area (008 or 
009), net length, vessel, and sea temperature (as measured by the fishing vessel). 

A CPUE index of log (tomes per day) was used for the analysis. Using logged values results in a 
multiplicative model, where the effect of each variable is to multiply the expected CPUE by a 
factor whose value depends on the value of the variable. 

The form of the model was: 

or equivalently 

CPUE, = e x p o  * exp(YiJ * exp(AjJ * exp @d * exp(Clt) +. . ... + E~ 

where cpw is the catch per unit effort for a particular day, 
M is an overall mean for log (CPUEJ, 
Yit is the effect on log(CPUE,) of day t being in the ith year 



Aj t is the effect of variable A having value j 
Bkt is the effect of variable B having value k 
(A is the effect of variable C having value 1 
Et is the error in log(CPUEJ, with zero mean and 

independently normally distributed 

CPUE values were regressed against each of the possible predictor variables to determine which 
explained the greatest amount of variability in the CPUE. The best variable was then included in 
the model, and the model rerun with this variable plus each of the additional variables in turn to 
find the next most predictive variable. This stepwise regression procedure continued until adding 
an additional variable added less than 1% to the overall estimated R' value. 

Variables in a regression model can take two forms: either categorical, in which they take on 
particular discrete values with no inherent ordering, or continuous, allowing them to take the 
value of any real number. The year of the set is a categorical variable. Therefore the regression 
coefficient for each of the years can vary independently. The regression coefficients represent the 
change in CPUE over time. A possible index of abundance can be estimated fiom the year 
coefficients (Doonan 1991) by 

where 
A 

Y i  is the regression coefficient for year i 
A 

Ybase is the regression coefficient for the base year to compare 
against 

The variance of this estimate is 

If all other effects on the CPUE have been incorporated as variables, differences in the year 
effects may be attributable solely to changes in abundance, and can be viewed as an index of 
abundance. 

3.2.1. CPUE results 

Results of the stepwise regression are given in Table 2. Month explained the greatest proportion 
of the variation. This agrees with the strongly seasonal catch patterns of this fishery (July- 
December). This was followed by fishing year, and then by vessel and water temperature, with 
each of these accounting for only a small proportion of the variance. The overall variance 
explained by the regression was 13.75%. No trend with time (fishing year) was apparent for the 
CPUE series (Table 3). 



Table 2: ResuIts of stepwise regression analysis. Variables are given in the order in which they were 
selected into the linear model (of catch per day) and the model R' at each step. 

Variable Model R' 

Month 0.0815 
Fishing year 0.1030 
Vessel 0.1224 
Water temperature 0.1375 

Table 3: Fishing year indices, standard errors, and sample sizes. 

Fishing year 

199 1 (base) 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 

Index 

1 .ooo 
0.391 
0.706 
0.9 17 
0.120 
0.395 
0.599 
0.328 
0.345 

Records 

39 
142 
128 
6 1 

lo6 
42 
82 
68 
48 

3.3 Otolith ageing and growth estimation 

Otoliths collected between September and November 1997 were available from the Bay of Plenty 
commercial purse-seine fishery. This set contained fish of 33 to 52 crn fork length (F'L). Juvenile 
blue mackerel were collected during a trawl survey off the west coast of the North Island in 
November 1999 (KAH9915; Morrison & Parkinson 2001), to provide smaller fish. Otoliths were 
also retrieved from an archival collection, to provide additional juvenile samples, and to allow for 
the estimation of maximum age in the stock, fiom a time when fishing pressure was presumably 
light (early 1980s) (otoliths fiom research voyages KAH8202 and KAH8203, Hauraki Gulf; 
KAH8303, Bay of Plenty). 

During preparation, up to five otoliths were embedded in blocks of clear epoxy resin (Araldite 
K142) and cured at 50 OC overnight. Once hardened, a 1 mm thick transverse section was cut 
&om each block, through the primordia, using a Struers Accutom-2 high speed saw. The thin 
section was ground and polished on one side and mounted (polished surface down) on a glass 
slide using quick setting epoxy resin (5-minute Araldite). The upper surface of each slide was 
ground on a Struers Planopol-2 grinder with a series of progressively finer carbonmdum papers 
(400, 800, and 1200 grit) to a thickness of about 350 pn (where increment clarity and resolution 
were optimal for this species). An aqueous suspension of alumina powder (Linde A) was used for 
the final polish. 

Thin sections were read with a bright field stereomicroscope (x100). A pattern of hyaline (light) 
and opaque (dark) zones was evident. The number of complete opaque zones (i.e., opaque zones 
with hyaline material outside them) was counted to obtain an age estimate. Fish length and sex 
were always unknown to otolith readers. 



