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EXECUTIVE SUMMARY

Walsh, C.; McKenzie, J.; Bian, R.; Armiger, H.; Budthought, D.; Smith, M.; Ferguson, H.;
Miller, A. (2012). Snapper catch-at-length and catt-at-age heterogeneity between spatial strata
in SNA 2 bottom trawl landings, 2007—08 and 2008—09

New Zealand Fisheries Assessment Report 2012/ 40. 44 p.

This report presents the results of Objective thef Ministry of Fisheries project “Review SNA 2
catch-at-age data for the most recent years (2@)72@D8-09) and present separate age distribution
comparisons for the north and south subareas” (32M6/4). The general objective was to develop
an optimised catch sampling design for future SNAa&2ch sampling projects, that adequately
accounts for the underlying spatial and temportkpas in age composition, if they exist.

The aim of previous SNA 2 catch sampling programmas to sample the age composition of the
bottom trawl fishery throughout the fishing yearoirder to produce catch-at-age distributions fa us
in quantitative stock assessment models. Howewennisistencies evident in the catch-at-age time
series from the SNA 2 bottom trawl fishery wereedetined at a Ministry of Fisheries Northern
Inshore Working Group meeting in 2009 and two nragsons were advocated: landings from Napier
consistently contained larger, and thus, older, fisan those from Gisborne; and, ageing error was
apparent in early collections. It is possible tinise are key reasons why previous assessmetis of t
SNA 2 fishery have proved to be inconclusive, pag implausible results.

The random age frequency sampling design was pslyioused to sample the fishery with
stratification based on season, but unstratifiedai@a, with length and age data collections from
Napier and Gisborne pooled for analysis. To ingasé whether snapper landed to these two ports
had different size and age structure, samplesatetleduring 2007-08 and 2008—-09 were analysed
according to two spatial strata: north and soutthefMahia Peninsula.

Out of a total of 53 and 58 bottom trawl landingmpled from SNA 2 during the 2007—08 and 2008—
09 fishing years, 44 and 57 landings respectivadyewuseful for spatial catch-at-age comparisons,
having come from only one of the two spatial stratae remaining landings sampled were of mixed
area origin. Overall, 70% of identified subareacHpe landings were sampled from the northern
subarea, where two-thirds of the total SNA 2 catels taken. Sampling allocation in general was
proportional to the monthly landed catch, statitireas fished, and target species, and considered
representative of the commercial fishery.

Of the total 6890 otoliths collected from SNA 2 o¥ke two consecutive fishing years, 2310 were
randomly subsampled and aged, with 96% agreemehhigh precision (IAPE less than 1%). The
number of otoliths selected per landing for ageitag roughly proportional to the landed weight with
a minimum number set at ten.

Length and age compositions were estimated foiStia 2 fishery and subarea strata for 2007—08
and 2008-09 and indicate that consistent spatfaiyrogeneous patterns exist. Although bottom
trawl landings from both subareas comprised mayolyng snapper, over 90% less than 10 years of
age, the southern subarea, principally Hawke Bay, @& greater proportion of large and appreciably
more old fish by number than catches made nortaifia Peninsula, some over 50 years of age. The
relative proportion by weight that these large fisimtribute to the southern subarea, and SNA 2, in
terms of biomass and long-term sustainabilityiksly to be considerable.

There was poor correlation between strong and weak classes in bottom trawl catches from the
northern and southern subareas of SNA 2. Northebarea year class strength was significantly
correlated only with estimates from the adjacent 8@Plenty bottom longline fishery of SNA 1.
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Investigations further revealed that snapper fréva southern subarea demonstrate substantially
higher growth rate than those from the northerrasedy possibly the fastest in New Zealand, and
similar to that of SNA 7. Mean length-at-age ancame/eight-at-age estimates for fully recruited age
classes differed considerably between subareals,seiithern subarea snapper weighing on average
60 to 70% more at a given age (averaged acrosg@ltlasses). The overall mean weight of snapper
landed in the northern subarea for the consectisheng years was around 0.9 kg compared to 1.4 kg
for the southern subarea. Northern subarea snapper considerably faster than Bay of Plenty
snhapper, which have the fastest growth rates in $NA trend of increasing growth appears to exist
down a latitudinal cline for five distinct snappock or substock fisheries on the east coast of Ne
Zealand’s North Island.

Spatial differences in snapper length and agetstreicyear class strength, growth, and genetics (no
this study) suggest that fish north and south ohisl&eninsula, represent separate biological stocks
Past tagging studies show that a minor level df fisigration occurs from SNA 1 into SNA 2.
Movement between the subareas of SNA 2 has not $teeied. Previous research found sufficient
numbers of juvenile snapper (less than 25 cm) at Eape and on the Wairoa Hard in Hawke Bay to
suggest that nursery areas for snapper exist witl@nSNA 2 fishery, and that successful spawning
had occurred.

Mean weighted coefficients of variation for catdkage estimates ranged between 0.20 and 0.32 for
the SNA 2 subareas for 2007-08 and 2008-09, theekigstimate associated with the lowest sample
size from the southern subarea in 2007-08. Recotatiens are made for sampling designs for
future SNA 2 catch-at-age programmes, based oditisgon of SNA 2 into two spatial strata.
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1. INTRODUCTION

Bottom trawl landings of snapper from the SNA 2 aogncial fishery were first sampled for catch-at-
age data in 1991-92 (Ryan 1993). The fishery wdssexuently sampled intermittently in the
following fishing years: 1997-98 (Blackwell et 4/999), 1998-99 (Blackwell et al. 2000), 1999—
2000 (Blackwell & Gilbert 2001), 2002-03 (Blackwedl Gilbert 2005), 2004-05 (Blackwell &
Gilbert 2006), 2007-08 (Blackwell 2009).

In April 2009, the results for the most recent SRAatch-at-age sampling project (SNA2007/03)
were presented to the Ministry of Fisheries Northieishore Working Group (NINSWG). Although
the overall sampling, ageing, proportion-at-age pretision estimates were adequate in 2007-08,
inconsistencies were evident in the proportionghef catch-at-age time series samples from the
SNA 2 fishery with two main reasons advocated: do&d evidence suggested that landings from
Napier consistently contained larger (and thus plfish than those from Gisborne (Appendix 1);
and, otoliths collected in the 1997-98 and 1998w&%e aged by different personnel. It was
postulated that if disproportionate sampling of a@and Gisborne landings occurred, and different
interpretations of growth zones by agers were madsome years, then these could profoundly
influence and therefore bias the overall SNA 2 leatcage time series estimates. Pre-stratificaifon
sampling effort into strata (i,e., geographicalioeg) is recommended to avoid such bias and improve
precision in catch sampling data (Bull & Gilbert02).

In the following year, 2010, a SNA 2 stock assesgniNA2009/01) was undertaken by Langley

(2010) and the results presented to the NINSWG. d$messment incorporated all recent catch
sampling data and a trawl based catch per unitteffi?UE) analysis, but proved to be inconclusive,
producing implausible results, similar to a preg@@ssessment by Gilbert & Philips (2003). Given the
conflict between catch-at-age data and the abumedenaex, the NINSWG requested that additional
analysis was required to investigate the exist&ficgatial patterns in length and age frequencies i

catches from SNA 2, proposing a review of dataeoddid and analysed from 2007-08 (SNA2007/03).
It was also suggested that catch-at-age samples tfie following year (2008-09), should be aged
and analysed to explore the temporal consistentlyeo$patial patterns in the sample collections.

This report presents an investigation into theedéhces in the size and age of snapper caught from
two spatial subareas of SNA 2 —i.e., north andrsotiMahia Peninsula (39.264°S) — in the 2007-08
and 2008-09 fishing years. Recommendations forpgimam sampling design for estimating catch-
at-age and precision in future SNA 2 catch sampjpimigrammes are also made. Funding for this
project, SNA2010/04, was provided by the Ministfyesheries.

The specific objective of this project for 2010-+i4s:

1. Review SNA 2 catch-at-age data for the mostmtepears (2007-08, 2008—09) and present
separate age distribution comparisons for the Nankd South subareas
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2. METHODS

Spatial stratification of the SNA 2 fishery

Commercial catch records (Ministry of Fisheriesy aratch-at-age sample data from the SNA 2
bottom trawl fishery in 2007-08 and 2008—-09 weratiied into two spatial subareas, north and
south of the southern-most tip of Mahia Peninstd.264S 177.866E), a prominent landmark
division of the southeast coast of the North IslahtNew Zealand (Figure 1). The spatial strata were
selecteda priori based on previous knowledge that the majorityhefliottom trawl vessels operating
out of the two main ports on the coast, GisborreeMapier, mainly fished in the northern or southern
subareas, respectively, during each trip.
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SNA 8 East Cape
38° -\ 012
West coast . East Coast
North Island Gishome i
3
Northern| subarea
Napier { Hawke Bay  qq therd subarea
Cape Kidnappers
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Figure 1: The SNA 2 quota management area, assockat statistical areas, and locations referred to ithe

text. The dashed line indicates the spatial divisioof the SNA 2 stock into two subarea strata, norttand
south of the southern-most tip of Mahia Peninsula.

The most recent SNA 2 catch-at-age data were tetleduring the 2007-08 and 2008-09 fishing
years. These data, where fishers report the eatittde and longitude of the tow positions of their
catches, were more suitable to investigate spdiff@rences in catch-at-age than data collectear pri
to October 2007, which were based solely on thésstal area fished. This was particularly
important as statistical area 013 straddles botlomports, as well as the proposed subarea
stratification boundary for SNA 2 in this study ¢Hre 1).

The original design for catch sampling in SNA 2 idgr2007-08 and 2008-09 recognised four
temporal “seasons”, but had no formal spatial ification (Blackwell 2009). However, as fewer
landings were available and sampled from the sonthigbarea compared to the northern (Table 1), it
was anticipated that sub-optimal numbers of larglingemporal (season) stratification may increase
observation error and create possible bias in dmepke estimates, similar to that found in the East
Northland snapper longline fishery (Walsh et al0@4). As a result, no within-year temporal
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stratification was imposed on the current studysttreating each subarea fishing year catch-at-age
collection as a single stratum. It was envisaged feasonal stratification of the subarea fisheries
could be investigated for temporal patterns inreitatch-at-age sampling of SNA 2.

Table 1: Summary of the sample collections (numbepf landings, and number of fish sampled for
otoliths, and number aged) from bottom trawl landings in SNA 2 subarea strata in 2007—08 and 2008-09.

Fishing Landings Otoliths Otoliths
year Method Area sampled  collected aged
2007-08 Bottom trawl Northern 37 2494 710
Southern 7 350 350
Mixed/UNK 9 534 0
SNA 2 total 53 3378 1 060
2008-09 Bottom trawl Northern 41 2 664 600
Southern 16 798 650
Mixed/UNK 1 50 0
SNA 2 total 58 3512 1250

Sampling SNA 2 bottom trawl landings

Random age frequency (RAF) samples were collectad the SNA 2 bottom trawl fishery using a
two-stage sampling procedure similar to that deecrifor length sampling (West 1978). The random
selection of landings and a random sample of biitkinvlandings represent the first and second
stages respectively. Approximately 50 bottom trdavidings were targeted for sampling in each
fishing year from a representative cross sectiotheffishery and included both target and bycatch
(Blackwell et al. 1999); the only stipulation beitigat the landed weight of snapper in a given lagdi
was at least 80 kg. The RAF sampling method fotecthg otoliths generally followed those
methodologies outlined by Davies et al. (2003) hvavery fifth fish systematically sampled for age.
Sample sizes typically ranged between 40-60 fismfeach landing, usually in proportion to the
quantity of snapper landed. Total annual samplessirom the SNA 2 bottom trawl fishery were
around 3000 otolith pairs. Although the length nieasent of each fish in the random sample for age
from each landing was recorded, no direct lengtudency sampling of the landing was undertaken.

Ageing snapper

As the total number of otoliths collected from BNA 2 fishery in the 2007-08 and 2008-09 fishing
years exceeded the nominal target of 800—1000tlgatequired for adequately describing catch-at-
age, random subsamples were selected from eacHeshtapding, the number roughly proportional
to the landed weight (Blackwell & Gilbert 2001),tlwia minimum number of otoliths set at ten. In
addition, as a portion of otolith samples from 2@7—-08 collection had already been selected and
aged under project SNA2007/03 (Blackwell 2009),yosamples selected from southern subarea
landings required ageing. As no ageing had prelyjobsen undertaken on the 2008-09 otolith
collection, all random subsamples selected from ribghern and southern subareas were aged
(Table 1).

