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I, Jonathan Clive Holdsworth, of Whangarei, fisheries consultant and
scientist, swear:

Purpose

1. I have the qualifications and experience set out in my affidavit of 26
August 2005. I acknowledge that I have read the code of conduct
for expert witnesses in the High Court Rules and agree to comply
with it.

2. The purpose of this affidavit is to comment on aspects of the
evidence of the third respondents particularly in relation to
statements as to:

• decline in abundance of kahawai stocks; and

• any requirement for constraint on the recreational catch.

3. I also address two matters raised by the Minister in relation to:

• New information presented to the Minister in 2005; and

• The Minister's consideration of the Hauraki Gulf in 2005.

The Minister's Affidavit - New Information in 2005

4. At paragraph 54, the Minister refers to the Ministry having provided
a briefing outlining new information gathered since decisions in
2004.1 Some of this "new information" includes data on the length,
age and catch rates of kahawai from recreational fishers
interviewed at boat ramps in east Northland, the Bay of Plenty, and
the Hauraki Gulf. These surveys have been conducted annually
since 20002. The basic interview format is the same as used in
1991,1994 and 19963.

5. In relation to the Minister's 2005 decisions the "new" information
from the ongoing kahawai boat ramp surveys by N1WA, led by Mr
Bruce Hartill, was the 2003-04 results showing fewer kahawai

Referenced at pages 636-641 of exhibit VW1 to affidavit of Vaughan Wilkinson
Results from this ongoing research has been previously repotted as Hartill et at. (2003) Length and age compositions
of recreational landings of kahawai in fCAH 1 in 2000-01 and 2001-02. Hartill et at. (2004) Monitoring length and
age compositions of recreational landings of kahawai in KAH 1 in 2000-01 and 2001-02 and 2002-03.

3 The older boat ramp survey information, going back to 1991,1994 and 1996 data has been available in published
form for sometime and is reported in publications authored by NIWA scientist Dr Elizabeth Bradford, see for
example her 1999 report Comparison of marine recreational harvest rates and fish size distributions.
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encountered during the survey in the Hauraki Gulf, despite far more
intensive sampling that season.4

6. There were also preliminary results available from a separate
research project using a different method of estimating recreational
harvest than was used in the previous telephone and diary surveys.
The result of the new harvest survey using the aerial overflight
method is of interest, but direct comparisons to telephone diary
survey estimates need to be treated with some caution in my view.
This is because the two methods are based of different data
collection methods and a completely different set of assumptions.
However, as I have stated above, since 1991, all boat ramp surveys
have adopted the same interview format. In my opinion, the low
number of kahawai caught per fishing trip and the changes in this
recreational catch per unit effort (CPUE) in the Hauraki Gulf are
significant, as the Minister recognises in 2005. The data come from
NIWA observers on boat ramps who inspect and measure the catch
using the same interview method from year to year. The results
from the boat ramp surveys are not dependant upon a large number
of assumptions, scaling and associated uncertainties which affect
surveys of total recreational harvest. One limitation however in
interpreting this CPUE/ catch rate data from the boat ramp surveys
is that there is no comparable information that pre-dates the
expansion of the purse seine fleet and high annual commercial
landings in the 1980s.

7. CPUE is very useful in fisheries management and stock
assessment. If collected in a consistent manner trends over time
potentially show changes in availability and abundance in a fish
stock in an area. Differences in abundance between areas can be
compared and in the case of recreational fishers, catch rates can
indicate fishing success.

8. Low recreational kahawai catch per boat trip in the Hauraki Gulf
was also described as "new information" in the advice to the
Minister in Figure 3 of the IPP 20055, even though the information

This information is reported in Hartill et at. (2006) Length and age compositions of recreational landings of kahawai in
KAH 1 January to April 2004 (presented as a draft to the Pelagic Fishers Assessment Working Group in April 2005)
5 From Sullivan et at (2005) Report of the Fishery Assessment Plenary, Mary 2005: stock assessments and yield
estimates.
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on low catch rates, especially in the Hauraki Gulf have been
available to the Ministry for many years commencing in 1991.

9. Catch per boat trip, is quite a crude measure of CPUE. This is
because the number of people fishing, the target species and the
time spent fishing will vary and may be different across areas or
time. It is preferable to split the CPUE by target species and report
the average number of fish caught per fisher per hour. Data from
the earlier 1996 boat ramp surveys has been summarised in this
way for northern areas and compared with 1991,1994 and 1996
survey data by Dr Elizabeth Bradford.6 This includes information
concerning the west coast of the North Island, called KAH 9 in the
report and now called KAH 8. Recreational catch rates in this area
are reasonable, (as I noted at paragraph 23.52 of my earlier
affidavit) and recreational fishers there have not expressed
dissatisfaction, something noted by the Minister (his paragraph 86).

10. Poor recreational catch rates are a key issue driving the
dissatisfaction with previous and current kahawai management in
many areas. Given that good quality survey information on
recreational kahawai CPUE exists, particularly in northern New
Zealand from the boat ramp surveys commencing in 1991, it is
reasonable in my view to expect that the Ministry would describe
recreational catch rates by area in some detail and apply this
information when advising the Minister to assess the fishery in
individual QMA's. The Minister lists (at his para 107.2) the factors
that he could take into account when reviewing the TACs. He
makes no express mention of the data collected of recreational
CPUE by the boat ramp surveys.