Before ageing estimation, a sub-sample covering the total size range of fish was assessed to 
formulate a standardised reading procedure. Once the readers were confident with their 
interpretation of these otoliths, the entire sample was aged. 

Counting growth rings in otoliths is subjective; different readers may produce different results for 
the same otolith. To assess %etween-reader" variability, two readers independently read all 
otoliths. Both readers assigned each otolith a zone count, and used a readability value to indicate 
the degree of confidence they had in the zone count. The readability scale used was: 

1 = zones very clear (the reader had a high level of confidence in their band count) 

2 = zones relatively clear (the reader may be up to 1 band out) 

3 = zones average in clarity (the reader may be up to 2 bands out) 

4 = zones relatively unclear (the reader was not confident in band count, possibly more than 2 
bands out) 

5 = zones unreadable 

When there was disagreement between the two reader's first age estimates, otoliths were re  
examined jointly, using a microscope and image enhancing software. Consensus on the zone 
count was reached or the otolith was discarded fiom the analysis. 

In young fish (under 6 years) the distance fiom the last visible opaque zone to the otolith edge 
was classed as either narrow, medium, or wide. This was based on the relative distance between 
the two outermost. opaque zones. This variable was used in the conversion of zone counts to 
estimated ages. 

Blue mackerel otoliths are small, thin, and curved distally. The purseseine otolith collection had 
been used previously for whole otolith reading, and the otoliths were initially stored dry in paper 
envelopes. This resulted in many of the otoliths being broken, usually through the prirnordium. 
Broken otoliths were often difficult to interpret, particularly if hctured through the nuclear 
region from where the thin sections were taken. Interpretation was further hindered as the otoliths 
had been subsequently attached to moulded plastic trays using dichloroethane. This practice 
appeared to reduce the contrast between opaque and hyaline bands, especially towards the 
margins of the sections. 

In finished preparations false checks were often evident. This made it difficult to determine 'annual' 
bands. This problem was minimal in fish older than age 6 because bands were more regular in the 
outer margins, enabling a clearer interpretation of the earlier years to be attained. 

To convert zone counts in otoliths to estimates of age it was necessary to how: 

(i) when spawning occurs 

(ii) when the formation of the opaque zone in the otolith is completed 

(iii) when sampling was conducted 



Blue mackerel have an annual reproductive cycle with a summer spawning season (Stevens et al. 
1984; Stewart et al. 1999). By convention, a 06 1 January was used for all the fish 
examined in this study. 

Using oxytetracycline markers, Stewart et al. (1999) have shown that opaque bands are formed 
annually during winter but do not become visible until spring or early summer. They noted that 
an association was present between the growth rate of the otolith and the detection of the opaque 
zone, with the zone becoming apparent earlier in faster growing fish. These relationships between 
growth rate and the probability of correctly assigning an age class have important implications for 
ageing blue mackerel, and so it was necessary to determine marginal width accurately. Stewartet 
al.'s findings were used as the basis of the conversion from zone counts to estimated ages. 

The information on time of spawning, time of zone formation, and sampling time was used to obtain 
an estimated age fiom otolith zone counts. For example, an otolith sampledon 1 November, with a 
single opaque m e  and a wide mar& hyaline zone would be allocated an age of 1 year and 20 
months (1.8 years). The wide mar@ hyaline zone indicated that the opaque zone formed in the 
second winter was not yet apparent. If the marginal hyaline zone was narrow or of medium thickness 
the otolith would have been attributed an age of 0.8 months. 

Von Bertalanffy growth curves were fitted to the age-length data using a non-linear least-squares 
regression procedure (Ralston & Jennrich 1978). All otolith readings of sufficient quality were 
used in these estimates (purseseine, archival and west coast North Island juveniles combined). 
Separate equations, and mean lengths at age were calculated for each sex and for males and 
females combined. 

Estimates of instantaneous natural mortality (M) were calculated for both male and female fish 
using the method of Hoenig (1983). M was derived fiom the equation: 

where 

p = proportion of the population reaching age A (or older) in an unexploited stock (set 
at 0.0 1 for this study) 

A = the maximum age reached by 1% of an unfished population (Sparre et aL 1989). 

3.3.1. Ageing and growth results 

Growth curve parameters are given in Table 4. Individual fish ages, mean length-at-age, and 
fitted von Bertalanffy curves are plotted in Figures 4-7. These estimates are based on all otolith 
data combined (purse-seine, archival, and west coast North Island juveniles). 