A standardised procedure for preparing and readinliths was followed (Davies & Walsh 1995).
Two readers read the entire randomly selected sylleaof otoliths independently to determine an
unbiased reading estimate. Where agreement wabewad was deemed to be the final agreed
reading. If no agreement was attained, then thitlotwas reviewed again by both readers to reach
agreement, or discarded from the set as unrea(iiiilevas of an age less than 20 years, as samples
over 19 years were combined into an aggregate eme gor the analysis). A forced margin was
implemented to anticipate priori the otolith margin type (wide, line, or narrow) time month in
which the fish was sampled to provide guidancedteamining age. The forced margin method was
found to be essential for ageing snapper samplexlighout the year, as some otolith readers had
difficulty correctly interpreting otolith marginsiiyear-round collections (Walsh et al. 2011a). The
nominal birth date of snapper is taken as 1 January
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Otolith reading precision was quantified by cargyinut between-reader comparison tests after
Campana et al. (1995), including those between ezaater and the agreed age. The Index of Average
Percentage Error, IAPE (Beamish & Fournier 198th)l mean coefficient of variation (c.v.) (Chang
1982), were calculated for each test.

Snapper age data were stored in the Ministry didfiesage database, and landing details in the
marketdatabase, administered by NIWA.

Catch-at-age analysis

Proportion-at-age and variance (bootstrap) estignfde the SNA 2 subarea trawl fisheries were
calculated from the RAF samples collected from daolding. Proportions at age across all landings
were estimated from sample proportions, weightedhleyestimated number of fish in each landing,
using NIWA'’s C++ software tool CALA (catch-at-lelhgand -age, Francis & Bian 2011). The weighted
mean proportion-at-age and variance across sgti#h to describe the SNA 2 fishery was calculated
following Blackwell et al. (1999).

Calculation of mean weight-at-age was based otetigth-weight relationship given in Paul (1976),
in accordance with methods described in Davie§ é2603).

Proportions-at-age, mean weight-at-age, and meagthet-age were calculated for the range of
fishing year age classes (herein referred to as gsses” encompassing October to September)
recruited, with the maximum age being an aggregétal age classes over 19 years. Estimates of
mean age determined from annual catch-at-age de8ma each stock and subarea strata were
calculated such that all fish comprising the aggtedgover 19 years) age group were assigned an age
of 20.

Catch sampling optimisations

Snapper RAF data collected from the SNA 2 subastefies in 2007-08 and 2008—-09 were used to
derive mean weighted coefficients of variation (MM&]} for a range of annual sampling designs,

with variations on the number of landings sampled the number of otoliths collected from each of

the respective subareas. A series of bootstrapigatiions were run for the RAF sampling approach.
The bootstrap methodology employed is describddbvies & Walsh (2003).

3. RESULTS
3.1 Relative SNA 2 catch by method and area in 2007 —08 and 2008—09

Bottom trawl was by far the most dominant methodthe SNA 2 fishery, estimated to take
approximately 99% of the current 345 t Total AlldM& Commercial Catch (TACC) in the 2007-08
and 2008-09 fishing years (Figure 2). On averaf§eg 6f the landed catch in SNA 2 was taken from
the northern half of the stock, statistical arebs @ 013, with more than half from statisticalaafd.3
alone.
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Figure 2: Relative catch by method and statisticairea in SNA 2 in 2007-08 and 2008—-09 (BT, bottom
trawl; DS, Danish seine; HL, Handline; SN, Set netBLL, Bottom longline, RLP, Rock lobster pot).

3.2 Sampling of the SNA 2 bottom trawl fisheryin2 ~ 007-08 and 2008—09

Sample collections

Summaries of the number of bottom trawl landings@ad and otoliths collected and aged for the
spatial strata of SNA 2 in 2007-08 and 2008—09aren in Table 1. A total of 53 and 58 landings
were sampled from the SNA 2 bottom trawl fisher@97-08 and 2008-09, with 44 and 57 landings
respectively deemed useful for spatial subarea aosgns of catch-at-age. From these, 1060 and
1250 otoliths were randomly subsampled for ageiamfthe respective fishing year collections. Only
a small number of otoliths and landings (350 dtslisampled from 7 landings) were available for
analysis from the southern subarea in 2007-08 €THbI

Sampling representativeness

Bottom trawl landings from the SNA 2 fishery (foatch weight and numbers of landings) were
reasonably well spread over the entire year, withhighest proportion of annual catch most often
taken over the spring and summer months (Figurén®ddition, the sampling performance relative

to the cumulative catch of the fishery throughoatte sampling year is illustrated in Figure 4. A

disproportionately low number of landings were skdpn the first half of the 2007—-08 fishing year

relative to the fishery operation, while sampling2008—09 was distributed in reasonable proportion
to, and representative of the fishery (Figures@4)n
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Figure 3: Comparison of the monthly distribution of landed weight (grey bars) and numbers of landings
(dashed line) of snapper in the SNA 2 bottom trawlishery for all landings where snapper was caughtni
2007-08 and 2008-09. Included are corresponding iesates for all sampled landings (white bars and
dotted line) to show representativeness of colleotis.
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Figure 4: The cumulative proportion of the number d landings and samples taken from the SNA 2
bottom trawl fishery in 2007-08 and 2008—09.

A temporal comparison of the seasonal distributbmandings in the fishery (for catch weight and
numbers of landings) to those sampled from theesge subarea strata of SNA 2 (north and south)
for 2007-08 and 2008-09 demonstrates the repréisemass of the sample collections (Figure 5).
Approximately two-thirds of the landed catch wasetafrom the northern subarea in both years, and
was spread reasonably well over the entire fislygay with the exception of September in 2007-08.
The highest catches of snapper from the southdrarea were taken mainly in spring or summer. The
sampled subarea catch accounted for 6-16% by waigh—-8% by number of landings in the total
bottom trawl subarea catch of SNA 2 (Figure 5).Bwerage weight of landings sampled over the
2007-08 to 2008-09 fishing years ranged betweerd®8 for the northern subarea and 0.9-1.0 t for
the southern subarea.
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Figure 5: Comparison of the monthly distribution of landed weight (grey bars) and numbers of landings
(dashed line) of snapper in the SNA 2 bottom trawsubarea fisheries for all landings where snapper v&a
caught in 2007-08 and 2008-09. Included are corrempding estimates for all sampled landings (white
bars and dotted line) to show representativeness obllections.

Fine scale spatial comparisons (0.1 degree blogk#)e proportional distribution of the estimated
bottom trawl fishery catch and sampled catch fod72@8 and 2008-09 are presented in Figures 6
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and 7. Figure 8 presents the distribution of catieti sampled catch over the same fishing years, but
by statistical area. Over 90% of the entire SNAogdm trawl! catch is taken between Cape Runaway
in the north and Napier in the south, with the tgsiaproportion (approximately 50%) from statidtica
area 013 alone, which contains both of the majaisp&isborne and Napier.

Fishery Sampled

30'

38°

30

39°

30'

40S

30" 177€ 30" 178° 30" 179° 30" 177€ 30" 178° 30" 179°

Figure 6: Comparison of the spatial distribution of the bottom trawl catch and the sampled component
for the SNA 2 stock in 2007-08.
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Figure 7: Comparison of the spatial distribution of the bottom trawl catch and the sampled component
for the SNA 2 stock in 2008-09.
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Figure 8: Comparison of the proportional distribution of the estimated bottom trawl catch and the
sampled component by statistical area over the saripg period for the SNA 2 stock in 2007-08 and
2008-09.

A similar comparison for the same time periods clixpj the bottom trawl catch by target species is
given in Figure 9 and shows that approximately &F%he annual landed catch of snapper is caught
when either red gurnardChelidonichthys kumjuor tarakihi Nemadactylus macropterusre the
target species, although some directed snappestitagg(approximately 17%) does occur in SNA 2.
The proportionality of the sampled component tot tbfathe fishery suggests that the sampled
landings, by and large, are representative of gegation of the SNA 2 bottom trawl fleet as a whole
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Figure 9: Comparison of the proportional distribution of the estimated bottom trawl catch and the
sampled component by target species over the samqii period for the SNA 2 stock in 2007-08 and 2008—
09.

3.3 Otolith readings

All SNA 2 otolith subsamples selected for ageingrirthe 2007—-08 and 2008-09 collections were
successfully aged. Between-reader tests with gcapbbmparisons of these are given in Figures 10
and 11. Negligible differences in interpretationvieen readers was indicated by: symmetry of the
histograms in Figures 10 and 11(a); the even Higion of plotted points about the zero line in
Figures 10 and 11(b); and overlap of the error barghe age-bias plot for almost all age classes on
the one-to-one line in Figures 10 and 11 (c). Tverall percent agreement between readers was 96%.
The between reader c.v. and IAPE were less tharfFigbres 10 and 11(c)) and the profiles show
that precision was high across almost all age eta@sigures 10 and 11(d)). Comparisons of the age-
bias plots for reader 1 and 2 with the agreed dgevshat overall agreement was excellent and
precision high with c.v. and IAPE estimates lessth% (Figures 10 and 11(e) and (f)).
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Figure 10: Results of between-reader comparison tegreader 1 and 2) for SNA 2 otoliths collected in
2007-08 § = 350): (a) histogram of differences between reaatjs for the same otolith; (b) bias plot
between readers; (c) differences between readersrfa given age assigned by reader 1 (d) c.v. and IA&P
profiles (precision) relative to the age assignedytreader 1; (e) bias plot between reader 1 ((f) reker 2)

and agreed age. The expected one-to-one (solid )reend actual relationship (dashed line) between rekers

are overlaid on (b) and (c), and between reader Ind 2 and the agreed age on (e) and (f).
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Figure 11: Results of between-reader comparison tegreader 1 and 2) for SNA 2 otoliths collected in
2008-09 (1 = 1250): (a) histogram of differences between readjs for the same otolith; (b) bias plot
between readers; (c) differences between readersrfa given age assigned by reader 1 (d) c.v. and IA&P
profiles (precision) relative to the age assignedytreader 1; (e) bias plot between reader 1 ((f) reker 2)

and agreed age. The expected one-to-one (solid )reend actual relationship (dashed line) between rekers

are overlaid on (b) and (c), and between reader Ind 2 and the agreed age on (e) and (f).
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The oldest snapper aged from the northern and eoutfubarea samples of SNA 2 in 2007-08 were
25 and 52 years respectively, and for 2008—09 n844Q years.

3.4 SNA 2 bottom trawl catch-at-age estimates

Catch-at-age compositions (using the RAF samplipgr@ach) with bootstrap variance estimates
were derived for the SNA 2 bottom trawl fishery asubarea strata for the 2007—-08 and 2008-09
fishing years and are used to compare spatialrdiifaes in age structure and to identify relativarye
class strengths (Figures 12 to 14, Appendices ZabdnThe subarea proportion-at-age estimates
determined from sampling over consecutive fishiegrg indicate consistent spatial heterogeneity in
age structure within the SNA 2 fishery, with relatiyear class strengths persisting across years
within each subarea (Figures 12 to 14). Catchas fte northern subarea were largely comprised of
young snapper, over 90% of landed catch by nundped 40 years or younger, and closely resembled
the combined subarea estimates determined for h#e Zstock. The 2003 year class was the most
dominant in the northern subarea accounting forinnevery four fish landed, about twice that of
most other common age classes. For the southemreaybproportion at age varied significantly
between years, indicative of high inter-annual ugorent variability.
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Figure 12: Proportion at age distributions (histogam) and c.v.s (line) determined from snapper landigs

sampled from SNA 2 and the northern and southern sharea bottom trawl fisheries in 2007—08 and 2008—
09.

Although mainly comprised of young snapper, souttmrbarea landings also contained a small but
appreciable number (approximately 5%) of fish gretttan 20 years of age. The 2003 year class was
even more dominant in the southern subarea, makinigetween one in every two or three snapper
landed in the 2007-08 and 2008-09 fishing years.

