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This series documents the scientific basis for st& assessments and fisheries
management advice in New Zealand. It addresses the issues of the day in the current
legislative context and in the time frames required. The documents it contains are not

intended as definitive statements on the subjects addressed but rather as progress
reports on ongoing investigations,

1.

Executive summary

If recruitment variation is large enough to have a significant impact on population size, estimates
of recruiting year class strength (YCS) are essential for predicting future stock sizes. In this
report, data from a time series of trawl surveys are used to quantify snapper recruitment
variation. We document the methods used to estimate YCS from the trawl surveys and describe
the relationship between snapper recruitment and water temperature. That relationship is then
used to predict past and future snapper recruitment.
Ten stratified random trawl surveys have been carried out by Kaharoa during spring in the
Hauraki Gulf since 1984. The relative number of 1+ snapper present in the survey area (YCS)
was estimated by applying age-length keys to weighted length-frequency distributions.
There was a highly significant positive correlation between YCS and mean February-June sea
surface temperature during the 0+ year. YCS varied by a factor of 8.2 over the 11-year period.
Recruitment predictions from the temperature model agreed well with (1) relative YCS estimates
for recruited snapper obtained from an age-structured model that incorporated commercial
longline catch-at-age data, and (2) qualitative estimates of recruited YCS obtained from agefrequency data collected by research trawlers. The temperature model therefore provides good
estimates of relative, recruited YCS. The 1994 year class is predicted to be average in strength,
and the 1995 year class is predicted to be strong.
Trawl surveys enable the estimation of snapper YCS 2-4 years before they recruit to the fishery
at age 3+ to 5+. The temperature model extends the lead time to 3-5 years, and could ultimately
replace expensive, time-consuming trawl surveys.

2.

Introduction

Recruitment is the process by which fish move from one life history stage to another. In
exploited fish stocks, recruitment usually refers to the attainment of the size at which fish
become vulnerable to capture. For snapper (Pagrus auratus), recruitment occurs at about the
minimum legal size (which varies from 25 to 27 cm fork length) at an age of 3-5 years.
The number of fish recruiting to an exploited population may vary from year to year. The effect
of such recruitment variation on the size of a population depends on the magnitude of that
variation, and the relative abundances of recruiting and recruited fish. If recruitment variation is
large enough to have a significant impact on population size, estimates of recruitment variation
are essential for predicting future stock sizes.
The existence of recruitment variation in snapper populations has been known for many years.
Age-frequency distributions of recruited snapper populations have been used to provide
qualitative estimates of variation in YCS in the Hauraki Gulf (Paul 1976), East Cape (Paul &
Tarring 1980), North Taranaki Bight (Horn 1986), and Tasman BayIGolden Bay (Sullivan 1979,
Mace & Sullivan 1980, Mace 1981). Paul (1976) and subsequent authors reported a positive
relationship between snapper YCS and spring (November-December) air temperature, which
was used as a proxy variable for water temperature. Paul believed that temperature, or another
factor related to it, might affect some aspect of spawning or larval and early juvenile
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development. He noted that "temperatures during the first few months after spawning may also
be critical".
One way of quantifying snapper recruitment variation is to obtain a time series of relative
abundance estimates for pre-recruits. Such abundance estimates are now available from a series
of spring trawl surveys carried out in the Hauraki Gulf in most years since 1984. Using the data
from the first seven surveys, Francis (1993a) found a very high correlation (r = 0.97) between
1+ snapper YCS and mean April-June sea surface temperature (SST) during the 0+ year. Trawl
survey estimates of YCS, and predictions of YCS based on SST, agreed well with qualitative
estimates of YCS (based on age-frequency data) for the same year classes after they had
recruited to the adult population (Francis 1993a, 1993b). The temperature-recruitment
relationship proposed by Francis (1993a) has been updated and used in an age-structured model
of the snapper population of the northeast coast of the North Island (SNA 1) in each of the last
four years (Annala 1992, 1993, 1994, 1995, Francis 1993b, 1994a). By using measurements of
SST to provide predictions of 1+ snapper YCS, the model is able to project population biomass
3-5 years in advance.
The aims of this report are to document the methods used to estimate Hauraki Gulf snapper YCS
from trawl surveys and to describe and update the temperature-recruitment relationship reported
in previous publications.

3.