11. So that there are available copies of the relevant boat ramp survey
reports to which I have referred in this affidavit and my earlier
affidavit, I attach as exhibits A, B and C respectively the following
reports:

a. Bradford (1999) Comparison of marine recreational fishing
harvest rates and fish size distributions

b. Hartill et a/. (2003) Length and age compositions of recreational
landings of kahawai in KAH 1 in 2000-01 and 2001-02;

6 Bradford (1999) Comparison of marine recreational fishing harvest rates and fish size distributions.

495734_1fcak



c. Hartill et a/. (2006) Length and age compositions of recreational
landings of kahawai in KAH 1 January to April 2004: and

The Minister's Affidavit - Hauraki Gulf

12. In the 2005 FAR the Minister was provided with more detailed
information concerning the Hauraki Gulf than the Minister was
provided with in 2004. The advice concluded that area constraints
within the Hauraki Gulf were unlikely to be effective (see paragraph
59, affidavit of the Minister). At paragraph 243 of the 2005 FAP
MFish advised the Minister:

243 As mentioned in the IPP at paragraph 104 k, you are required
under s ll(2)(c) of the Act to consider how the proposals for
KAH 1 meet the requirements of section 7 and 8 of the Hauraki
Gulf Marine Park Act 2000. This Act's objectives are to protect
and maintain the natural resources of the Hauraki Gulf as a
matter of national importance. MFish considers that, under both
options, the management measures for KAH 1 will meet the
purpose of the Hauraki Gulf Marine Park Act, however, Option 2
will provide a more certain position in this regard.

13. In terms of providing a more certain position, I agree that fish
movement of mobile species such as kahawai is likely to mean that
biomass levels outside the Marine Park will be a factor relevant to
fish abundance within the Marine Park. Whether adopting a uniform
national response of a 10% reduction for an area of national
significance, which currently has a very poor recreational kahawai
fishery is adequate, may be queried.

14. I observe that the information presented to the Minister in relation to
the Hauraki Gulf in 2005 related to areas within the inner and outer
Hauraki Gulf, which is not synonymous with the geographic
boundaries of the Hauraki Gulf Marine Park, which extends into the
western Bay of Plenty along the eastern side of the Coromandel
Peninsula. This latter area is fished by purse seine vessels, and is
in relatively close proximity to their home port of Tauranga.
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Decline in Abundance: Starr / Winstanley / Murray / Reid

15. Paul Starr states that available evidence on the status of kahawai
stocks is equivocal.7 He states this is largely because population
biomass estimates are hard to obtain and a key component of the
total catch is not available. I agree that much of the data for a full
stock assessment of kahawai is either lacking or uncertain including
a reliable measure of kahawai abundance. Therefore in my opinion
it is important to consider other sources of information, such as
recreational CPUE from boat ramp surveys and observations from
experienced recreational kahawai fishers in assessing the status of
kahawai stocks.

16. Paul Starr states a number of times that there is "no scientific

evidence of a decline in kahawai stocks".6 While he is correct that
there is no consistent and reliable method presently available to
determine the abundance of any of the kahawai stocks, there is
available information (see the appendix to my affidavit of 26 August
2005) to show low recreational kahawai catch rates and changes in
the size offish caught and the age structure of the population. This
information, which was available and known to the Ministry in 2004,
is consistent with the stock being fished down. In my opinion
kahawai abundance declined significantly in the late 1980s and
early 1990s. I base this on own personal observation, the
significant number of complaints I received while I working for the
Ministry of Agriculture and Fisheries irt their Whangarei district office
at that time, and from data collected by researchers prior to the
decline as described in my affidavit of 26 August 2005.

17. In my opinion the change in population structure is likely to have led
to a contraction in the distribution of kahawai, which are now much
less available in inshore waters than they used to be. The Hauraki
Gulf appears to have undergone a significant change, with NIWA
surveys showing almost no adult kahawai occurring in the
recreational catch in this area (as described in paragraph 23.22 of
my affidavit of 26 August 2005).

18. There is evidence that recreational catch rates have not improved
since 1991. The kahawai catch per trip in the Hauraki Gulf has

7 At para 63.5 of the affidavit of Paul Starr
8 See para xxx and elsewhere affidavit of Paul Starr
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been very low and declined further in recent years. This information
is described in paragraphs 23.13 to 23.32 of my affidavit dated 26
August 2005. Catch rates at the important traditional fishery at the
mouth of the Motu River also appear to have declined significantly
between 1982 and 1991.9 -

19. The fishing down of kahawai stock in KAH 1 is noted in other
evidence provided by the third respondents. The affidavits from the
purse seine skippers Murray and Reid state that stocks were
impacted prior to the introduction of purse seine limits, although it is
their impression that current stock levels have improved rapidly in
recent years.

20. Kevin Lawrence Murray, skipper of the purse seine vessel San
Columbia, states in his affidavit:

"/ consider that the abundance of kahawai has changed twice

since I have been fishing. Before the commercial limits were

introduced in 1990-1991, there was a decrease in the abundance

of kahawai as the stock was fished down - kahawai schools

became smaller and harder to find."

21. Peter George Reid, the skipper of the purse seine vessel Matariki

and Tawera II states in his affidavit:

"/ have noticed changes in abundance of kahawai over the years.

In the late 1980, when the catch of kahawai was unrestricted,

there was a noticeable decline in the abundance of large

kahawai schools over time."

22. These skippers also state that in their opinion they are encountering
more schools now than in the 1990s. In my opinion the information
on recreational catch rates and age structure of kahawai in KAH 1
from the boat ramp surveys is consistent with an overall decline in
abundance. This is consistent with a change in the distribution of
kahawai as the stock has been fished down. A change in the
distribution of kahawai at a lower biomass is not inconsistent with
observations that kahawai schools still aggregate in areas of prime
habitat, such as the western Bay of Plenty where these commercial

9 This information is reported in the Ministry's 2004 Plenary Report on kahawai (section 1 .b.).
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fishers usually operate. Other areas in KAH1 are observed to have
fewer kahawai.