Proportional and cumulative plot comparisons otleat-age for the northern and southern subarea
strata by fish number and fish weight are giveRigures 13 and 14. Although proportionality at age
differences were apparent between the subaresoageositions for the 2007-08 and 2008—09 fishing
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years, the overall cumulative differences by numibere not as marked as those presented for weight,
especially in relation to the older age classeguiféis 13 and 14).
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Figure 13: Comparison of the proportion (by numbersof fish) and cumulative proportion at age
distributions determined from snapper landings samfed from the SNA 2 subarea bottom trawl fisheries
in 2007-08 and 2008-09.
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Figure 14: Comparison of the proportion (by weight of fish) and cumulative proportion at age
distributions determined from snapper landings samped from the SNA 2 subarea bottom trawl fisheries
in 2007-08 and 2008-09.

Mean age for the northern subarea catch-at-agmatss in 2007-08 and 2008-09 ranged between
6.8 and 7.4 years and for the southern subarean@l.®.8 years. Precision on estimates was geyerall
high with MWCVs generally close to 0.20. The lowpstcision (MWCV = 0.32) was calculated for
the southern subarea in 2007-08 as sample sizwdn = 350) (Figure 12).
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Length frequency summaries of RAF collections

The length distributions of snapper from the sulydamselected for ageing are very similar to those
of the total RAF samples for the SNA 2 bottom tr&glery and subarea strata in 2007-08 and 2008—
09, suggesting that the aged fish are represeatatfvthe total samples (Figures 15 and 16;
Appendices 3a—d). Consistent spatially heterogeneatterns in the length structures were apparent
in the SNA 2 fishery between years with the norh&rbarea comprising a higher proportion of small
and fewer large snapper compared to the southdrarea (Figures 15-17). The significance of the
proportionality differences between the subaregtlenompositions is most evident in the cumulative
plot comparisons depicting an increase in the @aeesize of snapper from north to south (Figure 17).
Bimodality in the length distributions was more goon in the southern subarea and the distributions
were generally broader, especially in 2008—-09 (fegul5-17). Mean length of snapper sampled from
the northern subarea in 2007—08 and 2008-09 radmgfeceen 33.7 and 35.3 cm and was consistently
lower than estimates for the southern subarea,881139.9 cm.
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Figure 15: Proportion at length distributions (histogram) and c.v.s (line) determined from snapper
landings sampled from SNA 2 and the northern and sghern subarea bottom trawl fisheries in 2007-08.
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Figure 16: Proportion at length distributions (histogram) and c.v.s (line) determined from snapper
landings sampled from SNA 2 and the northern and sghern subarea bottom trawl fisheries in 2008-09.
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Figure 17: Comparison of the proportion (by numbersof fish) and cumulative proportion at length
distributions determined from snapper landings samfed from the SNA 2 subarea bottom trawl fisheries
in 2007-08 and 2008-09.
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3.5 Spatial variation in mean weight-at age, mean | ength-at-age, and growth

Mean weight-at age and mean length-at-age

Comparisons of mean weight-at-age and mean lengiheafor the SNA 2 bottom trawl fishery
subarea collections from 2007-08 and 2008—-09 shatvsubstantial spatial growth differences exist
within the fishery (Figure 18, Appendices 4a andd,and b). Landings from the southern subarea
comprise shapper of a greater average weight aedai a given age over almost all age classes than
landings from the northern subarea. Spatially miistirends in mean weight- and length-at-age were
generally consistent between years, increasing age the exception being estimates derived from
age classes comprising low sample sizes, most apipiarthe southern subarea collection from 2007—
08 (e.g., 8, 10, and 11 year olds) (Figure 18)nizgts of mean weight-at-age and mean length-at-age
for some of the young age classes (i.e., 2 to Bsyald) did not differ considerably between subsrea
These estimates may be positively biased becausieeaminimum legal size (MLS) restriction of
25 cm in commercial catches, and also becausefigtis age range may not yet be fully recruited to
the fishery.
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Figure 18: Observed mean weight-at-age and mean lIgih-at-age estimates from snapper landings
sampled from the SNA 2 subarea bottom trawl fishegs in 2007—-08 and 2008-09.

The percentage weight differences in mean weighat between the SNA 2 subarea fisheries in
2007-08 and 2008-09 were considerable, with sndpp@rthe common age classes in the southern
subarea weighing on average around 60% more forem @ge than northern snapper (Figure 19). A
comparison depicting the expected average agehfee tdifferent size (and weight) categories of
snapper (32, 42, and 55 cm) further illustrateshighly variable growth rate differences that exist
between the subarea strata of SNA 2 (Figure 23. ditect effect of such growth variation in terms
of the relative weight and number of snapper lande@NA 2 in the respective subarea strata is
presented in Figure 21. Approximately one-thirdhaf landed SNA 2 catch in 2007-08 and 2008-09
can be apportioned to the southern subarea by tyaigighly equivalent to about one-quarter in
terms of numbers of fish. The overall mean weightaf snapper landed in the northern subarea for the
consecutive fishing years was around 0.9 kg conaptaré .4 kg for the southern subarea (Figure 22).
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Figure 19: The percentage weight difference for elcage class (positive or negative) between the SNeA
southern and northern subarea bottom trawl mean wejht-at-age estimates from 2007-08 and 2008—09.

Figure 20: Age range and mean age estimates for the different size categories of snapper from the
SNA 2 subarea bottom trawl fisheries in 2007—08 an2008-09.
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2007-08 2008-09
Figure 21: Comparison of the relative weight and nmber of snapper landed from the SNA 2 subarea
bottom trawl fisheries in 2007—08 and 2008-09.

Weight of
snapper

Number of
snapper

Figure 22: Comparison of the average size of snappkanded in the northern (top: 0.9 kg, approximatey
35 cm) and southern (bottom: 1.4 kg, approximatelytl cm) subareas of SNA 2 by bottom trawl in 2007—

08 and 2008-09.

A comparison of snapper mean weight-at-age estsvdggved from the SNA 2 subarea bottom trawl
fisheries in 2007—08 and 2008-09 with those from dHjacent stocks, Bay of Plenty (SNA 1) and
west coast North Island (SNA 8), for the same fighjears is given in Figure 23. Mean weight-at-age
information was not available from the Bay of Plesingle trawl fishery for comparison in either

year, and was instead substituted with estimates the bottom longline fishery. Southern subarea
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mean weight-at-age estimates were consistently digbss all age classes and most often the highest
for the common age classes, closely aligned toetidesermined for the SNA 8 bottom trawl fishery.
Despite the selectivity-at-age differences betwiednng methods, mean weight-at-age from northern
subarea bottom trawl fishery was consistently highan that for the Bay of Plenty bottom longline
fishery, but well below estimates from the southsrharea and SNA 8.
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Figure 23: Comparison of mean weight-at-age estimas sampled from SNA 2 subarea bottom trawl
fisheries in 2007-08 and 2008-09 with estimates fnothe SNA 8 bottom trawl and Bay of Plenty (BPLE)
bottom longline fishery in SNA 1.

Snapper growth

Scatterplots of age-length data and generated estalanffy growth curves (using decimalised ages
and not fishing year ages) for the combined 200%&r@B2008-09 otolith collections from the SNA 2
fishery illustrate the marked spatial differencegrowth rates present between the subarea fisherie
(Figure 24). Although proportionally low numbersadfl fish (20 or more years) were present in the
SNA 2 subarea collections, the numbers in the sontBubarea were more than twice as common
than those in the north, spanned a greater age ramgl where present, were often represented by
more than one individual, indicative of previoudirong year classes (Figure 24). There was a
noticeable absence of samples occupying many oftdenage” years, especially in the southern
subarea, and across both years (Appendix 6). Bgoolwth coefficient k) values were equivalent at
0.24 over the consecutive years for the northebarga and ranged between 0.090 and 0.101 for the
southern subarea (Table 2). Combined fishing yakres of 0.027 and 0.097 were determined for the
respective subareas to see if improvement couldndde on the estimates. Despite an increased
sample size, the paucity of older age samplesamtirthern subarea is unlikely to provide realistic
estimates of growth (Figure 24).

Table 2: von Bertalanffy parameters calculated fromRAF snapper otolith data collected from the SNA 2
subareas in 2007—08 and 2008-09.

Fishing year SNA 2 subarea Ling k to n
2007-08 North 106.4 0.024 -8.76 710
South 72.9 0.090 -2.35 350
2008-09 North 103.1 0.024 -10.03 600
South 71.0 0.101 -1.86 650
Combined years North 98.7 0.027 -8.85 1310
South 71.7 0.097 -2.02 1000

Lins= length-at-age infinityk = Brody's growth coefficient;, = hypothetical age at zero length.
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Figure 24: von Bertalanffy growth curves and scatteplots of age-length data for snapper sampled from
the SNA 2 subarea bottom trawl fisheries using theombined data from 2007—08 and 2008-09 (Note;

sample size). Age is decimalised as of the month obllection relative to an assumed January 1
“birthdate”.

3.6 Spatial variation in year class strength

Clear differences were evident in the relative yaass strength patterns between the northern and
southern subareas of SNA 2 for 2007-08 and 2008n9%earson correlation coefficients for catch
curve residuals of year class strength were naoiifsignt at the 5% level (Figure 25, Table 3). mte
annual year class strength variation in the nonttsetbarea appears less than the southern subarea,
especially between the 1999 and 2003 year classeently the most abundant in the fisheries
(Figure 25).
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Figure 25: Relative differences in year class strgiths based on deviations from a fitted log-linear
regression line to catch-at-age curves for the 4-Hje classes in the SNA 2 subarea bottom trawl fisties

in 2007-08 and 2008-09. Note: no comparisons areepented for age classes that were absent of fish.
Positive values represent year classes of above eage strength.

Proportion-at-age estimates and derived relativer ytass strengths from adjacent Bay of Plenty
bottom longline fishery in SNA 1 for the same fislpiyears were consistent with the northern SNA 2
subarea estimates and significantly correlatedufesy 25 and 26, Table 3). Estimates for the SNA 8
bottom trawl fishery failed to correlate to eithdrthe SNA 2 subareas over the consecutive fishing
years (Table 3).

Table 3: Pearson correlation coefficients for catclturve residuals of year class strength for the 49lage
classes in the SNA 2 subarea bottom trawl fisheriegs 2007—08 and 2008-09. Included for comparisons
are estimates from Bay of Plenty bottom longline (BLE_BLL) and SNA 8 (SNA8_BT) bottom trawl
fisheries for the same years.

2007-08 2008-09
SNA2_NTH SNA2_STH BPLE_BLL SNA8 BT SNA2_NTH SNA2_STH BPLE_BLL SNA8_BT
SNA2_NORTH 1 0.316 0.738 0.194 1 0.234 0.761 -0.084 Coeff
0 0.317 0.006 0.547 0 0.465 0.004 0.795 p(Coeff =0)
SNA2_SOUTH 1 0.215 -0.073 1 -0.345 -0.106 Coeff
0 0.501 0.821 0 0.272 0.743 p(Coeff =0)
BPLE_BLL 1 0.612 1 0.049 Coeff
0 0.035 0 0.879 p(Coeff = 0)
SNA8_BT 1 1 Coeff
0 0 p(Coeff=0)
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Figure 26: Proportion at age distribution comparisms for snapper landings sampled from the SNA 2
subarea bottom trawl fisheries and the Bay of Pleptsubstock bottom longline (BPLE) fishery in 2007-8
and 2008-09.
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3.7 RAF sampling optimisations for SNA 2 subareas

The optimisation results for a RAF sampling desagproach specific to each SNA 2 subarea stratum
indicates that approximately 600 otoliths samplexinf the northern subarea, and 300-400 otoliths
from the southern subarea, would be required teewaeta target MWCV of 0.30 for each area (Table

4). The results suggest that 15-20 bottom trawdifegs would need to be sampled in the northern
subarea and 10 landings in the southern subarsadban data from the 2007—08 and 2008-09
collections (under the assumption of a high le¥edrecision in ageing snapper (see Section 3.3)).

Table 4: Bootstrapped MWCVs based on landings samgtl and otoliths collected from the SNA 2 subarea
bottom trawl fisheries in 2007-08 and 2008-09 usirthe random age frequency sampling approach. The
shaded area indicates the recommended number of ldimngs and otoliths per landing to sample from the
fishery to achieve a target MWCV of 0.30.