Methods

3.1

Trawl survey design and gear parameters

Stratified random trawl surveys have been carried out in the Hauraki Gulf by the 28 m research
vessel Kaharoa since 1982. Ten surveys have been done during spring (October-November) and
three during autumn (May-June). T o avoid problems with seasonal variation in catchability, we
analysed only the spring surveys, which were conducted in consecutive years from 1984 to 1994,
with the exception of 1991 (Table 1).
The survey boundaries encompassed an area of 11 720 km2 between depths of 10 m and 150 m
(Figure 1). About 30% of this area consists of untrawlable foul ground and an exclusion zone
surrounding a submarine cable. The area of trawlable ground was estimated to be 8522 km2 for
the first two surveys, but this was reduced to 8145-8198 km2 for subsequent surveys by the
removal of further foul ground, and expansion of the cable exclusion zone (see Table 1). In the
remainder of this document, the area of trawlable ground is called the survey area.
For analysis purposes, the survey areas of the first two surveys were reduced to 8149 km2 (the
area covered by the third survey) by removing 373 km2 from each. Because some of the areas to
be removed were at the boundaries between existing or new strata, it was sometimes necessary
to do this on a pro rata basis, in proportion to the stratum areas during the first two surveys.
Differences among the survey areas for the remaining surveys were smail (see Table I), and
were ignored.

Table 1: Details of Hauraki Gulf trawl surveys conducted by Kaharoa, and trawl gear parameters. The year of the survey is given by the fourth and fifth
characters of the voyage number. Survey dates and tow details exclude tows that were not used for estimation of snapper abundance. Doorspread estimates
were calculated from the amount of warp deployed (see equation (1))

Voyage
number

Voyage
dates

KAH8421
KAH85 17
KAH8613
KAH87 16
KAH88 10
KAH8917
KAH90 16
KAH92 12
KAH93 11
KAH9411

20 Oct-4 Nov
3-17 Nov
2-11 Nov
12-22 Nov
28 Oct-12 Nov
5-16 Nov
4-19 Nov
29 Oct-9 Nov
4-15 Nov
26 Oct-4 NOV

Number
of
tows

' Reduced to 8149 km2 before analysis

Number
of
strata

Survey
area
(km2)

Estimated
doorspread (m)
Min.
Max. Mean

Min.

Distance
towed (km)
Max. Mean

Mean
speed
(knots)

Mean
headline
height (m)

Figure 1: Map of the Hauraki Gulf, New Zealand, showing the limits of the t r a h survey area (dashed
lines), and the location of the Leigh Marine Laboratory climate station.

The survey was designed to optimise the estimation of snapper abundance by using a two-phase
strategy (Francis 1984). In the early surveys, second-phase station allocation aimed to minimise
the variance of the total biomass estimate. In later surveys, station allocation aimed to minimise
the variance of the estimated numbers of pre-recruit snapper (Langley 1994b).
Stratum boundaries were revised several times during the survey series as information on the
spatial variation in the abundance of snapper improved. In the first two surveys, there were
many strata (18 and 1 6 respectively), but this dropped to 9-11 strata for subsequent surveys (see
Table 1). Stratum details were provided by Langley (1994a, appendix 6) and boundaries used in
recent surveys were illustrated by Drury & McKenzie (1992) and Langley (1994b, 1 9 9 4 ~ ) .
Trawl stations were randomly placed within strata, subject to the restriction that tows should be
a minimum of 1 nautical mile (1.85 km) apart. Tow direction was generally towards the next
station.
Only tows for which the trawl gear operated satisfactorily were included in the analyses;
unsatisfactory tows (gear performance codes 3 and 4) were excluded. Seventeen night tows in
survey KAH8917 were also excluded. All of the analysed tows were made during daylight
hours. The number of tows used ranged from 47 to 85 per survey (mean 69) (see Table 1).
A high-opening otter trawl with a theoretical headline height of 5-6 m and codend mesh of 30 or
40 mm was used for all surveys. The target towing speed was 3.0-3.5 knots (5.6-6.5 km.hrb')
and the distance towed along the bottom was measured by Doppler log or GPS. Distance towed
was standardised at 0.7 nautical miles (1.30 km) for all surveys except for the first (KAH8421)
during which three tow lengths were used: 0.2,0.5 and 1.0 nautical miles (0.37, 0.93, and 1.85
km) depending on water depth (shorter tows were used in shallow water). Actual tow lengths
were occasionally greater or less than the standard lengths for a variety of reasons, but the mean
tow length was always close to 1.30 km (see Table 1). For two tows in which the distance towed
was not recorded, distance was estimated by multiplying the towing speed by the tow duration.
Headline height was routinely measured with a headline transducer on most trawl tows during 8
of the 10 surveys. A headline transducer was not available for KAH8421, and the transducer
malfunctioned on KAH8613. Headline height showed no relationship with water depth above 75
m (Figure 2). In deeper water, headline height appeared to drop slightly, though there were few
stations deeper than 75 m. Mean headline height was 18% greater during the last five surveys
than in the first three surveys for which data are available (see Table 1).
Doorspread was not routinely measured during the surveys. The trawl net used had a theoretical
doorspread of 79 m, but doorspread is unlikely to be constant for all tows. Variables known to
affect doorspread include water depth, amount of warp deployed, bottom type, towing speed,
and tidal currents. During the early surveys, trawl tows in shallow water were often conducted
with very short warp lengths, partly to overcome bogging of the doors in the soft mud of the
inner Gulf. This could have produced doorspreads considerably less than 79 m. T o assess the
effect of warp length on doorspread, doorspread was estimated at three depths (15 m, 25 m, and
50 m) for a range of warp lengths at a speed of 3.3 knots during the 1993 survey. Doorspread
was estimated geometrically by measuring the distance between the trawl warps at the point at
which they left the trawl blocks (X), and at a point 1 m further down the warps ( Y ) :
Doorspread = (Y - X ) (length of warp deployed)
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Figure 2: Relationship between headline height and water depth for spring trawl surveys.