23. As noted in the affidavits of Jeffery Romeril and Kim Walshe, it was
from the 1980's when the kahawai stock was heavily fished by
purse-seine vessels that recreational fishers started to express
strong concerns that recreational catch rates were declining.
Surveys to estimate recreational harvests and catch rates did not
start until 1991. A dedicated annual survey of the length and age
structure of recreational kahawai catch has only been operating
since 2000.

24. It is a general characteristic of all plausible fisheries stock
assessment models that the biomass of a fish stock declines from
its virgin level when subject to substantial fishing. The combined
commercial and non-commercial fisheries in KAH 1 have probably
caught at least two thousand tonnes per year for that last 30 years.
This means that it can be stated with certainty that the stock in this
area has declined, probably significantly, from its virgin biomass. At
issue is the effect of this decline in kahawai biomass (or
abundance) on amateur fishing interests and whether the stock size
is above or below BUSY in each QMA.

25. There are two potential impacts on recreational fishers resulting
from the development of a large unconstrained commercial kahawai
fishery in the 1970s and1980s. The first potential impact is that
recreational catch rates could be expected to decline as a result of
the fishing down of kahawai stocks from their (near) virgin biomass
to a much lower biomass. The affidavit by Jeffery Romeril details
the many submissions by the New Zealand Big Game Fishing
Council expressing concern about the large decline in recreational
kahawai catch rates and a reduction in the number of schools of
kahawai seen by recreational fishers. These observations of
recreational fishers are consistent with the fishing down of kahawai
stocks.

26. The second potential impact is that as recreational kahawai catch
rates and availability declined so did total recreational harvest. The
evidence of Ross Winstanley10 supported by Paul Starr11 states

10 Para 73.6 of affidavit of Ross Winstanley
" Para 61.3 of affidavit of Paul Starr
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that the failure to manage one sector of the fishery while restricting
the second inevitably leads to reallocation of catch from the first to
the second sector. There was no constraint on the purse seine
catch prior to 1991. Commercial catches increased rapidly after
kahawai was left out of the quota management system in 1986.
Purse seine catch limits were introduced in response to public
concerns about the state of kahawai stocks. As a result, a major
reallocation of kahawai in KAH1 away from recreational fishers to
the commercial sector took place in the 1980s when commercial
harvests were not controlled.

27. The Ministry of Fisheries' policy of adopting a proportional allocation
of the resource to different sectors based on recent catch history
using the 'claims based' allocation approach has cemented this
reallocation away from the recreational sector.

Need for Constraint on Recreational Catch: Starr / Wilkinson

28. Starr and Wilkinson say there is a need to further constrain the non-
commercial catch.12 There is a contradiction in these statements to
the effect that it is said that the non-commercial harvest estimates
are implausibly high (they say much higher than actual catch) and
at the same time, it is said that the Minister should act to ensure
that the non-commercial catch is constrained within the non-
commercial allowance.

29. Apart from the setting of TAC's neither Starr nor Wilkinson accept
the need for sustainability measures for kahawai in any QMA. The
concern appears to be the potential for reallocation away from the
commercial sector if the recreational catch is unconstrained.
Leaving aside the cause of the drop in abundance, the need to
constrain a sector to its allowance, (such as through reducing
recreational bag limits) will be more compelling where there is a
clear sustainability rationale, and the sector is likely to exceed the
allowances provided. However, I am not aware of any information
that would have suggested to the Minister that the non-commercial
catch (customary Maori and recreational) was likely to exceed the
reduced allowances made for those sectors in 2004 and 2005. The
available information on recreational catch rates does not indicate

See section F pages 22 and 23 and elsewhere affidavit of Paul Starr, and section F7 pages 50 to 54 and elsewhere
affidavit of Vaughan Wilkinson
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that there has been an unrestricted or rapid increase in recreational
harvests of kahawai in recent years that may threaten the
commercial catch.

30. There are also a number of other factors that act as practical
constraints on the recreational catch. These constraints include:

a. The fishing gear/technology employed by recreational
fishers is limited in scale. Most recreational fishers use a
rod and reel (or less frequently hand lines) with one or two
hooks. There are exceptions, for example where
recreational fishers use set-lines with multiple hooks.
Amateur fishing regulations restrict the amount of fishing
gear that recreational fishers are allowed to use. Fishing
with hand held lines limits the fishing effort that can be
expended by individual recreational fishers.

b. In my experience the amount of recreational fishing effort is
constrained by the amount of time people have available
and favourable weather conditions. Often the two do not
coincide.

c. Non-commercial fishers (as a group) do not modify their
fishing effort to ensure that the sector's "allowance" is
reached.

31. The Minister's decision in respect of bag limits was to await further
information. Any bag limit reductions would have no effect unless
they are set very low, and even then, they may be ineffectual.13 In
my view, and given these constraints on the recreational catch, the
Minister's decision not to introduce any further bag limit or other
restraints on recreational fishers was open to the Minister,
particularly given that there was no evidence that the recreational
sector's allowance was exceeded.

13 See my affidavit of 26 August 2005, paras 19.8 to 19.16, and the affidavit of Paul Starr, paragraphs 62.1 to 62.4
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Abstract
Bradford, E. 1999: Comparison of marine recreational fishing harvest rates and fish
size distributions. NIWA Technical Report 48.54 p.

Boat ramp surveys were carried out in the Ministry of fisheries Nor* region in 1991
SJ^ SSnce placed on the objectives and the timing othese surveys^
JS £?£S to difficulty in selecting comparable data. A further pr^

J5!5Ly??L^L*g^-to-th^Nortb^giort-is-so^rniwtediyAe.snappw

IStî SSSSS. an^^^^f^^^^^^}oter^Sef ^objective set by the Ministry of Rshenes leqand^coo^fe. of!
rates and size distributions for 20 main species.