2007-08 North 2007-08 South

Number of otoliths per landing Number of otoliths per landing
Landings 20 30 40 50 60 Landings 20 30 40 50 60
10 0.4459 0.4235 0.4123 0.4026 0.3884 10 0.3149/ 0.2932 0.2793 0.2735 0.2573
15 0.3637 0.3392 0.3303 0.3213 0.3153 15 0.2539 0.2336 0.2233 0.2121 0.2131
20 0.3105/ 0.2924 0.2785 0.2763 0.2679 20 0.2200 0.2001 0.1935 0.1845 0.1813
25 0.2752 0.2567 0.2506 0.2427 0.2396 25 0.1956 0.1762 0.1699 0.1680 0.1617
30 0.2480 0.2338 0.2232 0.2186 0.2186 30 0.1779 0.1631 0.1570 0.1511 0.1479
35 0.2290 0.2159 0.2068 0.2010 0.2010 35 0.1661 0.1508 0.1433 0.1403 0.1389
40 0.2194 0.1975 0.1945 0.1911 0.1886 40 0.1537 0.1426 0.1365 0.1310 0.1297
2008-09 North 2008-09 South

Number of otoliths per landing Number of otoliths per landing
Landings 20 30 40 50 60 Landings 20 30 40 50 60
10 0.3992 0.3816 0.3665 0.3501 0.3508 10 0.3527 0.3147 0.3002 0.2870 0.2771
15 0.3309 0.3130 0.2998 0.2903 0.2817 15 0.2851 0.2592 0.2402 0.2342 0.2328
20 0.2847 0.2642 0.2581 0.2501 0.2440 20 0.2496 0.2208 0.2155 0.2013 0.1939
25 0.2528 0.2399 0.2244 0.2224 0.2171 25 0.2160 0.1995 0.1870 0.1855 0.1734
30 0.2280 0.2162 0.2090 0.2029 0.1976 30 0.2035 0.1803 0.1686 0.1632 0.1639
35 0.2142 0.2003 0.1930 0.1894 0.1864 35 0.1851 0.1687 0.1593 0.1515 0.1476
40 0.2010 0.1868 0.1796 0.1748 0.1744 40 0.1802 0.1568 0.1478 0.1429 0.1415

4.0 DISCUSSION

A Ministry of Fisheries Northern Inshore Working dep meeting in April 2009 found that
inconsistencies in catch-at-age estimates andgioecivere evident in the time series samples from
the SNA 2 bottom trawl fishery, previously noted Gylbert and Taylor (2001). Anecdotal evidence
pointed to spatially heterogeneous patterns intlelagd age within the fishery being the primary
cause, although inconsistencies in accurately ggaiapper in early collections were also postulated
This current study has determined that two spwgtidistinct substocks, if not discrete biological
stocks, may exist within SNA 2, north and southM#hia Peninsula, and that the previous single
spatial stratum sampling design used in the fishtly almost certainly have biased catch-at-age
estimates and affected precision. An appropriatepiag design that optimises the allocation of
sampling effort within each designated spatialtstraof SNA 2, and achieves the desired level of
precision in catch-at-age has been proposed.

Evidence for spatially distinct populations

Spatial differences in snapper length and agetsireicrelative year class strengths, and growtsrat
were clearly evident between the northern and soathubareas that divide SNA 2, with consistent
patterns obvious over consecutive fishing year§,/208 and 2008—-09. Such differences have been
previously seen between the East Northland, Ha@aki, and Bay of Plenty substocks that comprise
the SNA 1 fishery (Walsh et al. 2011a), but are enapparent in SNA 2, especially in relation to
growth and year class strength variability.
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Growth and genetic variability

A comprehensive paper on growth rate and populainrcture of snapper in the East Cape region
(Paul & Tarring 1980) utilising trawl survey anddasampling data from the 1960s and early 1970s,
found an increase in the average size of snapper frorth to south, similar to the findings of this
report. Their spatial stratification of length ftempcy data of what is now SNA 2, was relatively
similar to ours. Their only age sample collectiooni the fishery in 1972n(= 331, modified to an
age-length key) from the R.\James Cooklid not determine any ‘local variations’ in growtior did

it comprise spatially independent collections fgeaAlthough neither complete nor fully random,
these collections were reasonably well spread theerange of SNA 2. They determined that mean
age increased with latitude (only for depths ovem®, opposite to our findings, but this trend was
confounded by inadequate sampling and the preseijeeniles at some shallow stations. As the
time period between this and our study exceeds rti@e three decades, however, the exploited
status of the SNA 2 fishery has changed considgrahll such comparisons may not be appropriate.

More recently, Ryan (1993) found variation in theescomposition of bottom trawl samples from
SNA 2 in 1991-92 that could not be explained solgyyfish growth, although no stratification
between Gisborne and Napier landings was undertakieich may have been the root cause. Paul &
Tarring (1980) did determine growth to be fastethia East Cape region than the Hauraki Gulf and
slower than the west coast North Island stock (8)Awhich concurs with our findings for the
northern subarea of SNA 2, but not for the soutlseitmarea. We found that snapper caught from the
Hawke Bay region have one of the fastest growtssrat New Zealand, similar to SNA 7 on the north
and west coast of the South Island.

With East Cape snapper 15-20% larger than fish tteenHauraki Gulf at equivalent ages, Paul &
Tarring (1980) found no obvious explanation for tfiéference, given the southern location and
cooler waters at East Cape. They postulated thailation density and food availability were factors
to consider in future studies, but overlooked tlssibility of distinct populations. In this current
study, mean weight-at-age estimates determinedtizgtper from the southern subarea weighed 60 to
70% more at a given age (average across all ageespthan those from the northern subarea, the
greatest contrast in snapper growth observed wiimyp New Zealand Quota Management Area
(QMA). This trend mainly increased with age, andswaore obvious in fully recruited age classes,
despite anomalies where small sample sizes existatlidy of the genetic variation and population
structure in the New Zealand snapper (Smith et@I8) indicated that stock mixing occurs at East
Cape (i.e., between SNA 1 and SNA 2), and reveldigke Bay to be genetically distinct from the
east coast New Zealand stock, but not significadifferent to the west coast North Island (now
SNA 8). Differences in growth in snapper held iptoaty have been attributed to genetic variation
(Tait 1996, Taniguchi et al. 1981, 1988), and mayvjle an explanation for the spatial variability i
shapper growth seen between the subareas of SI$fMmRRh et al. (1978) emphasised that genetic
anomalies for snapper appear to occur at the gpbigad limits of the east and west coast New
Zealand stocks, possibly in response to environahéattors, such as water temperature. In addition,
snapper from the southern-most range of New Zeajandrally exhibit the fastest growth (Longhurst
1958, Paul & Tarring 1980), and often have low pation densities (Ministry of Fisheries 2011).

The growth rate of snapper from different populagion New Zealand has been intensively studied
(Cassie 1956, Longhurst 1958, Paul 1976, Voorerno&mibs 1977, Paul & Tarring 1980, Horn 1986,
Francis et al. 1992, McKenzie et al. 1992, Fraié84, Davies et al. 2003, Walsh et al. 2006b), and
is known to vary between populations on a relagivarhall spatial and temporal scale, with spatial
differences in growth between stocks usually maompunced (Davies et al. 2003). Given the current
growth differences present within the SNA 2 statkhis report, we can now determine that a trend of
increasing growth rate exists for snapper from fiisinct stock or substock fisheries (from noxh t
south: East Northland, Hauraki Gulf, Bay of Plentprthern SNA 2, southern SNA 2) down a
latitudinal cline on the east coast of New Zealandiorth Island. Walsh et al. (2006b) found thatyonl
minor differences in growth rates of snapper easbss the latitudinal zones of SNA 8, principally
the west coast of the North Island, implying tlidliel spatial variation occurs within this stocku®to

the paucity of old fish in the current SNA 2 cotieas, particularly in the northern subarea,
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comparisons in growth rates between areas shouteaied with some caution as they are unlikely to
provide realistic estimates of growth.

Environmental effects on year class strength

Although the QMA boundary at Cape Runaway geogiailyi separates SNA 1 and SNA 2, both
stocks effectively exist within the same oceanitev®dody. The East Auckland Current flows south-
eastwards along the eastern coast of the Northdsthen predominantly north at East Cape (Heath
1985), with a warm saline tongue of water flowingund East Cape (Heath 1975) extending
southwards and giving rise to the East Cape Curfentyear class strength variation in snapper is
strongly correlated with water temperature (Fran®83, Francis et al. 1997), it is not surprisingtt
catch-at-age and year class strength estimates tinermorthern subarea bottom trawl fishery of
SNA 2 for 2007-08 and 2008-09 were strongly coredlavith estimates from the adjacent Bay of
Plenty bottom longline fishery for the same yedsnsistent patterns of inter-annual year class
strength variability were evident in a 21-year tisggies of catch-at-age data between the substbcks
SNA 1, including the Bay of Plenty (Walsh et al128). Nevertheless, considerably slower growth
was obvious in Bay of Plenty snapper compared ¢onthrthern subarea of SNA 2, despite known
selectivity-at-age differences between bottom lmeghnd bottom trawl (McKenzie 2012), and these
may reflect real differences in growth due to spafe.g., environmental and bathymetric) and
temporal (e.g., climate variability) factors whibbve an underlying environmental and genetic basis
(Kimura 1995).

Tagging studies

Since 1954, a number of large-scale snapper tapte® experiments have been undertaken on the
east coast of New Zealand to provide informationeither fish movement or to determine stock
biomass (Appendix 7). During this time, a totabekr 60 000 snapper have been tagged and released
with external markers, almost all within SNA 1, @iof which have been recovered from SNA 2
(Appendix 7). Although the recapture rate of taggedpper in SNA 2 was very low (0.02%), it does
provide evidence of linkage between the adjacemt $Mdnd SNA 2 stocks. No recoveries were made
from the 38 snapper tagged within SNA 2 between8188d 1960 (Paul 1967), the only snapper
tagged within the stock in over 50 years of tagginglies.

Early studies trialled a range of external tagg g, operculum straps, Petersen discs) witlr late
experiments using a variety of ‘spaghetti’ typestdfpck-on, anchor, dart). The largest and most
comprehensive tagging programme in New Zealandumdsrtaken in 1994 to estimate the recruited
stock biomass of SNA 1. Internal coded wire tagsewsesed, which were detected electronically by
scanning the recapture sample (McKenzie & Davie36)9However, as no tag detection capability
was proposed for either the Gisborne or Napierspard movement of fish into SNA 2 could be

determined.

Should the same biological stock continue past GRypeaway, then the consistent differences in
growth and the aforementioned stock mixing at E2egpe would tend to indicate that the Bay of
Plenty and the northern subarea of SNA 2 might lmermappropriately described as adjacent
substocks, with a minor level of mixing and migoatioccurring, similar to that seen between the
substocks of SNA 1. Only a comprehensive tag-recagirogramme to fully determine immigration

and emigration between the SNA 1 and SNA 2 stoakd, between the subareas of SNA 2, would
ultimately confirm whether or not biologically diete stocks exist.

Spatial differences in catch-at-age

Similarities in proportion-at-age estimates betwdéiem northern and southern subareas of SNA 2
appear mostly consistent only when recruitment wel above average strength (i.e., for the 2003
year class), and indicative of warm years. Altho@jtbert & Taylor (2001) determined a positive
relationship between year class strength and sgsimgmer air temperature for SNA 2, it was found
to be a less precise predictor, claiming procedssampling error for the lack of fit. It is highlikely

that a combination of the following factors weree tmain cause. Firstly, the underlying spatial
heterogeneity in catch-at-age within SNA 2 indidatyy the poor correlation between strong and
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weak year classes in catches north and south ofaviaéninsula, and secondly, the inconsistent
sampling and ageing strategies used for early daies.