The key assumption of this method is that the trawl warps are under enough tension between the
blocks and the trawl doors to keep them straight. The recent acquisition of Scanmar net
monitoring equipment will enable us to test this assumption, and check the effect of warp length
on doorspread, during the next survey (proposed for November 1996).
For warp lengths of 100 - 250 m, tests were conducted at two or three depths (Figure 3). There
was no apparent effect of depth on the doorspread estimates, so data from all depths were
pooled. A three-parameter asymptotic model (analogous to the von Bertalanffy growth model)
was fitted to the pooled data:
Doorspread = S,(l- exp ( a (warp length

+b)))

where S, is the asymptotic doorspread, and a and b are constants describing the rate at which the
curve approaches an asymptote, and the intercept on the X axis, respectively.
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Figure 3: Doorspread estimates for various warp lengths at three different depths. The fitted curve
is described in the text (equation (1)).

The model fitted the data well (see Figure 3), and had the form:
Doorspread = 88.821 (1 - exp (-0.00970 (warp length + 7.330)))

(1)

Thus the asymptotic doorspread was 88.8 m, and the Y-axis intercept (i.e., the doorspread
expected when no warp has been deployed) was 6.1 m. The latter figure agrees well with the
distance between the trawl blocks, providing further support for use of the model in Figure 3.
For the 10 trawl surveys, doorspread was estimated from recorded warp length using equation
(1) for most tows. For six tows (0.9% of the total) warp length was not recorded. For those tows,
the amount of warp used was estimated by eye from plots of warp length versus water depth for
all other tows during the same survey (Figure 4). The estimated warp length was then substituted
into equation (1) to estimate doorspread. For the range of warp lengths used during the 10
surveys (45-500 m), doorspread estimates varied from 35.3 m to 88.1 m (see Table 1).
Further details of the survey methods, and a summary of the results of the 1990, 1992 and 1993
surveys were provided by Drury & McKenzie (1992) and Langley (1994b, 1 9 9 4 ~ ) .

3.2

Estimation of snapper year class strength

Snapper spawn for up to 5 months within the period September to March, with peak activity in
November-January (Cassie 1956, Crossland 1977, Scott & Pankhurst 1992, Francis 199413). The
theoretical birthday was taken as 1 January, after Paul (1976), and year classes were numbered
after their first full calendar year. For example, snapper spawned during the 1982-83 spawning
season were defined as the 1983 year class.
Most snapper caught were measured to the centimetre below fork length (FL), but for large
catches only random subsamples were measured. Otoliths were removed from random
subsamples of snapper, and fish ages were determined as described by Davies & Walsh (1995,
appendix 2).
The relative number of snapper of a given age class present in the survey area was estimated by
applying an age-length key to a weighted length-frequency distribution as follows:
(a) A length-frequency distribution with 1 cm class intervals was obtained for all measured
snapper at each trawl station.
(b) Numbers-at-length were scaled up by the subsampling percentage, and by the area swept
(distance towed multiplied by doorspread) to estimate the snapper density (numbers per 1 cm
interval per km2).
(c) Results from (b) were averaged for all stations within each stratum.
(d) Results from (c) were multiplied by the stratum area to estimate the number of snapper per 1
cm interval in each stratum.
(e) Results from (d) were summed across strata to produce a weighted length-frequency
distribution for the whole survey area.
(f) An age-length key, which was determined separately for each survey, was applied to the
weighted survey length-frequency distribution to determine the number of snapper of each
age class present in the survey area. Age-length keys for three recent surveys have been
published by Drury & McKenzie (1992) and Langley (1994b, 1 9 9 4 ~ ) .
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Figure 4: Relationship between warp length and water depth for spring trawl surveys.