The report starts with an overview of the 1996 harvest ratej
^cSe and why subsequent selections of data wer-fS

^SL^jL^^^^-^W^used. These estimators measure different quanndesag
will be used. Where there are sufficient data, *gK
collected during the day at weekends m March Wkfcfcd to
surveys.
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lawai
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Snapper harvest rates were general!;
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have dropped between 199/
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(set net), and tunas,
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for

I (longline and set net), flatfish and grey mullet .
N_ jlling) exist and for some of them, enough data

fusing all available data).

size exisrtfcr rock lobster, scallops, and green mussels and harvest
> No shellfish data were collected in 1991 and other than

«H* of animals may have been inconsistent The bag limits
appear to be limiting the harvest and perhaps causing high

V
estimated bycatch harvest rates of the snapper fishery were included for

*•
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^S e^wnS S obtain atotalSnnage estimate (given all the other errors involved
SlgtSSTeSaS). For many of the size distributions shown, the sample sjze was small
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Introduction
Three boat ramp surveys were carried out in the New Zealand fisheries management North
«Sbn in 1 991 1994, and 1996. For each survey, recreational fishers were interviewed at
£f?«™bvtrained survey interviewers at the end of their fishing trips. The mtemewers
iTSnl^fofTestions about number of fish of each species harvested methods
2d ^rgeTsptcies, location, and hours fished. The lengths of many of the fish that were
used, target bP~ ' _ oWectives of each survey were different and are outlined below.
^SS ŜtS«S«= (1»1 s^vey: Sy.v««er 1993=, 1993b; 1994

!±£M««ISE, I** »* ««r- a*"1« "'• '"g^ "fJT ""^S=s»^^fflfirts^-£^^Mr
ramp surveys".
The main objective of the 1991 survey was to obtain baseline data on
ha^eTrates (HPUE) from boat ramps throughout the North region. Most
^ortcttd at weekends. From Boxing Day 1990 to near die ~*
mowing was done at the main ramps in the Bay of IslandsJ. Tg>
^™rHnd inner Hauraki Gulf, Manukau Harbour, eastern CoOttfclUndwestern auu UIUM ».__— ,
Interviewing was infrequent in February < From March to June,
throughout the North region. During this second phase, lo^
regularly interviewed at two west Auckland localities (W
Plenty localities (Matata, Opotiki to Te Kaha). Sylvester
and the ramps used. ^

' involve
surfcas>
a)

• gave

The main objective of the 1994 boat ramp
diary survey of marine recreational fishers bei
'diary survey results might contain so«w-hia*!£
identification, and Inaccurate weight
on four main areas: Bay of Isl ~J

Coromandel. The interview s
region. Much interviewing (i
aerial-boat ramp survey A

Sylvester (1994a)
surveys that were
used.

•week)

i i n l i

k ofthe North region
kat that/4inn£4fwa$ suspected that the

ig, wrong species
survey concentrated

Harbour, and the eastern
to other areas of the North

?in the Hauraki Gulf as part of the
t tiraetSylvester & Cryer, unpubl. results),

^een the boat ramp, aerial, and diary
Sylvester (1994b) gave details of the ramps

The maui obi
lengths

Purvey was to obtain a representative sample of fish
throughout the North region over a one year period.

„ fish weights and hence to a mean weight of a species
^Fishstode. These mean weights were used to estimate the

,ests to the North region Ftshstocks using an estimate of the
uvuu**, from the 1996 national diary survey (Bradford 1998a). Most
in early January 1996, with heaviest sampling in the months to the
it sampling was conducted throughout the rest of the year. Midweek

^ jn 1996. The 50 ramps used in the North region and the number of
*a7each ramp were given by HartiU et aL (1998).

The harvest rates for 1996 are discussed in detail. Comparisons are made for snapper and
katewTusing restricted data so that all three surveys are comparably represented All
arable data from the three surveys were used for other species. For these other species data
are few and comparability less certain.



Size frequency data from 1991,1994, and 1996 are compared and mean lengths and weights
(where possible) are calculated. The different priorities for the three surveys mean that the
data are not necessarily strictly comparable. In 1991 and 1994, catch rate information was
collected in preference to length data and fa 1996 collection of length data was usually the
first priority. The size data for the less common species are sparse and may not be
representative of the fishery. The snapper and kahawai data are again treatedIfrpmore detail
than that for the other species. The 1996 length frequencies for the major spettogaf^ given by
Hartill et al. (1998) where further stratifications of the data were show{^M)aramarly fo
snapper and kahawai. Some other comparisons of the kahawai data wetegfi^hJtyBradfoi!
(unpubl. results, Final Research Report to the Ministry of Fisheries,/pMajt%AH9701)

Programme objective
This work was carried out under contract to the
recreational fisheries project (REC9702) and "
the-project for-199-7-98: -

• To compare fish size and catch rates
in the North region with results "

The recreational

c modelling
objective of

1996 boat ramp survey
1994.

rth region in 1996
The North region reereatlqi&l'̂ oat fish^rjMs^d^iinated by the snapper fishery. All other
target fisheries are sm7dQntt/iew hawCwnc!ent data to allow good estimation of harvest
rates. Thus therje^are^HSJaerable problems involved in selecting 20 species for which there
are adequate da^TO^neaning^^^^^son of harvest rates and size distributions. Rock
lobster, f«^exarnw<rtWerc not*rawjfced in 1991 and 1994, and flatfish and grey mullet were
not incluo^^^yl. Ij>roduceS^yeral tabulations of the 1996 harvest rate data by region,

the problem. Data from the earlier surveys differ in

the 1996 boat ramp survey in the North region in various ways to
; rates could be sensibly calculated. Detailed definitions of fishing

In the surveys and I have grouped these methods into a limited set for
1).

v

jntains fuRner'detentions used in this report and describes the quantities whfcrrarc
[ jn the harvest rate tables (see Tables 14 onwards). Scientific names for the species

^given in the section comparing size distributions (see Table 30). The harvest rates given
i this section (see Tables 8,10.11. and 13) are calculated as the total catch divided by the

'{otal number of hours fished, that is, are ratio-of-means estimates (H2 in Table 2).