Although differing in relative proportions, catctrage estimates for the SNA 2 subarea bottom trawl
fisheries in 2007-08 and 2008—-09 were mainly cosepkriof fish between 3 and 10 years of age, the
southern subarea having a higher proportion otlaagd older fish. In comparison, the age frequency
sample collected from the East Cape region in 48&2 broad, spanning a wide range of ages (1-55
years old) and comprised a number of particulariyng year classes (Paul & Tarring 1980). Some of
these correlate with the few remaining old fishtie RAF samples from the southern subarea in
2007—-08 and 2008-09, particularly the 1956, 1998631 and 1970 year classes, now 40 or more
years of age, reflecting the accurate ageing ctiyrém place for snapper. Paul and Tarring (1980)
suspected their accuracy to be plus or minus 2yieasgeing fish over 25 years, but this should not
have affected the comparison here as most of temkntioned strong year classes in the 1972
sample were less than this age.

Large snapper appear relatively common in bott@wltfandings from Napier, which was the initial
reason for this investigation into perceived spatifferences in fish size within SNA 2. Large
shapper have been rarely encountered in catch eangblcommercial landings from SNA 1 and
SNA 8 since 1989-90 (Walsh et al. 2011a, b), esfigaen bottom trawl landings where selectivity is
generally high for small fish and low for largeHigSullivan & Gilbert 1978; Davies et al. 2006).
Consequently, the relatively high abundance ofdasgapper in bottom trawl landings from the
southern subarea would most likely reflect the texise of a significant number of large fish within
this population, relative to the stock size. Thespnce of large fish in the southern subarea most
likely indicates that the exploitation rate of tiart of SNA 2 has been historically lower than the
northern subarea.

Southern geographic range for snapper

The periodic occurrences of strong year classéeifcast Cape region (Paul & Tarring 1980) and the
high inter-annual year class strength variabilityident in the southern subarea catch-at-age
collections in 2007-08 and 2008-09, almost cegaieflect the fact that the SNA 2 fishery borders

the geographic range for successful recruitmentilai to SNA 7. In these two fishing years, over

99% of the SNA 2 TACC was taken north of Cape Kppes, the southernmost tip of Hawke Bay,

geographically equivalent to the northern half lné stock. Consequently, almost all the southern
subarea commercial catch can be considered as teirgipt entirely from Hawke Bay.

Paul & Tarring (1980) described Hawke Bay as thattseastern limit of the commercial range of
New Zealand snapper, supported by insignificandlitags of snapper further south, from areas such
as Castlepoint, where totals were less than 1 year (Proposed Central Fisheries Management Plan
1987). However, commercial trawl at-sea samplespeising large snapper were taken south of
Hawke Bay (Paoanui Point to north of Cape Pallibetjveen 1966 and 1972 (Paul & Tarring 1980),
and anecdotal information from interviews with Wa@pa fishers suggest that snapper were more
common in the south during the 1950s and 1960st@liDuffy pers. comm.). These were periods of
high commercial fishing pressure, associated wisitrang decline in the SNA 2 biomass (Gilbert &
Philips 2003, Langley 2010). More recently, a seioé east coast North Island trawl surveys from
1993 to 1996 found almost no snapper south of HaBde (Kirk & Stevenson 1996, Stevenson &
Kirk 1996, Stevenson 1996a, b), a period wheniteefy was considered to be recovering, estimated
to be about 15% of the virgin biomass (Langley 20Tbe low number of snapper that inhabit the
very southern reaches of the SNA 2 stock (Manandsta Cape Palliser) are likely to be part of the
west coast North Island stock, SNA 8, as indictigtheir genetic similarities (Smith et al. 1978pa

the low abundance of animals in catches betwesratiea and Hawke Bay in recent times.

Coastal oceanography and subtidal habitats

The coastal waters of east coast North Island cee@ complex and wide range of habitats with
sandy sediments common in shallow inshore watedsnamddy sediments progressively increasing
with depth. Although only a handful of small rivestuaries are present along the coastline, inshore
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and offshore subtidal reefs are generally widespr&arbid inshore waters are common, due to river
discharges and suspension of sediments by wavenaatid inner shelf wind induced currents
(Department of Conservation unpublished reports3trAng warm East Cape current flows south and
a colder Southland current flows north (Barnes 1@8tswell & Roemmich 1998) often reaching as
far as Mahia Peninsula (Ridgway & Stanton 1969k fiossible the geographic prominence of Mahia
Peninsula, and the opposing water currents closehisolatitude, may provide an environmental
barrier to effectively divide the lower east coblsirth Island coastline into two distinct areas,raid
the formation of two distinct substocks within SIRA

Snapper spawning and nursery grounds

Although snapper are serial spawners in New Zealaitld the season extending from October to
January (Crossland 1977), most spawning occurgpthd of 20—70 m in November to December in
northern areas, when sea bottom temperatures @anacai5-17°C and sea surface temperatures 16—
21°C (Cassie 1956, Crossland 1977, 1980, 1981t &cBiankhurst 1992). Locations and times are
not well determined for SNA 2, but may be similathose described above (Hurst et al. 2000). While
spawning is unlikely to occur in very turbid or wastne (low salinity) areas (Crossland 1981),
estuaries and shallow, sheltered coastal embayrhamésbeen found to be important nursery grounds
for juvenile snapper, with strong association tintj biogenic habitats. These include seagrass
(Zostera mullefi meadows, horse musséitfina novaezealandidebeds and shallow coastal reefs
(Kingett & Choat 1981, Francis et al. 2005, Schweiral. 2006, Ross et al. 2007, Morrison et al.
2009), and on occasions terrestrial debris i.@s land branches (Morrison et al. 2009). Research
trawl survey samples in 1972 and 1973, in whabis defined as SNA 2, showed sufficient juvenile
snapper (less than 25 cm; ages 0+ to 2+) weremrgssome inshore areas in depths less than 50 m
to be defined as nursery grounds, with particuliggh concentrations of juveniles at East Cape and
Hawke Bay (Paul & Tarring 1980). They suggested tha demonstrates successful spawning, but
not necessarily every year, and supports the mggr-annual year class variability evident in their
age collection from 1972, and in the southern sdbaatch-at-age collections of this present study.
Despite this, the nursery areas for immediate petement snapper in SNA 2 remain unknown.

Sea surface isotherms estimated from hydrologisaleys in the peak of summer (February/March)
from 1963-1971 (Heath 1975) and in a series of eaast North Island research trawl surveys in
1993-1996 (Stevenson & Kirk 1996, Stevenson 19®9aaveraged around 20°C at East Cape,
decreasing by about 1 degree for Hawke Bay, andthelr degree for the Wairarapa coast. Despite
occupying a greater latitude than the large SNAoputation in the north, it appears that water
temperatures in SNA 2 over summer are warm enoaghllow for adequate larval and juvenile
snapper survivorship during this period. Howevex,yaar class strength variation in SNA 1 was
found to be strongly correlated with mean Februduype sea surface temperatures (Francis 1993,
Francis et al. 1997), the autumn temperatures iA 3Mnay not be as favourable, especially for the
development of young snapper (Kilner 1983). In geaf below average temperatures, juvenile
snapper mortality may be considerable, particularlyhe southern geographic range (i.e., Hawke
Bay). Although few juvenile or immature snapper @encountered in the 1993-1996 trawl surveys,
largely because an 80 mm cod end mesh size was msay adult snapper were of a late stage
gonadal development, indicating that spawning viitlsoscurring during February and March (Kirk
& Stevenson 1996, Stevenson & Kirk 1996, Steverig96a, b).

Discrete biological stocks or substocks?

The proportionately high abundance of adult snappeupying the northern subarea, the consistency
in catch-at-age estimates, and the knowledge femgging studies that the vast majority of snapper
travel less than 50 n. miles from where they weteased (Paul 1967, Crossland 1976, 1982, Tong
1978, Walsh et al. 2006b), support the theory @lelsustaining northern subarea population in
SNA 2, with only a minor level of immigration ofsfi from SNA 1. Paul & Tarring (1980)
hypothesized that the East Cape stock probably deewp both locally spawned fish and an
accumulation of older fish which are slowly movisguth-eastward to the limits of their preferred
range, but stipulated that a clearer understanafiiigh movement would be essential in interpreting
fluctuations in snapper abundance.

Ministry for Primary Industries SNA 2 length and age 07-08 and 08-09 « 27



The southern subarea, principally Hawke Bay, isléingest of the coastal embayments on the coast,
and has unique environmental habitats and oceaplogra diverse inshore sedimentary fauna, and
few subtidal reefs (Ridgway & Stanton 1969, Bradfet al. 1980, Francis 1985). One large area in
particular, colloquially known as the Wairoa Haektends to 11 km offshore, comprising coarse
sediments, occasional patches of cobbles and rotthaps, and extensive areas of kefigklonia
radiata), is recognised by local fishermen to be a sigaift snapper nursery ground (Tai Perspectives
1996). The Wairoa Hard was closed to commerciafigleing in 1981, prompted by concerns of trawl
gear impact in relation to the snapper fisherypider to protect both juvenile snapper and their
habitat. The Wairoa Hard was also identified asimary feature of the Waihua River-Tangoio Reef
“Area of Significant Conservation Value” by the efment of Conservation and Hawke's Bay
Regional Council in 1995. Despite this, no sciéntiesearch has been undertaken to quantify the
relative abundance of snapper from the Wairoa Hanlation to the whole Hawke Bay area, the
association of juvenile snapper to any particulagénic habitat, and whether a nursery for snapper
actually exists. Should it transpire that the Waitdard is an important area for juvenile fish, then
ongoing protection is essential to ensure the mimindestruction of habitat and prevent capture or
disturbance of juveniles for the long term benefithe Hawke Bay fishery. Of significance however,
is that the closure of the Wairoa Hard has hadatistitally significant effect on the ecological
characteristics of the seafloor (Thrush et al. 1J9%evertheless, the distribution and habitat
requirement for post settlement snapper (0+) resnaaorly understood within SNA 2. Research from
other localities suggests that shallow estuarirstéts may be of primary importance for these early
stage snapper (Morrison et al. 2009). If an ontggafnhabitat requirements does occur for juvenile
shapper, protection of nursery areas that are irapbthroughout the juvenile stages (e.g. the Véairo
Hard) may not be sufficient to ensure initial swsfal recruitment to the fishery. Additional resgar

on the distribution of post settlement snappeNA2 is required.

Water circulatory and hydrological patterns for HkavBay are complex, with inflow of oceanic water
from either the East Cape or Southland currentsioguwo or three circulation cells, and outflows
along the margin of the bay (Ridgway 1960, Ridgwa$tanton 1969, Bradford et al. 1980, Francis
1985, Heath 1985). Water salinity, modified by hwater run-off mainly from the Wairoa and
Mohaka rivers, and temperature, are lower in thetban on the open coast (Rigdeway & Stanton
1969, Bradford et al. 1980, Heath 1985). It is ®wvable that the water circulation, and unique
habitats such as the Wairoa Hard, may collabodgtipeovide the mechanism to support a discrete
biological snapper population in Hawke Bay, seltained by periodic recruitment from localised
spawning when conditions are suitable. No inforomgtihowever, of spawning aggregations or
spawning conditioned snapper within Hawke Bay isantly available to help verify the hypothesis
of self-sustained recruitment.
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Overview and summary

SNA 2 bottom trawl landings generally comprise srspandomly distributed throughout the catch,
either binned at sea or during unloading, unlikeydas from SNA 1 where clustering by fish size
occurs, which may influence precision in catchgd-astimates (Walsh et al. 2000). Aside from any
potential bias due to grab sampling and gear s$eitgctthe results presented in this report indicat
high level of consistency in RAF sample estimatedtie subarea fisheries of SNA 2 in 2007-08 and
2008-09. Comparisons of temporal and spatial fgslsind sampling effort suggest a good level of
representativeness in the collections, and adequatssion in the catch-at-age estimates (MWCVs
0.20-0.32) reflective of a rigorous sampling desigd accurate ageing.

There is enough evidence presented in this repadlation to snapper length and age structure, yea
class strength, growth, and genetic variabilitywssn the northern and southern subareas of SNA 2
to demonstrate that they are distinct substocksnaf discrete biological stocks. Movement
information from a tagging programme would clardpy uncertainty as to whether the arbitrary
division at Mahia Peninsula forms a suitable stoolndary within SNA 2, and if significant linkage
exists between SNA 1 and SNA 2 at Cape Runawayhé&umore, if discrete stocks do exist and a
change in the distribution of fishing effort occulacalised depletion within one of the subareay ma
become an issue. The southern subarea may beutetticvulnerable because it is likely to have a
smaller population size. Another issue arising friv@ potential for discrete stocks within SNA 2 is
the identification and ongoing protection of nuysbabitats for all ontogenetic early life stages of
snapper.