Steps (a) to (e) were carried out separately for each survey using the trawl database, as
documented by Mackay (1993), and the standard NIWA Trawlsurvey Analysis Program, as
described by Vignaux (1994). However, numbers-at-length in each tow were not scaled by the
biomass (see Vignaux 1994, p. 7, lo), because the available length-weight relationships do not
adequately describe the weight-at-length of small snapper (< 20 cm FL). For 1+ snapper, the
weight calculated from the length-frequency distributions using the database weight-length
relationships is only about 90% of the actual weight.
The analytical method described above assumes that the vulnerability, vertical availability and
areal availability of a given snapper age class are constant for all surveys.
The estimated number of snapper in the 1+ age class was selected as an estimate of snapper
relative YCS based on the following considerations:
(a) The retention of O+ snapper by the 30-40 mm codend meshes is low. The estimated number
of 1+ snapper always exceeded the number of O+ snapper of the same year class, sampled in
the previous year (Table 2). No experiments were conducted to estimate escapement rates of
snapper, but estimates may be made by extrapolation from mesh selection data presented by
Cassie (1955) and Vooren & Coombs (1977). The 30 mm codend would retain about 60% of
8 cm FL snapper, and the 40 mm codend only about 20%. The mean size of 0 + snapper may
have varied among surveys (Figure 5; note however that the length-frequency distributions
of O+ fish are biased towards the larger animals), and the codend mesh size varied among
surveys, so O+ catchability is unlikely to have been constant.
(b) The catchability of snapper older than 1+ appears to decline with increasing size. This may
be because larger snapper are able to swim faster and are therefore more likely to evade the
trawl net. Preliminary results from a generalised linear model incorporating age classes 0+ to
4+ indicate that catchability is greatest for the 1+ age d a s s (authors' unpublished data). It is
unlikely that variations in mesh size among surveys affected 1+ snapper catchability.

3.3

Relationship between 1+ snapper year class strength and water
temperature

SST was measured daily at 9.30 a.m. from 1967 to 1995 at the Leigh Marine Laboratory climate
station on the northwestern side of the Hauraki Gulf (see Figure 1). Monthly means were
calculated from the daily SST values. For the period 1931-66, no SST data were available so
SST was estimated from Auckland air temperature, as described in Appendix 1.
Correlation coefficients were calculated between snapper YCS and monthly mean SST for each
month in the period between the onset of spawning (September) and December of the following
year (i.e. the spawning period and the entire 0+ year). Recruitment data are usually log-normally
distributed (Hennemuth et al. 1980), so YCS was log, transformed before analysis. When
multiple correlation coefficients are calculated, the probability of making a Type I error (i.e.,
rejecting the null hypothesis of no correlation when it is true) increases above the nominal
significance level. T o protect against this error inflation, significance levels were adjusted by the
Dunn-Sidak method (Sokal & Rohlf 1981, Day & Quinn 1989).

Table 2: Estimated numbers of 0+ snapper, numbers of 1+ snapper (= YCS), and 1+ snapper
adjusted year class strength (YCSadj),in the Hauraki Gulf survey area. YCSadjwas derived from the
number of 1+ snapper (= YCS) by multiplying the first five values by 1.822 (see text)

Voyage
code

s

0+ age class
Year
Number
class
(millions)

Year
class

1+ age class
Number
(millions) YCSadj

KAH8421
KAH85 17
KAH8613
KAH87 16
KAH8810
KAH89 17
KAH90 16
No survey
KAH9212
KAH9311
KAH9411
The period of greatest correlation between YCS and SST was February-June of the 0+ year bee
Results). Snapper 1+ YCS was predicted by substituting estimated February-June SST
(1931-66) and actual February-June SST (1967-95) into equation (2) below, and setting Set = 2
(i.e., YCS estimates were derived relative to snapper catchability in the last five trawl surveys;
see Results). These YCS estimates were then scaled to a mean of 1.0 for the period 1931-94 to
produce a final recruitment index.

4.

Results

4.1

Population length- and age-structure

Weighted length-frequency distributions for snapper less than 30 cm FL are shown in Figure 5
for all spring surveys. In most surveys, there were clear modes at 8-12 cm and 14-18 cm. These
modes correspond with the 0+ and 1+ age classes respectively, which are nearly 1 and 2 years
old at the time of the surveys (Paul 1976, Francis 1 9 9 4 ~ )In
. some surveys however, the 0+ and
1+ modes were almost non-existent (e.g., KAH9311). Occasionally a 2+ mode was evident at
around 20-22 cm FL.

.