The intention in the design of the 1996 boat ramp survey was to have the number of fishers
interviewed proportional to the expected fishing effort. The actual results may not be
proportional to fishing effort due to design modifications for cost reasons and unexpected
changes in fishing effort (possibly caused by weather). The results shown are for the
measurements made and may not represent the fishery.



A *is defined asa ashinga^j-si &^Ftaef5ratLHsj
fisher may have made """J^S^s^Tteliool of kahawai and changed his fishing
targeting snapper vnA a ba^l^wh^wa^es ^ ̂ ^ ^ ^ ̂ ^ ^
method to jiggmg « "^^^ a^ier boat were included in this analysis as^oTbrt^

5Mrjrjr=5S«S£*SSS^SiSS's.'snCitisisrs?•si i ss»> —£— <—••—• -»<were targeted only by methods using a net. />

^t^-^^ys2
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up

Tables 3-6 show the dominance of finfish in
detailed results for 10 in^ortant finfish (f1^
mackerel, kahawai, kingfish, snapper, taw
their catches and harvest rates by m
based methods, methods usually used^fo^heripfsh, a
Tables 9 and 10 show similar dat^by^r^pn. Only
large catch or a reasonable hanteslra.»<jriost harvest

lery and more
. John dory, jack
t. Tables 7 and 8 give

»u limited and all-shore
.__jods have been excluded,
cells in these tables show a
are frombycatch fisheries).

Tables 11 and 12 show
The numbers are
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fishery fcfr(thd

-1^ .
13 giv

^^ 10 finfish species by target species.
"wheiHbe^atfgM species matches the target species. Jack

jat these target trips were included in "Other
«»» for the few trips involved was very high). A

xwamsh, and grey mullet were caught in the target
jmparatively high harvest rates. The target kahawai

ut only 11.5% of the kahawai were caught in the target
rate for the 10 finfish species mdividually by target

ies

• shows that harvest rate can be well estimated for a few target
fater W trips made is reasonably large, and perhaps for some bycatch

22i *ri«x when year to year comparison* of data are to be made in that the
Anomc^blem ̂ r?^^ m ^J 1994, and 1996. The 1994 survey was
fishing e^ort was|«£3*£~^ j^e ^ surveying was heavily concentrated in the
conducted mainly ̂  J*^? ̂  was little sampling in February. May and Junerw*twnS^
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i~r.T*esamplingatw^^^^
t̂ ^cSKSSir£fd^rs.^)though it is daylight for several more hc^ in summer.

Estimation of harvest rates
Harvest rates for snapper and kahawai from the 1996 survey (Tables114

-^^^^^^^*^-0^^S-^e t̂f" repre^tedTall three years. Fb t̂her-spec^rexcept̂ awar.-**
surveyed to restrict the data.

The North region has been divided into diary zones
subdivided the diary zones into smaller fishing locations
the location. For each species, estimation of h^rvesf
practicable area of fishing activity. _

Harvest rates vary throughout the year and
caught during weekends and holidays -
weekends and holidays. The *"*
dominated by differences in
depend on the skill mix of fisl
the year. Cryer & McLean (!'
rate. Differences in harvest
skill mix of the fishery "~
fishing during the
summer (No

the fish were
f" is taken to mean

year may be. largely
ional fishery, but could

fishers fishing throughout
'of the skill of fishers on harvest

tys could arise from a different
fraction of more experienced fishers

rates for all the data available, for,
:, and for summer weekends and weekdays.

The harves
and, where

of the true mean harvest rate, defined in Table 2
,»_itica) definition in Appendix 1. Two methods of

„.„ used: the mean-of-ratios estimator, Hj, and the ratio-
,uyJ2lstirnate different quantities and usually have different

^estimator is often recommended in the literature (see, for
i when a measure of fisher satisfaction is required. When data are

wauility that is, at the end of a trip* then the sample estimator of Hj is
or of H, for the population (Jones et al. 1995). The estimator of Hj may

r*Q in the individual harvest rates particularly when short fishing trips with
, a*£££ 3E. variance may te'poody defined (Pollock et al 1997). The

wJsw^s^sttfr^^^Tl^mmoflow (zero) and high harvest rates. The ratio-of-means estimator is

TndTwC^t^lenoea wucn u estimator of H2 using sample data collected using equal
^™T*î  1995)'The
probability sar^^s Biased * ̂ ^ ^ ̂ .̂̂  approxiimtions of ̂  ^
variance formulae^ * ^ ^^ for ^ c>v>s med here. A further quantity, Po, the
VTS:^^sucSi uip is included. Equally, 1 -Po (the probability of catching the

£S?out̂
• f t m«m harvest rate are tabulated for snapper and kahawai and the main

Two esumau* J^'^SJUli, have used the H, estimator (Sylvester 1993a,
SI3b,SK SrrnCgh the primary use for this report is to calculate a measure of



catch rate which can be used as an expression of recreational satisfaction (H,), both estimates
are given for compatibility with Sylvester's results.

A letter code (R) to describe the harvest rate is included for snapper and kahawai to simplify
understanding the numbers in the tables. R is based on ranges of the mean-of-ratios estimator
chosen for convenience (see Table 2).

No results are given when the number of trips involved in the space-time stratum was less
than 20 Jones et aL (1995) suggested that at least 100 trips could be required to get rehable
harvest'rate means with actual confidence intervals of the expected size for the stated
confidence level They also showed that the actual confidence intervals were skewed, buj
become less so as the sample size increased. Results where the number of trips is less *«^
100, and all c.v.s should be viewed with caution.