Any proposed catch sampling design for the SNAsBdry should ensure that sampling adequately
accounts for the underlying spatial patterns dbedriabove. An optimised sampling design for
estimating catch-at-age and precision based ore-atmtification of sampling effort across the two
subareas, north and south of Mahia Peninsula, ghmmukufficient to account for spatial heterogsneit
within the stock. However, as no temporal pattevase investigated in this report due to inadequate
sample sizes, particularly in the southern subaddiactions, this aspect may be fully addressed in
future work. As the SNA 2 fishery is almost entrétawl based, and comprised predominantly of
young fish, it would be prudent to ensure that dargps undertaken at least every three years to
adequately determine relative recruitment streogtla minimum of two occasions, with consecutive
year sampling a preferred option.

Recommendations for utilising historical informatio n

Catch sampling data

To utilise historical catch-at-age collectionsyespective analysis of age data from 1997-98, 1998—
99, 1999-00, 2002-03, and 2004-05 could be undmrtédr each landing by investigating the
following for each spatial subarea: port of landiggowth rates, and the presence/absence of large
and old fish. As the smallest spatial scale in SNgrior to 2007—-08 was statistical area, arealdbase
stratification of previous SNA 2 sampling was dednmapractical by Blackwell (2009) particularly
as statistical area 013 straddled both major p@ishorne and Napier. However, it was determined
from the current study using data from 2008-09 tipato 95% of all sampled vessels fished only in
the northern or southern subarea of SNA 2, andel@ndto the corresponding home port of that
subarea. As home port appears strongly correlatéighing activity in the adjacent subarea (despite
statistical area 013 being common to both ports)may provide a method, along with the
aforementioned factors above, of stratifying his@rSNA 2 catch-at-age data into spatially diseret
subarea estimates. It also appears that the ayb&rdbarea division of the SNA 2 stock at Mahia
Peninsula in this current study, by chance, noy determined the approximate biological boundary
between the substocks of SNA 2, but also refleeérdobvious geographic partition that often
restricted the fishing behaviour for trawlermenratieag out of the respective ports.

Collections from 1991-92, 1997-98, and 1998-99 waabuire re-ageing as they were previously
aged by different personnel using different intetations in growth zones (i.e., no fixed marginjl an
age estimates residing in thgedatabase are almost certainly inaccurate. Shbeldecommendation
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be considered to re-investigate historical SNA 2 dgta, it is highly likely that the fit of future
assessment models to the complete SNA 2 catchediirag series could be significantly improved.

Research trawl survey data

Length frequency data exists for snapper from thet eoast North Island area from R.MNatere
(1954-66) and R.VJames CooK1972—73) research trawl surveys and include tbtslamples from
1972, the only age collection made from the fishdarging these years. At-sea snapper length samples
collected between 1966 and 1973 from commercialltveessels operating on the east coast North
Island are archived at NIWA (L. Paul pers. comi8ipilarly, length frequency data is available from
the series of east coast North Island trawl suryieys 1993 to 1996 outlined in a previous section.
Otolith collections were made over all four surveyth up to four pairs collected per 1 cm size slas
per sex, although readings have only been undertakethe first survey sample € 284), and the
catch-at-age results do not appear to have beelisipeth. It is also likely that the age estimates
derived from this collection may have consideraieing error and would require re-ageing. Much
of the above data are presented in Longhurst (193&) & Tarring (1980), Kirk & Stevenson
(1996), Stevenson & Kirk (1996) and Stevenson (499, and may be useful for future SNA 2 stock
assessments.

Recreational fishing data

Recreational fishing surveys were undertaken in Qv 1993 (project CEN93) and 2000 (project
NATO1), and the raw catch data exists within Rexdatabase. Although the main purpose of these
surveys was to determine mean fish weight, the riigasurements can be used to generate length
frequency distributions. A similar survey (proj&tfF2011/03) is currently underway in the 2011-12
fishing year.
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Appendix 1: Large old snapper (i.e., over 65 cm, ggoximately 5.5 kg) were not uncommon in bottom
trawl landings from Hawke Bay, despite low selectity for fish of this size for this fishing method.
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Appendix 2a: Estimates of proportion at age with cv.s for snapper sampled year-round from

the SNA 2 and subarea strata bottom trawm fisheriesn 2007-08.

P.j., proportion of fish in age clas<;v., coefficient of variation

Bottom trawl
Age Northern subarea Southern subarea SNA 2
(years) P.j. C.v. P.j. C.v. P.j. C.v.
1 0.0000 0.00 0.0000 0.00 0.0000 0.00
2 0.0015 1.31 0.0000 0.00 0.0011 131
3 0.0629 0.53 0.1046 0.63 0.0727 0.40
4 0.0699 0.30 0.0597 0.35 0.0675 0.24
5 0.2456 0.13 0.5104 0.18 0.3079 0.11
6 0.1488 0.17 0.0199 0.58 0.1185 0.16
7 0.1253 0.17 0.1301 0.26 0.1265 0.14
8 0.1225 0.16 0.0210 0.72 0.0986 0.16
9 0.1484 0.19 0.0574 0.36 0.1270 0.17
10 0.0212 0.41 0.0263 0.46 0.0224 0.32
11 0.0054 0.68 0.0099 0.79 0.0064 0.52
12 0.0140 0.55 0.0079 1.01 0.0126 0.48
13 0.0142 0.58 0.0012 1.46 0.0111 0.56
14 0.0019 1.29 0.0000 0.00 0.0014 1.29
15 0.0036 0.83 0.0022 1.37 0.0033 0.71
16 0.0021 1.33 0.0000 0.00 0.0016 1.33
17 0.0038 0.82 0.0110 0.70 0.0055 0.53
18 0.0000 0.00 0.0096 0.76 0.0023 0.73
19 0.0000 0.00 0.0000 0.00 0.0000 0.00
>19 0.0090 0.61 0.0288 0.46 0.0136 0.38
n 710 350 1060

Appendix 2b: Estimates of proportion at age with cv.s for snapper sampled year-round from

the SNA 2 and subarea strata bottom trawm fisheriesn 2008-09.

P.j., proportion of fish in age clas<;v., coefficient of variation

Bottom trawl
Age Northern subarea Southern subarea SNA 2
(years) P.j. C.v. P.j. C.v. P.j. C.v.
1 0.0000 0.00 0.0000 0.00 0.0000 0.00
2 0.0000 0.00 0.0000 0.00 0.0000 0.00
3 0.0218 0.45 0.0484 0.78 0.0289 0.44
4 0.0981 0.22 0.2533 0.16 0.1395 0.14
5 0.0706 0.25 0.0535 0.31 0.0660 0.20
6 0.2469 0.12 0.2948 0.12 0.2597 0.09
7 0.1414 0.16 0.0191 0.39 0.1087 0.16
8 0.1020 0.21 0.1590 0.15 0.1172 0.15
9 0.1233 0.15 0.0333 0.28 0.0992 0.14
10 0.1224 0.19 0.0514 0.31 0.1034 0.17
11 0.0366 0.31 0.0259 0.36 0.0338 0.25
12 0.0068 0.58 0.0000 0.00 0.0050 0.57
13 0.0086 0.58 0.0031 0.83 0.0071 0.53
14 0.0059 0.65 0.0007 151 0.0045 0.63
15 0.0000 0.00 0.0003 141 0.0001 1.40
16 0.0009 141 0.0000 0.00 0.0007 1.40
17 0.0000 0.00 0.0000 0.00 0.0000 0.00
18 0.0014 1.43 0.0061 0.65 0.0027 0.66
19 0.0013 1.34 0.0192 0.37 0.0060 0.36
>19 0.0121 0.52 0.0320 0.50 0.0174 0.35
n 600 650 1250
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Appendix 3a: Estimates of proportion at length (for read otolihs) with c. v.s for snapper samplec
year-round from the SNA 2 and subarea strata bottomrawl fisheries in 2007—-0¢

P.i., proportion of fish in length clas c.v., coefficient of variatio

Bottom traw
Lengtlt  Northern subare  Southern subar SNA 2
(cm) P.i. C.V. P.i. C.V. P.i. C.V.
20 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
21 0.000( 0.0C 0.000( 0.0c 0.000( 0.0C
22 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
23 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
24 0.000( 0.0C 0.000( 0.0c 0.000( 0.0C
25 0.001¢t 1.37 0.000( 0.0C 0.001: 1.37
26 0.013: 0.54 0.008( 0.8¢ 0.012( 0.47
27 0.039¢ 0.4z 0.006¢ 0.94 0.032( 0.41
28 0.086¢ 0.31 0.011¢ 0.7¢ 0.069¢ 0.31
29 0.099: 0.21 0.047¢ 0.4t 0.087: 0.1¢
30 0.106( 0.1¢ 0.051¢ 0.41 0.093¢ 0.1¢
31 0.095¢ 0.21 0.050( 0.4C 0.085¢ 0.2C
32 0.070¢ 0.2¢€ 0.060¢ 0.4¢ 0.068¢ 0.2t
33 0.058¢ 0.2t 0.039( 0.3: 0.054¢ 0.2z
34 0.054: 0.2¢ 0.0957 0.34 0.063¢ 0.22
35 0.0501 0.27 0.086¢ 0.2t 0.058: 0.2C
36 0.057¢ 0.24 0.094¢ 0.3C 0.065¢ 0.1¢
37 0.055¢ 0.2t 0.052¢ 0.3¢ 0.054¢ 0.2C
38 0.044¢ 0.31 0.059( 0.3C 0.048: 0.24
39 0.025: 0.3¢ 0.055( 0.34 0.031¢ 0.27
40 0.041: 0.3: 0.047:¢ 0.37 0.0427 0.2¢€
41 0.025: 0.3¢ 0.023: 0.51 0.024¢ 0.31
42 0.0101 0.5€ 0.028¢ 0.4¢€ 0.014: 0.37
43 0.014¢ 0.5Z 0.010¢( 0.7¢ 0.013¢ 0.4t
44 0.011¢ 0.52 0.034: 0.4C 0.017( 0.3:
45 0.007¢ 0.5¢ 0.014¢ 0.5¢ 0.009¢ 0.4z
46 0.006: 0.77 0.007: 0.8: 0.006¢ 0.6C
47 0.003¢ 1.0C 0.012¢ 0.6¢ 0.005¢ 0.5¢
48 0.002: 0.9z 0.012: 0.7z 0.004¢ 0.57
49 0.003¢ 0.9z 0.008¢ 0.67 0.004¢ 0.6C
50 0.002¢ 0.9¢ 0.006( 0.91 0.003¢ 0.6¢
51 0.000¢ 1.44 0.003: 1.0¢ 0.001: 0.84
52 0.003: 1.0¢ 0.004¢ 1.1t 0.003¢ 0.84
53 0.000(¢ 0.0C 0.0031 1.3¢ 0.000¢ 1.34
54 0.000( 0.0C 0.004¢ 1.21 0.001( 1.1¢€
55 0.000(¢ 0.0C 0.004¢ 1.1¢ 0.001( 1.11
56 0.000(¢ 0.0C 0.000( 0.0C 0.000( 0.0C
57 0.000( 0.0C 0.002¢ 1.0¢ 0.000¢ 1.0z
58 0.0021 1.2¢ 0.009: 0.67 0.004: 0.6¢
59 0.000(¢ 0.0C 0.000( 0.0C 0.000( 0.0C
60 0.000( 0.0C 0.003: 1.1¢ 0.000: 1.1t
61 0.000(¢ 0.0C 0.002: 1.3¢ 0.000¢ 1.34
62 0.000(¢ 0.0C 0.001¢ 1.41 0.000: 1.37
63 0.004¢ 0.8¢ 0.001¢ 1.4z 0.003¢ 0.8C
64 0.000(¢ 0.0C 0.000( 0.0C 0.000( 0.0C
65 0.000(¢ 0.0C 0.005: 0.9¢ 0.001: 0.9t
66 0.000( 0.0C 0.005: 0.9¢ 0.001: 0.91
67 0.000(¢ 0.0C 0.004¢ 0.94 0.001: 0.92
68 0.000(¢ 0.0C 0.001: 1.4t 0.000: 1.42
69 0.000( 0.0C 0.007¢ 1.07 0.001: 1.0¢
70 0.000( 0.0C 0.001¢ 1.3¢ 0.000: 1.3t
71 0.000( 0.0C 0.002: 1.2¢ 0.000¢ 1.2¢
72 0.000( 0.0C 0.001: 1.5z 0.000: 1.5C
73 0.000( 0.0C 0.001¢ 1.3¢ 0.000: 1.34
74 0.000(¢ 0.0C 0.000( 0.0cC 0.000( 0.0C
75 0.000( 0.0C 0.000( 0.0c 0.000( 0.0C
76 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
77 0.000( 0.0C 0.004¢ 1.07 0.001: 1.04
78 0.000( 0.0C 0.000( 0.0c 0.000( 0.0C
79 0.000(¢ 0.0C 0.000( 0.0C 0.000( 0.0C
80 0.000(¢ 0.0C 0.000( 0.0C 0.000( 0.0C
n 71C 35C 1 06(
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Appendix 3b: Estimates of proportion at length (for read otolths) with c. v.s for snapper samplec