The age structure of the population sampled by Kaharoa is shown in Figure 6. Most of the
snapper were less than 5 years old, and there was high variability in the relative abundance of
the age classes within each survey. Relative to adjacent year classes, the 1981 and 1991 year
classes were consistently strong in consecutive surveys, and the 1982, 1983, and 1987 year
classes were consistently weak. The 1985 year class was often strong. The 1989 year class was
strong at ages 1+ and 4+ (surveys KAH9016 and KAH9311) but only average at ages 3+ and 5+
(KAH9212 and KAH9411). The 1992 year class was weak in KAH9311 and KAH9411.

KAH8716 Nov 1987
N = 15 588 i

i

KAH9311 Nov 19$3

Fork length (crn)
Figure 5: Population weighted length-frequency distributions (truncated at 30 cm) for the
spring surveys. N = number of fish measured in the 0-30 cm size range.
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Figure 6: Age-frequency distributions of snapper sampled by Kaharoa during spring surveys,
estimated by applying age-length keys to weighted length-frequency distributions.
N = number of fish measured; 0 = number of fish otolithed and aged. Numbers above
the histograms are year classes.

4.2

Relationship between 1+ snapper year class strength and water
temperature

Estimates of 1+ snapper relative YCS in the survey area are shown in Table 2. Lo&(YCS) was
unrelated to Leigh SST measured at the time of the surveys (mean of the October and November
> 0.05). Correlation coefficients between log,(YCS) and
monthly means) (Figure 7; r = 0 . 3 2 , ~
mean monthly SST for the period between the start of spawning and the end of the 0+ year are
shown in Figure 8. Coefficients were significant at thep =: 0.05 level for the 8-month period
December-July. Only the March, May, and June correlation coefficients were significant at the
Dunn-Sidak adjusted probability level (p = 0.0032), but the fact that all the high correlations are
consecutive suggests that the December-July SSTs are significantly related to YCS. For the
purposes of this study, the 5-month period February-June (i.e., mid summer to early winter
during the 0+ year) was chosen as a predictor of 1+ YCS.

Table 3: Regression models relating log,(l+ snapper YCS) to mean February-June SST and
survey set. The first five surveys (of year classes 1983-1987) were defined as Set 1, and the last
five surveys (of year classes 1988-93) were defined as Set 2
SST regression
coefficient
Estimate
S.E.

R~

Independent Sample
Model variables
size

Year
classes

1

SST

10

83-93

0.970

0.178

76.2

2
3

SST
SST

5
5

83-87
88-93

0.874
1.1.01

0.057
0.131

98.3
94.6

4

SST, Set

10

83-93

0.997

0.080

95.1

(%I

There was a significant positive correlation (p < 0.01) between log,(YCS) and mean
February-June SST that explained 76.2% of the variance in YCS (Figure 9; Table 3, Model 1).
Inspection of the residuals from this model revealed a strong pattern: the first five surveys had
negative residuals, and the last five surveys had positive residuals (Figure 10, Temperature
model). Regressions fitted separately to the first five and last five surveys diverged slightly
(Table 3, Models 2 and 3) but were not significantly different (homogeneity of slopes test:p =
0.17). An analysis of covariance of the two survey data sets with SST as the covariate showed
that, after adjustment for SST, YCS estimates for the last five surveys were greater than YCS
estimates for the first five surveys by a factor of 1.822; i.e., the catchability of 1+ snapper
increased by 1.822 times half-way through the survey series (assuming that YCS is indeed
dependent on February-June SST and that the relationship between the two variables is
accurately estimated by the available data). This increase in catchability was probably caused by
progressive alterations to the net between surveys KAH8810 and KAH9016, which involved
increases in the weight of the groundrope and the flotation of the headline. Changes in herding

Mean water temperature during survey ("C)
Figure 7: Relationship between loge snapper YCS and mean sea surface temperature
during the survey (Leigh, October-November mean).

0.0

J

I

Spawning
I

I

I

I

I

I

I

I

I

I

I

I

I

l

l

S O N D J F M A M J J A S O N D

Month
Figure 8: Plot of correlation coefficients between loge snapper YCS and mean monthly
sea surface temperature for the period between the onset of spawning and the
following December. Each point has a sample size of 10. Dashed lines indicate
significance a t p = 0.05 a n d p = 0.0032 (the Dunn-Sidak adjusted significance
level).

Mean February - June water temperature (OC)
Figure 9: Relationship between loge snapper YCS and mean February-June SST during
the 0+ year. Numbers indicate year classes.