Estimated snapper harvest rates in 1996

The trips selected in the estimation of harvest rates were those w.
fish" was the target and the method was either using a baited line or
bait The estimated harvest rate of snapper is greater when snappe;
assumed that most recreational fishers in the North region are
they specify otherwise. Rshers specifying a "general fwH
exoerienced (or perhaps more realistic) than those who Sptc_ r.
^timatedhanJt rates for the methods abov^re different
descriptions used for these methods makes them difffcg^stinguish

Table 14 contains the estimated snapper 1
fishing locations are grouped by diary zag^
named location (Sylvester 1994b). The/fctraSt
the mean-of-ratios estimator, HI, but^;

median value of pa (probability of>n

1)

are]

1 time strata. The
nt an area around the
; usually smaller than

1 for the snapper data. The

The lowest estimated
winter. Sylvester (unp
recreational fishery in
The highest estimag ^

— ••»€

n Jo
point!

4 UV M*̂ --"" j

example, Bream Ba

within harbours, particularly in
snapper become unavailable to the

iy 'because they move out of the harbours,
away from the most populated areas, for

Many of 1
or not i
thetabt
ffl

xeffort i

î u,«; 14 are based on trip numbers which are less than
tv>! strata based on a larger number of trips, and to reduce

np^ize, the estimations were made by diary zone (Table 15).
joj/m. not to be affected by extraneous factors, we have to assume

Y^bps made in each locality in the zone was roughly the same in
the harvest rate did not change much throughout the zone. These
arily true in all areas.

1

10



Comparisons of estimated snapper harvest rates between years
j «,. r,arv#.*t rates in 1991,1994, and 1996 were made using the

C^r' ?2S3C^S?SSng the data » "cote,* to March and
same rnohodand^ "rfS*!: dedla.^,0900 and 1800 horns to maximisethe
April and for tnpi! wtosfte ^^d sniper landed, and smpper thro™, ba£ dead,5Esr^srs2^* 5 ̂ --*»-;
(unpubl. data).

g^2-5 All the estimated harvest rates show the '

^***™**~££%£yNorthland, ^he-western . jod-flES. ̂ a_^.^
Sly Waikato. The 1996 estimated harvest rf
S££. L eastern Bay of Plenty and Mgrf
„ . __ „ ^u.™ c««a oossiblv middle>JHarbour, tne eas«an «»j ~ --* ^
S^our and northern (and P°^lymidje5
to the eastern Bay of Plenty in 1996 v«k:
Ohiwi Harbour (Table 17).

wit
jble 17/The

zone^
trenc

rithe

; in east
*fenty and

n-Tauranga
t in Whangarei

I harvest rates
harvest rates in

Kahawai estimated^

Table 11 shows thatj
fisheries. Table U
and 9 and i
region (Bajj
harvest,TatesN

Pie

Stima
^1996,

East No

<ovVlf 20.

The

fly a~bycatch of the snapper and "general fish"
a bycatch harvest rates by diary zone in KAH 1

[ejt/gives similar results with the data grouped by
*, East NdrtMtna. touraki Gulf, and west coast). These estimated
LhTlow• Sare highest in the Bay of Islands, the eastern Bay of
^SSS êd Invest rates tend to be higher m winter than
j^^gnerally low and the differences between H, and H2 are

Y>
^ Ae comparisons by year of the -estimated kahawai bycatch harvest

^ Era weeSdTby re/on and diary zone in KAH 1 and 9 respectrvely.
Xrr^ZfvSrs b^diary zone are plotted in Figures 6-8. These data
*&£!tt£2Z» as a bycatch of the recreational snapper
-ased in most areas between 1991 and 1WC

ĵ -^.rwts^ssffî ^???1?fes^Sbans^sa^r-s:winter than summer. The kanawai ̂  ^ iocate & ̂ ^^ schooj m ^

^ 1^^^S^K^ai «*toey had sighled a "-^
»5^Ka^^««-««*«*">-

. ,,tr «.Q show the year to year comparisons in the kahawai target fishery. AsTable 23 and Figure 9 how toeyear y * ^^^ ^ ^ nQmber rf tops
before, the comparisons are made-.m» H k ^^ ^ indications ^

SJfi^SS^^ J ̂ een 1991 -1994 -1 ̂ have

11



w~?

»* cnmfcwhat in 1996. This harvest rate increased in KAH 9 between 1991 and 1994.Creased somewhat m!9*K i in KAH 9 at the relevant time for the
?££££ ££^comparisons; the'kahawai target harvest rates were relatively
high over the whole summer (again with a small sample size).

TK i ~ «f H are generally higher than those of H2. In the kahawai target fishery the
55 ~ i tetafSSly because kahawai harvest rates can be high and the fishing
SSSSM* bJ-^ Short fishing times are hard to estimate accurately
and can lead to biases in HI.

e. u -etJmatM of harvest rate arc considered for the kahawai target fishery in
f££Z SS£T£J*.--1- which . tower to d. _«Mk»
estimator, Hj.

Other recreational target fisheries for finfish

There are recreational target fisheries for tarakihi, red gurnard flatfish,
o^wTerf *e numbers of trips surveyed are large enough to allow ad*g
« ml For these fisheries, aU the trips recorded are mcluded «
^SS winter and for QMA 1 and 9. Comparisons by year aij,
ST!Jdl»U«W could be biased as the fishing effort was^dfcL^
C^oAerSt fisheries where the numbers of trip.^®X **
Ismail^include kingfish and striped marlin wh^e we ha^ the
catch and release making harvest rates much lower thai

baited lines (including
and operates throughout

apparent increase in 1996
iiy more sampling was done in
(see Figure 16) suggest that a

ty have affected harvest rates.