year-round from the SNA 2 and subarea strata bottomrawl fisheries in 2008—0¢

P.i., proportion of fish in length clas c.v., coefficient of variatio

Bottom traw

Lengtt  Northern subare  Southern subar SNA 2
(cm) P.i. C.V. P.i. C.V. P.i. C.V.
20 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
21 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
22 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
23 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
24 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
25 0.003: 1.27 0.000( 0.0C 0.002¢ 1.27
26 0.001¢ 1.45 0.005¢ 1.1¢ 0.0027 0.91
27 0.008¢ 0.77 0.021: 0.61 0.012: 0.51
28 0.0347 0.4C 0.026: 0.64 0.032¢ 0.3¢
29 0.049] 0.2¢ 0.024¢ 0.4¢ 0.042¢ 0.2¢
30 0.070¢ 0.24 0.049¢ 0.32 0.065! 0.2C
31 0.076¢ 0.2Z 0.051¢ 0.2t 0.070¢ 0.1¢
32 0.072: 0.2z2 0.047¢ 0.3t 0.065¢ 0.1¢
33 0.095¢ 0.2C 0.043( 0.37 0.081¢ 0.1¢
34 0.088: 0.1¢€ 0.043¢ 0.3 0.076" 0.1€
35 0.064¢ 0.2z2 0.037: 0.3¢€ 0.057¢ 0.1¢
36 0.068¢ 0.2C 0.034" 0.3C 0.059¢ 0.1¢€
37 0.087¢ 0.2C 0.043¢ 0.2€ 0.076: 0.17
38 0.055¢ 0.2 0.058: 0.2€ 0.056¢ 0.1¢€
39 0.057¢ 0.27 0.048:¢ 0.3C 0.055: 0.22
40 0.044¢ 0.3C 0.047: 0.2¢ 0.045: 0.23
41 0.035¢ 0.31 0.052¢ 0.2: 0.039¢ 0.22
42 0.0171 0.41 0.051: 0.2t 0.026( 0.24
43 0.013¢ 0.54 0.032: 0.2¢ 0.018: 0.3
44 0.008: 0.57 0.037( 0.27 0.015¢ 0.27
45 0.011: 0.4¢ 0.028: 0.31 0.0157 0.3C
46 0.0071 0.6C 0.045¢ 0.2€ 0.017: 0.2¢
47 0.002¢ 0.9t 0.011: 0.5C 0.005!: 0.4¢
48 0.004¢ 0.7t 0.0227 0.3¢€ 0.009: 0.3¢
49 0.000:" 1.3¢€ 0.017¢ 0.4¢ 0.005: 0.4¢€
50 0.006 0.77 0.017¢ 0.41 0.009¢ 0.44
51 0.000¢ 1.32 0.011: 0.6 0.003: 0.54
52 0.000( 0.0C 0.006: 0.6 0.001¢ 0.5¢
53 0.000( 0.0C 0.007¢ 0.7z 0.002: 0.7:
54 0.000( 0.0C 0.006¢ 0.7t 0.001¢ 0.74
55 0.000( 0.0C 0.007: 0.67 0.001¢ 0.6¢€
56 0.001: 1.24 0.003¢ 0.84 0.002: 0.7¢
57 0.000¢ 1.37 0.004¢ 0.84 0.001¢ 0.7:
58 0.000( 0.0C 0.005: 0.9C 0.001¢ 0.91
59 0.001¢ 1.3¢ 0.000: 1.4¢ 0.001: 1.2¢
60 0.0011 1.41 0.001: 1.1¢C 0.001: 1.0z
61 0.0021 1.34 0.003" 0.8t 0.002¢ 0.87
62 0.002¢ 1.1C 0.002¢ 0.8¢ 0.002¢ 0.8:
63 0.000( 0.0C 0.003t 0.94 0.000¢ 0.9C
64 0.000(¢ 0.0C 0.005: 0.67 0.001: 0.64
65 0.000¢ 1.3C 0.003¢ 0.84 0.001: 0.6¢
66 0.000( 0.0C 0.005" 1.01 0.001¢ 0.9¢
67 0.001: 1.3¢€ 0.006: 0.7¢ 0.002¢ 0.6¢
68 0.000( 0.0C 0.003( 0.84 0.000¢ 0.8C
69 0.000( 0.0C 0.001¢ 1.17% 0.000¢ 1.1z
70 0.000( 0.0C 0.003" 0.8¢€ 0.001( 0.8
71 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
72 0.000( 0.0C 0.001¢ 1.02 0.000¢ 1.0C
73 0.000( 0.0C 0.000¢ 1.4t 0.000: 1.44
74 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
75 0.000( 0.0C 0.002: 1.01 0.000¢ 0.97
76 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
77 0.000( 0.0C 0.001¢ 1.31% 0.000¢ 1.3
78 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
79 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
80 0.000: 1.3¢€ 0.000( 0.0C 0.000¢ 1.3¢€
n 60C 65C 1 25C
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Appendix 3c: Estimates of proportion at length (all otoliths ollected) with c. v.s for snapper sample
year-round from the SNA 2 and subarea strata bottonirawl fisheries in 2007-0¢

P.i., proportion of fish in length clas c.v., coefficient of variatio

Bottom traw
Lengtt  Northern subare  Southern subar SNA 2
(cm) P.I. C.V. P.i. C.V. P.I. C.V.
20 0.000( 0.0C 0.000( 0.0cC 0.000( 0.0C
21 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
22 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
23 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
24 0.000¢ 1.44 0.000( 0.0C 0.000: 1.44
25 0.004( 0.4¢ 0.000( 0.0C 0.003: 0.4¢
26 0.0181 0.3z 0.008( 0.8¢ 0.015¢ 0.3C
27 0.037¢ 0.1€ 0.006¢ 1.01 0.030¢ 0.1¢€
28 0.061¢ 0.1€ 0.011¢ 0.81 0.050¢ 0.17
29 0.096¢ 0.1z 0.047¢ 0.47 0.085 0.1z
30 0.102¢ 0.11 0.051¢ 0.4z 0.091¢ 0.11
31 0.0971 0.1z 0.050( 0.41 0.086¢ 0.1Z
32 0.0731 0.14 0.060¢ 0.47 0.070: 0.14
33 0.063! 0.1z 0.039( 0.34 0.0571 0.1Z
34 0.0641 0.14 0.0957 0.34 0.071: 0.14
35 0.058¢ 0.1 0.086¢ 0.2t 0.065: 0.1z
36 0.052¢ 0.1z 0.094¢ 0.3C 0.062: 0.14
37 0.055: 0.1z 0.052¢ 0.31 0.054¢ 0.12
38 0.047: 0.1¢ 0.059( 0.3C 0.050: 0.1¢€
39 0.029: 0.2z 0.055( 0.34 0.035( 0.1¢
40 0.040( 0.2z 0.047: 0.3¢ 0.0411 0.1¢
41 0.024¢ 0.2t 0.023: 0.5C 0.024¢ 0.21
42 0.014: 0.31 0.028¢ 0.4¢ 0.017¢ 0.2¢€
43 0.0131 0.3C 0.010( 0.67 0.012¢ 0.27
44 0.009( 0.3t 0.034: 0.41 0.0147 0.27
45 0.007¢ 0.3¢ 0.014¢ 0.5¢ 0.009: 0.3:
46 0.005: 0.4z 0.007: 0.8t 0.006( 0.3¢
a7 0.004¢ 0.57 0.012¢ 0.7z 0.006¢ 0.4t
48 0.003( 0.5€ 0.012: 0.74 0.005! 0.47
49 0.002: 0.6€ 0.008¢ 0.71 0.003: 0.4¢
50 0.002¢ 0.7z 0.006( 0.9¢ 0.003: 0.57
51 0.001: 0.81 0.003: 1.11 0.001¢ 0.6t
52 0.0011 0.77 0.004¢ 1.2Z 0.001¢ 0.7:
53 0.001( 1.04 0.0031 1.42 0.001¢ 0.8¢
54 0.001( 0.9z 0.004¢ 1.2¢ 0.001¢ 0.7¢
55 0.000¢ 1.4¢€ 0.004¢ 1.17 0.001: 0.9¢
56 0.000: 1.2t 0.000( 0.0c 0.000: 1.2
57 0.000: 1.37 0.002¢ 1.07 0.001: 0.8z
58 0.001¢ 0.8z 0.009: 0.6¢ 0.003: 0.5:
59 0.0001 1.4C 0.000( 0.0c 0.000( 1.4C
60 0.000¢ 1.3€ 0.003: 1.2t 0.001¢ 0.8¢
61 0.000¢ 1.4 0.002: 1.3¢ 0.000: 1.04
62 0.000( 0.0C 0.001¢ 1.37 0.000: 1.3¢
63 0.001: 0.8: 0.001¢ 1.41 0.001: 0.71
64 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
65 0.000¢ 1.04 0.005! 0.9¢ 0.001¢ 0.7¢€
66 0.000(¢ 0.0C 0.005: 0.94 0.001: 0.8¢
67 0.000(¢ 0.0C 0.004¢ 0.9¢ 0.001: 0.9t
68 0.000( 0.0C 0.001: 1.4C 0.000: 1.3¢€
69 0.000( 0.0C 0.007¢ 1.0z 0.001: 1.0z
70 0.000( 0.0C 0.001¢ 1.37 0.000: 1.3
71 0.000¢ 1.4 0.002: 1.4% 0.000: 1.1C
72 0.000( 0.0C 0.001: 1.3¢ 0.000: 1.3¢€
73 0.000( 0.0C 0.001¢ 1.3¢ 0.000: 1.3¢
74 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
75 0.000( 0.0C 0.000( 0.0C 0.000( 0.0C
76 0.000(¢ 0.0C 0.000( 0.0cC 0.000( 0.0C
77 0.000(¢ 0.0C 0.004¢ 1.1c 0.001: 1.07
78 0.000(¢ 0.0C 0.000( 0.0cC 0.000( 0.0C
79 0.000(¢ 0.0C 0.000( 0.0cC 0.000( 0.0C
80 0.000(¢ 0.0C 0.000( 0.0c 0.000( 0.0C
n 3197 35C 3 543
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Appendix 3d: Estimates of proportion at length (all otoliths ®llected) with c. v.s for snapper sampl