1

0

Temperature
Temperature and set

Year class
Figure 10: Residuals from Model 1 (Temperature) and Model 4 (Temperature and Set)
versus year class. See Table 3 and text for further details.

speed, sweep angle and possibly wingspread were also likely as a result of variations in towing
speed and doorspread during the survey series bee Table 1). Much of the pattern in the residuals
of the 10-survey regression model (Model 1) could be explained statistically by variations in
mean headline height among surveys ( R=~0.64 for the eight surveys for which headline height
was measured). However, the magnitude of the change in headline height (an increase of 18%
between the means for the first five and the last five surveys) does not seem sufficient to account
for an 82% mean increase in catch rates of 1+ fish. The other changes in gear parameters
mentioned above may also have contributed to the increased catch rates. Furthermore, the
increased weight of the groundrope may have improved the seabed contact of the net, and
reduced escapement of 1+snapper underneath the gear. Because the reasons for the increase in
catchability are uncertain, and because headline height measurements are available for only 8 of
the 10 surveys, we have not incorporated headline height as an independent variable in the
model.
An alternative approach was adopted by the Snapper Working Group. Headline height was
considered to be just one of a group of changes in net efficiency and operation that occurred
mainly between the fifth and sixth surveys. The data set was divided into two parts: Set 1
consisted of the first five surveys and Set 2 consisted of the last five surveys. A multiple
regression model was developed with log,(YCS) as the dependent variable, and February-June
SST and the categorical variable Set as independent variables. This model explained 95.1% of
the variation in YCS (see Table 3, Model 4). The Snapper Working Group agreed to use Model
4 as a basis for developing a Hauraki Gulf snapper recruitment index, and for predicting future
YCS from Leigh SST. The model has the following equation:
Log,(YCS) = -18.2446

+ 0.9973 SST + 0.5998 Set

(2)

where Set = 1 for the first five surveys and Set = 2 for the last five surveys. The residuals for
Model 4 are much smaller than for Model 1, and are randomly distributed around zero (Figure
10). The results of Model 4 can be illustrated by multiplying the YCS estimates for the first five
surveys by 1.822 to produce adjusted YCS estimates (Table 2) and then fitting a simple
versus SST (see Figure 11).
regression model of loge(YCSadj)

4.3

Recruitment prediction

Mean February-June SST ranged from 17.24 to 19.72 "C during the 29-year period 1967-95,
and estimated SST ranged from 16.79 to 20.11 "C during the 65-year period 1931-95. Predicted
YCS for the period 1931-95 was calculated using equation (2) (Figure 12). Mean recruitment
(i.e., mean log,(YCS)) was 1.20 with a standard deviation of 0.77. However, there were two
distinct recruitment phases. The first phase, between 1931 and 1953, was characterised by low
recruitment (mean = 0.74, s. d. = 0.73); only six year classes were stronger than the long-term
mean, though one of these (1938) was the strongest on record. The second phase, between 1954
and 1995, was characterised by high recruitment (mean = 1.44, s. d. = 0.67). Since about 1960,
predicted YCS has shown a 3- to 5-year cycle which is probably related in part to the El NiiioSouthern Oscillation cycle (ENSO). The Southern Oscillation Index explains 41% of the
variability in Leigh SST (Francis & Evans 1993).
The model predicts strong year classes in 1938, 1955, 1956, 1962, 1970, 1971, 1974, 1978,
1981, and 1989, and weak year classes in 1931,1934,1936,1937,1939,1940,1945,1947,

17.0
17.5
18.0
18.5
19.0
19.5
20.0
Mean February - June water temperature (OC)
Figure 11: Relationship between loge snapper YCS, after adjusting the first five survey
estimates for low catchability, and mean February-June SST during the 0+
year. Numbers indicate year classes.

Year class
Figure 12: Predicted and observed logesnapper YCS for the period 1931-95. Predicted values were calculated using equation (2).
Observed values were the trawl survey estimates of YCS after scaling to the same mean as the equivalent predicted values.
Horizontal lines indicate the mean 1 s. d. of the predicted loge YCS estimates.

+

1949, 1983, and 1992 (Figure 12). The 1994 year class, whose 1+ YCS has not been estimated
by trawl survey, is predicted to be average in strength, and the 1995 year class is predicted to be
strong.

5.