Table 4: Von Bertalanffy growth parameters for bIue mackereI (all otolith data combined) 

L m  

K 

To 

Age range 

Males and (unsexed) Females and (unsexed) Combined 

Male blue mackerel reached a maximum age of 21+ years. Females were aged to a maximum of 
23+ years. Von Bertalanffy curves for male and female fish were very similar, with females 
having a marginally greater L, , and a correspondingly lower value for k. Male and female fish 
had rapid growth for the first 4-5 years, but growth was negligible after about 12 years. The 
otolith aged suggest a value of A of about 21 years for males and 23 years for females, giving 
estimates for M of 0.22 and 0.20 respectively. These samples were not fiom virgin populations, 
so M may be overestimated. 

3.4 Estimation of age structure of commercial catch 

Shed sampling data was available fiom commercial catches taken in the Tauranga based purse- 
seine fishery. An age-length key was constructed from the otolith data (Appendix 2), and applied 
to the scaled length frequency distribution from the catch sampling (Figure 8), to provide an 
estimate of age structure for the fished blue mackerel population. The age structure of the fished 
population was composed mainly of fish 4-12 years old, with a tail of older fish up to 19 years in 
age (Figure 9). No fish less than 4 years old were caught for females, and less than 3 years old for 
males. 

4. DISCUSSION 

This report summarises the main data sources available for blue mackerel that might be suitable 
for use in a stock assessment model. However, neither of the two time series available (aerial 
sightings and purse-seine catch/effort) displayed any decline in abundance through time; many of 
the aerial sightings indices actually showed a statistically significant increase. In the absence of 
other auxiliary data, a lack of decline in these indices precludes their use in a stock reduction 
analysis. 

The time series indices of relative abundance from aerial sightings data presented here indicated 
an increasing trend in the abundance of blue mackerel in east Northland and QMA 1, but a flat 
series in the Bay of Plenty. This is similar to the results of Bradford & Taylor (1995), who found 
an increase in median tonnage fiom the late 1980s to 1992, although the time series they used was 
not as long. It has been suggested that the large peak in the aerial sightings index for east 
Northland and QMA 1 in 1991 might be a result of a change in flying patterns in response to a 
low abundance of skipjack tuna (Tom Birdsall, Sanford Ltd, .pers. comm.). This could provide 



useful insight into the cause of a markedly different year index datapoint (that sigmficantly 
affected many of the regression fits), but it was not within the scope of the present study to 
investigate this suggestion fuaher. Removal of the 199 1 point increased the significance of the 
regression by reducing the standard error of the fits, but also reduced the slopes. 

The CPUE analysis did not contain any temporal trend. In addition, using catch effort data fiom 
the purse-seine fishery resulted in the violation of a number of conditions that should be met for 
use of such data. Not the least of these was that due to the visual targeting of schools using spotter 
planes, the gears may be effectively 'saturated' i.e., search time is minimal, while catch is 
maximal. Changes in availability of other target pelagic species (e.g., skipjack and kawahai) may 
also have strongly affect patterns of fishing, along with changes in what the market required in 
terms of demand and fish sizes. Such factors are ignored in the CPUE analysis, but may have had 
as great, or greater, an idluence on catches as did actual fish abundance. 

The ageing data presented in this report are the first for New Zealand blue mackerel stocks. Blue 
mackerel were found to grow rapidly in their first 4 to 5 years of life, with growth then slowing 
down. After age 12 growth was negligible. Estimates of growth for males and females were very 
similar. Comparison with work done for the same species in southeastern Australia (Stevens et al. 
1984) found good agreement between the two studies. Fish fiom Australia were also fast growing 
for the first 5 to 6 years, with a slowing of growth beyond this point. Estimates of Von 
Bertalanffy growth parameters fiom the Australian study were L, 44.1 cm; k, 0.24; to, -1.79 
years, with fish being aged fiom 1 to 9 years old (c.f. 50.0, 0.23, -1.01, ages 0.2-23.9 for this 
study). These findings suggest that the growth rates of New Zealand and Australian fish are 
similar, but that New Zealand fish grow larger and live longer. However, it appears that the fish 
aged by Stevens et al. (1984) were collected by trawling (versus purseseining in this study); 
differences in the vulnerability of different sizelage classes to different catching methods cannot 
be discounted. 

The relatively large negative value for to in the present study might be explained by 1. all samples 
being collected with large mesh gears, resulting in a sampling bias towards larger individuals in 
any year class (over the range of incomplete retention by the gear), and a concurrent bias towards 
negative values of To, andlor 2. given a suspected broad summer spawning pattern, an inaccuracy 
in the assumed 1 January birth date for many fish. Neither potential effect can be quantified in the 
present study. 