year-round from the SNA 2 and subarea strata bottonirawl fisheries in 2008—0¢

Lengtr
(cm)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

P.i., proportion of fish in length clas c.v., coefficient of variatio

Bottom traw

Northern subare Southern subar: SNA 2

P.i. C.V. P.1. C.V. P.1. C.V.
0.000( 0.0C 0.000( 0.0C 0.000¢( 0.0C
0.000( 0.0C 0.000( 0.0cC 0.000¢( 0.0C
0.000( 0.0C 0.000( 0.0c 0.000¢( 0.0C
0.000( 0.0c 0.000( 0.0cC 0.000¢( 0.0C
0.000( 0.0C 0.000( 0.0cC 0.000¢( 0.0C
0.001¢ 1.0¢ 0.000( 0.0c 0.001: 1.0¢
0.002: 0.6t 0.006: 1.1¢ 0.003: 0.6z
0.015¢( 0.3¢ 0.021( 0.6t 0.016¢ 0.31
0.025¢ 0.31 0.026: 0.6¢ 0.025¢ 0.2¢
0.0481 0.1¢ 0.024¢ 0.4¢ 0.042( 0.1¢
0.0611 0.1¢ 0.049: 0.31 0.058( 0.14
0.062¢ 0.1¢ 0.050: 0.2t 0.059: 0.1z
0.087: 0.14 0.047¢ 0.3¢4 0.076¢ 0.1<
0.081¢ 0.1¢ 0.044¢ 0.3t 0.072( 0.1z
0.100:z 0.1z 0.044: 0.3 0.085¢ 0.11
0.0741( 0.14 0.038" 0.3¢4 0.062¢ 0.1<
0.072¢ 0.11 0.032: 0.2¢ 0.061¢ 0.1C
0.072¢ 0.1z 0.044" 0.2t 0.065¢ 0.1z
0.0561 0.1¢ 0.057" 0.2¢ 0.056¢ 0.1z
0.062¢ 0.1¢ 0.051" 0.2¢ 0.059¢ 0.1¢
0.043( 0.2C 0.047: 0.2¢ 0.044: 0.17
0.035¢ 0.2z 0.051: 0.2: 0.039¢ 0.1¢
0.0231 0.2¢ 0.050¢ 0.2t 0.030¢ 0.1¢
0.019: 0.27 0.032: 0.27 0.022¢ 0.2C
0.015: 0.3z 0.035¢ 0.2¢ 0.020¢ 0.21
0.010: 0.3¢ 0.028¢ 0.2¢ 0.015: 0.2z
0.005¢ 0.44 0.047: 0.2t 0.016¢ 0.2z
0.003¢ 0.4z 0.011¢ 0.47 0.006( 0.31
0.004¢ 0.4¢ 0.022¢ 0.3¢4 0.009: 0.2¢
0.002( 0.62 0.018¢ 0.4t 0.006¢ 0.3¢
0.004¢ 0.5¢ 0.018: 0.4C 0.008¢ 0.34
0.0011 0.9z 0.010: 0.6¢€ 0.003¢ 0.5z
0.000¢ 0.77 0.006( 0.67 0.002: 0.47
0.000: 1.3¢€ 0.008¢ 0.6t 0.002: 0.6z
0.001: 0.7z 0.006" 0.7¢4 0.0027 0.5t
0.001: 0.74 0.007: 0.6¢€ 0.002¢ 0.5C
0.001( 0.84 0.004 0.77 0.001¢ 0.5¢
0.002( 0.7z 0.004¢ 0.87 0.002¢ 0.5t
0.000¢ 1.37 0.005: 0.9z 0.001" 0.7¢
0.001: 0.9¢ 0.000: 1.4¢ 0.001: 0.91
0.000¢ 1.07 0.001 0.8¢ 0.000¢ 0.6¢€
0.0011 0.8¢ 0.0037 0.8t 0.001¢ 0.61
0.000: 1.27 0.002( 0.9¢ 0.001: 0.81
0.000( 0.0C 0.003¢ 0.97 0.000¢ 0.9z
0.000( 0.0c 0.004: 0.7¢4 0.001: 0.7z
0.000: 1.1¢ 0.003¢ 0.8¢ 0.001: 0.74
0.000( 0.0C 0.005¢ 0.9z 0.001¢ 0.8¢
0.000( 0.0C 0.006( 0.7¢ 0.001¢ 0.7t
0.000( 0.0C 0.002¢ 0.91 0.000: 0.87
0.000( 0.0C 0.001¢ 1.14 0.000¢ 1.1C
0.000( 0.0C 0.003¢ 0.8 0.000¢ 0.81
0.000( 0.0C 0.000( 0.0c 0.000¢( 0.0c
0.000( 0.0C 0.001: 1.22 0.000: 1.1¢€
0.000( 0.0C 0.000¢ 1.4¢ 0.000: 1.4¢
0.000( 0.0C 0.000( 0.0c 0.000¢( 0.0c
0.000( 0.0C 0.002: 0.9¢ 0.000¢ 0.9¢
0.000( 0.0C 0.000( 0.0C 0.000¢( 0.0C
0.000( 0.0C 0.001¢ 1.3¢ 0.000¢ 1.3¢€
0.000( 0.0C 0.000( 0.0C 0.000¢( 0.0C
0.000( 0.0C 0.000( 0.0C 0.000¢( 0.0C
0.000: 1.3¢ 0.000( 0.0C 0.000: 1.3¢

2 661 79¢ 3 45¢
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Appendix 4a: Estimated mean weight-at-age (kg) and.v.s for snapper sampled year-round from

the SNA 2 and subarea strata bottom trawl fisheriegn 2007-08.

c.v., coefficient of variation

Bottom trawl

Age Northern subarea  Southern subarea SNA 2
(years) Mean C.V. Mean C.V. Mean C.V.
1 — — — — — —
2 0.36 1.02 - - 0.36 1.02
3 0.52 0.08 0.57 0.06 0.53 0.06
4 0.55 0.05 0.71 0.10 0.59 0.04
5 0.61 0.03 0.97 0.06 0.69 0.03
6 0.68 0.03 1.12 0.30 0.78 0.10
7 0.88 0.06 1.52 0.05 1.03 0.04
8 1.05 0.04 1.21 0.31 1.08 0.09
9 1.16 0.05 1.95 0.12 1.34 0.05
10 1.38 0.08 3.05 0.10 1.76 0.07
11 1.22 0.27 1.61 0.41 1.31 0.23
12 151 0.13 2.49 0.46 1.73 0.16
13 1.84 0.20 3.58 1.06 2.24 0.28
14 2.33 0.64 - - 2.33 0.64
15 2.07 0.41 4.33 1.01 2.58 0.40
16 4.74 0.99 - - 4.74 0.99
17 2.15 0.34 4.49 0.28 2.68 0.24
18 - - 4.96 0.27 4.96 0.29
19 - - - - - -
>19 2.83 0.26 6.58 0.08 3.68 0.16

Appendix 4b: Estimated mean weight-at-age (kg) and.v.s for snapper sampled year-round from

the SNA 2 and subarea strata bottom trawl fisheriegn 2008—-09.

c.v., coefficient of variatio

Bottom trawl

Age Northern subarea  Southern subarea SNA 2
(years) Mean C.V. Mean C.V. Mean C.V.
1 — — — — — —
2 — — — — — —
3 0.51 0.10 0.55 0.24 0.52 0.10
4 0.59 0.03 0.70 0.05 0.62 0.03
5 0.80 0.07 0.93 0.06 0.84 0.05
6 0.77 0.04 1.28 0.03 0.90 0.03
7 0.87 0.04 1.52 0.06 1.04 0.04
8 1.05 0.03 1.88 0.03 1.27 0.03
9 1.13 0.06 2.15 0.04 1.40 0.04
10 1.26 0.03 2.48 0.06 1.58 0.04
11 1.59 0.07 2.90 0.05 1.93 0.05
12 1.76 0.18 - - 1.76 0.19
13 1.82 0.26 2.95 0.43 2.11 0.23
14 2.02 0.23 5.17 1.04 2.84 0.37
15 - - 4.53 1.09 4.53 1.09
16 2.22 1.08 - - 2.22 1.08
17 - - - - - -
18 2.48 1.08 4.06 0.17 2.90 0.49
19 5.63 1.03 4.31 0.08 5.28 0.66
>19 4.24 0.17 5.94 0.05 4.69 0.12
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Appendix 5a: Estimated mean length-at-age (cm) andv.s for snapper sampled year-round from

the SNA 2 and subarea strata bottom trawl fisheriesn 2007-08.

c.v., coefficient of variation

Bottom trawl

Age Northern subarea  Southern subarea SNA 2
(years) Mean C.v. Mean C.v. Mean C.V.
1 — — — — — —

2 25.00 1.02 - - 25.00 1.02
3 28.42 0.03 29.44 0.05 28.65 0.06
4 29.05 0.02 31.83 0.04 29.68 0.04
5 30.09 0.01 35.56 0.02 31.32 0.03
6 31.36 0.01 36.97 0.19 32.63 0.10
7 34.17 0.02 41.74 0.02 35.88 0.04
8 36.44 0.02 38.44 0.26 36.89 0.09
9 37.85 0.02 45.48 0.04 39.57 0.05
10 40.33 0.03 53.44 0.04 43.29 0.07
11 38.27 0.17 42.73 0.37 39.28 0.23
12 41.55 0.08 49.85 0.45 43.43 0.16
13 44.74 0.16 57.00 1.06 47.51 0.28
14 48.86 0.64 - - 48.86 0.64
15 46.75 0.40 61.00 1.01 49.97 0.40
16 63.00 0.99 - - 63.00 0.99
17 47.30 0.31 61.65 0.26 50.54 0.24
18 - - 63.79 0.25 63.79 0.29
19 - - - - - -
>19 52.09 0.18 70.68 0.03 56.29 0.16

Appendix 5b: Estimated mean length-at-age (cm) and.v.s for snapper sampled year-round from

the SNA 2 and subarea strata bottom trawl fisheriesn 2008—-09.

c.v., coefficient of variation

Bottom trawl

Age Northern subarea  Southern subarea SNA 2
(years) Mean C.v. Mean C.v. Mean C.V.
1 — — — — — —

2 — — — — — —

3 28.22 0.04 29.01 0.23 28.43 0.10
4 29.88 0.01 31.62 0.02 30.33 0.03
5 33.11 0.03 35.10 0.02 33.63 0.05
6 32.67 0.01 39.28 0.01 34.40 0.03
7 34.24 0.01 41.89 0.02 36.24 0.04
8 36.66 0.01 45.13 0.01 38.87 0.03
9 37.41 0.02 47.40 0.02 40.02 0.04
10 39.10 0.01 49.73 0.02 41.88 0.04
11 42.40 0.02 52.70 0.02 45.09 0.05
12 44.02 0.15 - - 44.02 0.19
13 44.40 0.20 52.95 0.41 46.63 0.23
14 46.31 0.21 65.00 1.04 51.20 0.37
15 - - 62.00 1.09 62.00 1.09
16 48.00 1.08 - - 48.00 1.08
17 - - - - - -
18 50.00 1.08 59.49 0.15 52.48 0.49
19 67.00 1.03 60.71 0.03 65.36 0.66
>19 59.96 0.06 68.09 0.02 62.08 0.12

42 » SNA 2 length and age 07-08 and 08-09

Ministry for Primary Industries



Appendix 6: von Bertalanffy growth curves and scattrplots of age-length data for snapper sampled from
the SNA 2 subarea bottom trawl fisheries in (a) 2086-08 and (b) 2008—09 (Noten, sample size). Age is
decimalised as of the month of collection relativio an assumed January 1 “birthdate”.
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Appendix 7: Summary of large-scale external tag-reapture experiments undertaken on the east coast dlew Zealand indicating the number of recaptured
shapper that had migrated to the SNA 2 stock.

Period of Principal Number ol Numberoi Statistica Statistica

tag release purpose fo Stock anc taggec recapture: area area Information
programme research (substock) localities Externaltag type releases in SNA 2 released recovered Research organisation source
1954-1963 Movement SNA 1 (East Northlanc Pig ring, 7366 1(0.01%) 008 013 NZ Marine Department  Paul (1967)

Hauraki Gulf, Bay of Plenty operculum strag
SNA 2 (East Coast) Petersen disc

1974-1977 Movement SNA 1 (East Northlanc Spaghett 15215 0 NZ Ministry of  Crosslanc
Hauraki Gulf, Bay of Plenty)lock-on, anchol Agriculture anc (1976, 1982)

dart) Fisheries
1983 Biomass SNA 1 (Bay of Plenty) Spaghett 8448 Unknown Unknown Unknown NZ Ministry of Unpublishec
(lock-on) Agriculture anc data

Fisheries
1984 Biomass SNA 1 (East Northlanc Spaghett ~20000 7(0.04%) Unknown 2 from 011 NZ Ministry of Unpublishec
Hauraki Gulf) (lock-on) 3 from 01z Agriculture anc data

2 from 013 Fisheries
2008 Ecological SNA 1 (Hauraki Gulf) Spaghett ~10000 1 (0.01%) 007 012 National Institute o Unpublishec
(dart) Water and Atmospher data

Research
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