Discussion

The low catchability of O+ snapper was at least partly due to escapement of O+ snapper from the
two different codend mesh sizes used. During another study in the northwestern Hauraki Gulf
using a trawl net with 20 mm codend mesh, 0+ abundance usually exceeded 1+ abundance
(Francis 1992). Use of a smaller mesh codend on the Kaharoa's net during the Hauraki Gulf
surveys would probably have provided better estimates of O+ snapper abundance. Although the
catchability of 1+snapper appears to be considerably greater than that of 0+ snapper, abundance
estimates for the former are probably still biased by escapement, or the unavailability of some
snapper to the trawl gear, so they should be regarded as relative rather than absolute estimates.
We assume that any sampling bias was constant among years for 1+ snapper, and that the trawl
survey estimates of 1+ numbers are valid measures of their relative abundance.
One explanation for the variation in the estimates of 1+ snapper numbers in the Hauraki Gulf is
that they move out of the survey area, or on to untrawlable areas, when SST is low. This seems
unlikely because: (1) juvenile snapper abundance over the continental shelf to the north and
south of the survey area is much lower than in the survey area (Langley 1993); (2) 1+ snapper
are not abundant over foul ground (Kingett & Choat 1981; M.P. Francis, unpubl. data); and (3)
the 1+ snapper YCS estimates agree well with YCS estimates for the same year classes surveyed
as older juveniles and with YCS estimates of recruited snapper (discussed below).
Observed snapper YCS varied by a factor of 8.2 times over the 10 years assessed by the Hauraki
Gulf trawl surveys (based on YCS,,,. values shown in Table 2). This is similar to the 7-fold
variation over 3 years, and 10-fold variation over 5 years, reported in two Japanese studies of
P. auratus (= P. major; Matsumiya et al. 1980, Kojima 1981). Predicted YCS for the period
1931-95 suggests that recruitment variability in New Zealand snapper may be considerably
greater than so far observed: the YCS for the strongest year class (1938) was 27.6 times greater
than for the weakest (1940) (Figure 12). However, these estimates are based on extrapolations
beyond the range of the observed data and may be unreliable.
The 1+ snapper YCS estimates were significantly positively correlated with Kaharoa relative
abundance estimates for the same snapper year classes at ages 0+, 2+ and 4+ (0+: r = 0.80,
N=8,p<0.05;2+:r=0.89,N=8,p<0.01;4+:r=0.90,N=5,p<0.05).Therewasno
correlation between the 1+ YCS estimates and 3+ snapper abundance (r = 0.05, N = 7 , p > 0.05),
although after removal of one outlier (the 1989 year class) the correlation approached the 0.05
significance level (r= 0.77, N = 6 , p > 0.05). These results indicate that Kaharoa estimates of
YCS are consistent across the 0+ to 4+ juvenile age classes.
YCS estimates for the 1981-1989 year classes were obtained by Maunder and Starr (unpubl.)
from an age-structured model for recruited snapper. Their model used catch-at-age data from
Hauraki Gulf commercial longline samples collected during each of the fishing years 1989-90 to
1993-94. The 1981 year class was consistently strong as predicted by the temperaturerecruitment relationship (see also McKenzie et al. 1992, Davies et aI. 1993). Similarly, the 1983
year class was consistently weak, as expected from the trawl survey estimate of 1+ YCS. After

excluding the 1989 year class (because it had not fully recruited to the commercial fishery and
was therefore under-represented in the longline samples), there is a highly significant correlation
between the 1+ YCS predictions and Maunder and Starr's age-structured model estimates of
recruited YCS (r = 0.90, N = 8 , p < 0.01). This confirms that the Hauraki Gulf trawl surveys of
1+ YCS provide good estimates of recruited snapper YCS, and demonstrates that YCS is
determined before the age of 2 years. For the 1981 year class, the prediction of a strong year
class using the temperature-recruitment relationship was also confirmed.
Further qualitative evidence in support of Model 4 is provided by age-frequency distributions
obtained from research samples. These samples are much smaller than the longline samples
mentioned above, and are therefore less likely to accurately reflect relative YCS. Paul (1976)
noted that his sample length- and age-structures varied considerably among years and sampling
sites, suggesting that his samples did not represent the whole population. Nevertheless, they are
worth considering because they cover a time span (back to about 1935) outside the period used
to develop the temperature-recruitment relationship. Strong year classes were produced in 1938,
1955, 1956, 1957,1960,1962,1968,1970,1971, and 1972 in the Hauraki Gulf (Paul 1976,
Vooren & Coombs 1977). Strong year classes were also evident for 1938, 1955, 1956, 1962,
1968, and 1970 in the East Cape region (Paul & Tarring 1980). All except the 1957, 1960, 1968,
and 1972 year classes were predicted to be strong by the model (see Figure 12). Weak year
classes were produced in the Hauraki Gulf in 1942, 1943, 1959, 1963, 1964, 1965, and 1969
(Paul 1976, Vooren & Coombs 1977). All except the 1959 and 1963 year classes were also weak
in the East Cape region (Paul & Tarring 1980). All these year classes were predicted to be below
average in strength, though none was more than 1 standard deviation below the long-term mean
(see Figure 12). The 1940 year class, which was predicted to be the weakest on record, appears
to have been weak but not unusually so (Paul 1976, Paul & Tarring 1980). However, ageing
errors may have inflated the apparent abundance of the 1940 age class, because these fish were
30-32 years old when aged, and some "spillover" may have occurred from the strong 1938 year
class. There is therefore moderately good agreement between the predictions from equation (2)
and observed YCS outside the period on which Model 4 was based.
Despite the apparent success of Model 4, caution is required when using it to predict future
YCS. The model is "over-fitted" relative to the precision of the input data; i.e., the amount of
variation in YCS explained by the model is improbably high considering that the individual YCS
estimates have coefficients of variation in the range 15-30%.
The period during which SST influences YCS cannot be precisely determined. The 8-month
"plateau" of correlation coefficients significant a t p = 0.05 may be partly due to serial autocorrelation within the SST data series, and the temperature effect may occur over a much shorter
period. The mechanism linking SST and YCS is not known. Francis (1993a) proposed three
hypotheses, all of which involved increased growth rates, and increased stage-specific survival,
at higher temperatures. Other hypotheses which invoke processes that may be correlated with
SST (for example rate of food production for larvae, rate of advection of eggs and larvae, or
variations in the YCS of predator species) could also be proposed. Given the strong relationship
between snapper recruitment and water temperature, it is not surprising that snapper spawning in
the Hauraki Gulf only begins when water temperature rises above a threshold of 15-16 "C (Scott
& Pankhurst 1992, Francis 1994b).
Trawl surveys enable estimation of snapper YCS 2-4 years before they recruit to the fishery at