In conclusion, the available data is not sufficient for a formal stock assessment for this species. 
Other approaches will need to be developed to allow for a more quantitative approach to 
managing this fishery. 
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Figure 1: Mean annual tonnage indices sighted in east Northland per a) first 1 hour of flying time and, 
b) per hour for the first 2 hours of flying time. Error bars are 1 standard error. Trim values are 0,20 and 50%. 
The significance level was set at 0.05. Regressions were calculated for all data, and with the 1991 data omitted 
All regressions are shown (Sig, significant; Ns, not-significant); for each graph the upper values are for all data, 
the lower values for the data with the 1991 point excluded. 
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Figure 2: Mean annual tonnage indices sighted in Bay of Plenty per a) 1 hour of flying time and b) per 2 hours 
of flying time. Error bars are 1 standard error. Trim values are 0,20, and 50%. The significance level was set 
at 0.05. Regressions were calculated for all data, and with the 1991 data omitted. All regressions are shown 
(Sig, significant; Ns, not significant); for each graph the upper values are for all data, the lower values for the data 
with the 1991 point ommited. 
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Figure 3: Mean annual tonnage indices sighted in QMA 1 per a) first 1 hour of flying time and 
b) per hour for the fvst 2 hours of flying time. Error bars are 1 standard error. Trim values are 0,20, and 50%. 
The significance level was set at 0.05. Regressions were calculated for all data, and with the 1991 data 
omitted. AU regressions are shown (Sig, significant; Ns, not ~ i g n ~ c a n t ) ;  for each graph the upper values are 
for all data, the lower values for the data with the 1991 point excluded. 
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Figure 4: Individual age-length estimates, mean length-at-age, and von Bertalanffy curves 
for males and unsexed blue mackerel. All data from purse-seine, archival, and juvenile 
west coast North Island collections are included. 
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Figure 5: Individual age-length estimates, mean length-at-age, and von Bertalanffy curves 
for female and unsexed blue mackerel. All data from purse-seine, archival, and 
juvenile west coast North Island collections are included. 
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Figure 6: Individual agelength estimates, and von Bertalanffy curves for male, female 
and unsexed blue mackerel. All data from purse seine, archival, and juveniIe 
west coast north island collections are included. 
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Figure 7: Individual age-length estimates, and von Bertalanffy cuwe for all fish combined. 
All data from purseseine, archival, and juvenile west coast North Island collections 
are included. 



Males 

Females 

fish 

-+- 
0 10 20 30 40 50 

Size class (cm) 

Figure 8: Scaled length frequencies for the commercial catch from purse-seine 
(from Sanfords Ltd catch sampling). a, proportion of males; b, proportion 
of females; c, total proportions, both sexes combined. 
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Figure 9: Age structure for the purse-seine fished population, for males, females, and 
all fish combined. 



Appendix I : Symmetrically trimmed means 

The (a, B) trimmed mean (T) of x with distribution F is defined by 

which is a descriptive measure of location provided that a = fly when it is called the 2P trimmed mean, or 
the symmetrically trimmed mean (Staudte & Sheather 1990). Staudte & Sheather (1990) list four important 
properties of trimmed means. 

1. They are robust to outliers, up to 100PD/o on each side. 
2. They have very strong nonparametric efficiency; namely, their asymptotic efficiency relative to the 

untrimmed mean never drops below (1 - 2f12 . 
3. They are simple to calculate, and their standard errors are easily estimated from the 2pWinsorized* 

sample. 
4. When the data are normally distriiuted, there is strong evidence that the distniution of the standardised 

trimmed mean has an approximate Student's t distri'bution with hown  degrees of fkedom: hence 
robust confidence intervals of lmown coverage probability may be constructed for normal means, even 
when the sample is small. 

The standard error is given by 

where s2 is the sample variance of the 2P Winsorised sample. That is, let rn = [nA, and define 
4# 

Then the sample variance of the 2fl trimmed mean is defined as 

The Winsorised sample is where each observation below the first quartile is replaced with the value of the 
first quartile, each observation above the third quartile is replaced with the value of the third quartile, and 
all other observations remain unchanged. 



Appendix 2: Blue mackerel age-length key. Note that otoliths were read both from the purse-seine collection, and other unrelated sources 

Males 

Length Age dass 
(m) 3 4 5 6 7 8 9 I 0  1 12 13 14 15 16 17 18 19 20 21 

Total 

Females 

NO. 
aged 

Length Age dass 
(cm) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

No. 
need 

Total 



Appendii 2: continued 

All Rsh 

Age dass 
(an) 0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16 17 18 18 20 21 22 23 

No. 
aged 

1 
3 
8 
7 
3 
2 
7 
4 
8 

10 
6 
4 
1 
1 
1 
3 
2 
3 
3 
8 

10 
5 
5 
8 

13 
10 
10 
18 
$6 
18 
22 
17 
17 
f8 
18 
27 
10 
14 
6 

Total 