Tarakihi
There is a substantial recreational
jigging). This fishery is predom?--'
the year. The estimated harvest
may be an artefact of the swnnli
the eastern Bay of Plenty,
strong year class enterediL

Red gurnard

There is

Table "5^̂  dî

rofHstSS^REC9^01 Objective4)

r gurnard but it is a mixed method fishery including
.-.rates in 1996 may be lower than in previous years (see
its show the overall red gurnard harvest in 1996 was
(Bradford, unpubl data, Final Research Report to the

There are taV set and drag net fisheries for flatfish mainly in QMA 9 (see Table 26).
Flatfish were not counted in the 1991 survey.

.£'!
•iSt. w-
'•S:
'§
" f'i'fr'•;**.'
•f.*?.;

12



Grey mullet

There is a target set net fishery for grey mullet mainly in QMA 9 (see Table 26). Insufficient
trips where recorded in 1994 to adequately estimate harvest rate, and grey mullet were not
counted in 1991.

Skipjack and albacore tuna

^^^er^arersewrak^^^^a limited number of species. As might be expected from what is Krf
distribution of tunas, these are predominantly summer fishen—
skipjack tuna, the troll fisheries where skipjack tuna, albacor^
marlin, and "general" were the target were included. For «««*
albacore, striped marlin, and yellowfin tuna were include
The estimated harvest rate of skipjack is variable .rf<Jfoi^y
abundance of^&pjack in-New-Z^^
albacore are low and may have declined.

jMeh_cjLt^^
>f the season™ Vx^

Despite the interest hi targeting striped
harvest in these fisheries are too low to

Target shellfish fish

success rate and total
harvest rate.

The estimated harvest
mussels are considered}
counted consisteni

_ rock lobster, scallops, and greenshell
in 1991 and shellfish may not have been •

Rock lol
are consj
are
in

. and snorkling) and by potting. These methods
ily involves a long soak time, whereas diving trips

; rates by rock lobster Fishstock and season are given
MI than potting and potting trips were recorded only from

; caught per trip when using cray pots but not per hour (cray
• for 12 to 24 hours, diving trips are generally short). The bag

>{bTliffflting the catch taken from pots in CRA 2.
JT •
by dredging and by diving (both scuba and snorkling). The results are

_^whieh correspond to-the-scalk»p-jnajmg£ment_areas^ The estimated harvest
t>le 28) are comparable for the two method groups.

^ell mussels are taken by hand gathering and by diving. These methods have been
.j™^ together (see Table 28). It appears that recreational fishers can take their bag limit of
50 in somewhat less than an hour.

Scalloi

..13



Other finfish in the snapper bycatch fishery
• ,h.t the harvest rates of the 20 most important species be estimated

Tbc objective "^^^Hto^bcen considered. To get harvest rates as measuredThe important target fishenesbaveMreaay rf ^ snapper fishery ^

•JSyS^ZZZZ*.£ t^—y - **-—*- te target
fisheries.-^-rssr^c^frss^r^rs^-^Ss^T^r«r-Ts=s
The method was batted .̂ f^^Sted for QMAs 1 and 9 and for summer and
included and the estimate[*"^X> fi* were caught are not tabulated. Table 29 gives the
winter. Strata where less ̂ *^*££%5£ cod, blue maomao, John dory, j^charvest rates in the ̂ pper bycatohfishe^ for wue , ^ ^^ ^K^
ma.kerelldngfish^ of L snapper fishe^
^SSS^^Sr L ra^f-means estimator, H2, and the p^
not catching the species, pft are given. A\N

Comparison of size distributions
Hartill , al. (1998)+**** ^mbutions of*.

g^SssSutionsfromtheboatrampsurveys

Table 30 contains the coefficients in tte
Sghts from lengths (where they «*
species. Table 31 contains the rae^
distributions plotted in RguresJ^

Snapper
Again, the
various way
number
maintain co

^•96
'and
and

Leport to
kahawai size

tv/estimate mean whole
^scientific names of the
with their c.v.s for the size

lity

auundance. These data have already been used in
im the snapper stock assessment. Here a limited

rttoifiy using January to June data from all surveys to
Riata. Data have not been split by day type.

^ to June data from the three boat ramp surveys collected from
Ita ttcStaflh region. The minimum legal size for recreadonally

Wdfrom^cm to 27 cm onlDecember 1994 and hence the mean
asedftom.a p 11 shows ̂  snapper

_^ -^,2** "JKS£S Ko major subtfegions of SNA 1 used in the
^&^^^^^^^LA and the combined Hauraki Gulf and Bay of
snapper stockassessmen^i^No^ im ^
Plenty. Flgure. 12 is similar to Figure 11 ̂ ™ly ^ when the data from throughout

y^SS^v^
14



to tonnage estimates, length samples should ideally be taken throughout the time period to
which the number estimate applies, though the differences in mean weight when using
different time periods are small and any change in tonnage will be small when compared
with other possible errors in the tonnage estimates.

Kahawai '
The kahawai size distributions differ from the snapper size distributi
peaks-exist—and—4e-4Eahaw5^-size^stribution_has-.a-_wi<"
exaggerated by measurers favouring length intervaTs"6f 5" cm,
in kahawai mean length can mean a strong 3* year class <
present in the fishery in that year, for example. /<O

Figure 13 compares January to June size data from the<
and Rgure 14 compares the size data in £[•"*•
Figure 15 compares both January to Jane andfej
Plenty. For kahawai, the mean weights were;
the first six months (Table 31). KahawajlS
thinner) at some times of the year, includm^dbrlaelhe i

Other QMS and relat
For other species, all
Sample sizes are smalC>\V/

SKAH9
Gulf.

im the Bay of
ie whole year than in

litioning" (become
(Bradford 1998b).

size distributions to be compared.