age 3+ to 5+. A regression model relating YCS to SST measured in the 0+ year extends the lead
time to 3-5 years, and could ultimately replace expensive, time-consuming trawl surveys.
Extreme summer and autumn SSTs usually result from strong ENS0 events, which can be
monitored using the Southern Oscillation Index. In some years it may be possible to forecast the
likelihood, but not the magnitude, of very weak or very strong year classes several months
before the year class has been spawned. To extend the predictive range of the temperaturerecruitment model, further trawl surveys of the Hauraki Gulf are desirable to sample year classes
that are spawned during periods of extreme SSTs.
Snapper are long-lived, and adult populations are not normally prone to recruitment-induced
fluctuations in biomass. However adult biomass could be significantly affected by recruitment
fluctuations where: (1) a sequence of weak or strong year classes is produced; (2) an adult
population is dominated by a small number of young age classes due to heavy fishing; or (3) an
adult population near a geographic extreme is dominated by a small number of age classes
because of irregular recruitment. All of these scenarios have occurred in one or more New
Zealand snapper stocks. In these circumstances, a 3-5 year lead time provides managers with
sufficient time to decide on management goals and to implement appropriate management
measures to achieve them, before recruitment to the fishery occurs.
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Appendix 1: Estimation of Leigh sea surface temperature (SST) from Auckland air temperature
One of the population models that has been used to describe changes in the size of the SNA 1
population requires a recruitment index covering the period 1931-95 (Gilbert 1994). Because
Leigh SST data are available only from 1967 onwards, SST for the period 1931-66 was
estimated from Auckland air temperatures. Air temperature data are available from the Albert
Park station from late 1909 to 1986, when it closed. Therefore the period of overlap between
Leigh SST data and Albert Park air temperature data is 20 years (1967-86). To improve the
predictive capacity of the relationship between Leigh SST and Albert Park air temperature,
post-1986 Albert Park air temperatures were estimated from the mean air temperature recorded
at nine other meteorological stations in the Auckland region (Warkworth, Owairaka, Port
Fitzroy, Mangere, Ardmore, Leigh, Manukau Heads, Coromandel, and Pukekohe), using the
following regression relationship for the 3-year period 1984-1986:
Albert Park air temperature = 0.6493 + 1.0195 (Mean air temp of the other 9 stations)
(N = 36 months, r = 0.999)
Mean Leigh SST for February-June was then regressed against mean Albert Park air
temperature for January-May over the period 1967-1994. [February-June SST was used
because this period explains much of the variation in 1+ snapper YCS (see Results).
January-May mean air temperature was used because the air and sea temperature time series
show greatest cross-correlation when air temperatures are lagged by 1 month.] The following
relationship was found:
Leigh Feb-Jun SST = 0.5639 + 0.9903 (Albert Park Jan-May air temperature)
(N = 28 years, r = 0.903)
The above equation was used to predict Leigh SST for the period 1931-66.
At the time of the 1995 Fishery Assessment Plenary for snapper, the 1995 February-June mean
Leigh SST was not available. Instead, February-June SST was estimated from the
February-April mean SST in the same year, using the following relationship based on the period
1967-94:
February-June SST = 1.5448 + 0.8506 (February-April SST)

(N = 28, r = 0.986)

The February-April 1995 mean SST was 20.73 "C, producing an estimate of 19.18 "C for the
1995 February-June SST. This compares well with the actual February-June SST of 19.24 "C.