Figure 16
distril
1996;
The

itions from TAR 1 and the red gurnard size
class appears to have entered the taraMhi fishery in
1991 and 1994 and again between 1994 and 1996.

the 1994 North region and the 1996 national diary
:h Report to Ministry of Fisheries, project REC9701

i weight also dropped slightly between 1991 and 1994 and

trevally size distributions in TRE 1 and the part of TRE 7 in the
evally are generally smaller in TRE 7 than TRE 1, and the mean weight
1 in 1994 and in TRE 7 in 1996. The number offish measured in TRE 7

most subsequent plots the number of fish measured may be too small to adequately
V ite differences in size distribution from year to year. The species selected are those

the most length measurements are available. Rock lobsters were measured in 1996
'only and their size distributions were plotted by Hartill et al. (1998) and are not repeated
here. Some lengths measured in 1996 are available for other shellfish but may not be
representative and are not given.

Figure 18 compares the blue cod size distributions from SCO 1 and the John dory size
distributions from JDO 1. There are increases in mean size for these species but sample sizes
are small.

Figure 19 compares the size distributions for jack mackerel and blue mackerel in
QMA l. The numbers measured of both these species has dropped from 1991 to 1996.

15



^

~c th* 1094 and 1996 size distributions of flatfish in FLA 1 and grey mullet
SSu rSTs^rj^?«ugh. by *, n« and s^te counted during boat
ramp surveys may not be representative.

w <rfich and harracouta size distributions. Data from all the North region
FigUI^1 SKSStW^TS- Pio* *- been constructed to show the
^^f tes^r^Sa o^side the range lumped at the end points. A rmnunum
SfSf 5«sSiU^ in Place for kingfish. The practice of catch and release is common
forkingfish.

Non QMS species
**« 22 compares the size distributions of albacore tuna and skipjack tuna cai)
Figure 22 «>mP^ Observer data from the commercial tuna longuners on gr
*^f °Ud £J2S^^TS;Ur database by Lynda Griggs, NIWA)^
r±±lwe?£tiStlations. Observers are used on the larger bo±a^

S:
• ul j u«o*h Extracted from trie ooserver uauwoos' u/ ~/..— ^"ee— -

Te^t St leSSiOlations. Observers are used on the larger boats

^^^^^^^^^^^^

fers

Discussion
This report first describes how, where,
1996 boat ramp survey were caught.T
fishery in the North region and exp'-:

species are limited. Thus the ••
distributions. The estimated
several species.

and.

LtOI

jfish counted in the
r of the snapper boat

st rates and most other
kpper harvest rates and size

fishery were included for

Two estimates of mean 1
tabulated for snapper/
estimates of mean,
and H3 may be.
individual
Previous;
1994b,__

^ ^' that
sandthtttthe<

ave

the p^>b>blHty of not catching the species have been
i. Figures 2 to 9 show that all three

over time and space, but the values of HI
^of-ratios estimator, that takes an average of

_ used as an indicator of recreational satisfaction.
„ ratio-of-means estimator (Sylvester 1993a, 1993b,
estimator to use is one for fisheries managers. Of

«• of mean harvest rate is used when making
collected in the same manner.

L harvest rates tended to occur within harbours and the highest
Minmte highly populated areas. Estimated kahawai harvest rates when

sJcatch of the snapper fishery were generally low (most of the kahawai
v, t MrtJiiii bycatch of the snapper fishery). Estimated harvest rates in the kahawai
^eTfisStere much higher, in this fishery the two methods of estimating a mean harvest
rate often give different results.

''i-
j£!

. •-"•-'•Tr.'*i4i
j!SHn

mi
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have

,*«».«.* -^-«*"s-^-ji* î̂ ±Ki
sttartfled aw-*^SSS32d'̂ t*,.'?*—*. - *"i-Ssys^s^^MstfCî iss:
S5« ~-^"—« * -2- -—B>™
Waikato, and Kaipara. *

-ssasss^r^zsgsT-—areasJThe target ganawjuu,— .̂g,̂ . _tefget.^^hawai j'̂ tt̂ rsssSSSEs-*^
The tareet kahawai fishery (targeting surface schools)
SLSional harvest in the ̂ *%£+
Sever, it probably dormnates people s percept
Little is known about the percentage of the
rim- but SisTp^entoprseems tcTbe gene
SS5»£g on environmental factor

_in£
iest ;in

perceptig
aon

^a small
he 1996,

?t-:

_^ the
^.survey),
u fishery.

_ ;e at any
)) and probably

The 1990s kahawai harvest rates
snapper bycatoh fishery. The earlier
best approximate the kahawai tareeHi-<T^
Target fisheries for 1
mullet (set net), and,
enough data exist r'

^for
fratev

the
et al. 1998) are for the
; rate (Penlington 1988)

e) redShiWlongline and set net), flatfish and grey
iriarUn (trolling) exist and for some of them
/rates (using all available data).

tf

Target fishe.
and hi
and,oti 'rock I

apply

Wft^hs^^sWor rock lobster, scallops, and greenshell mussels
We^»^*c* ^^ ̂  sheiifish ̂  were cQllected .n 1W1

>bsteNJKr9%, the counting of animals may have been inconsistent
to mSffifish species appear to be limiting the harvest and

A i

(a ibutic
r^A t^m the three vears were plotted and mean lengths and weights

„ __oducing a ̂  *"*£££?^ weight and a number estimate) could

jg£££S#^^™,SSSd wil other errors in the tonnage estimates.

^> • f ,**r of the snecies are inadequately defined in most years. Bradford

•%£££&£% 2S« ^T-taKB—W6ighB-
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N>
kWî Zt Map of the North region of New Zealand showing the diary zones numbered as in die 1996
nsSddiary survey. The names we used for the diary zones in this report are: 1 - North Cape to
Ome Brett; 2 - Bay of Islands; 3 - Cape Brett to Cape Rodney; 4 - Whangarei Harbour; 5 - Barrier
»V~,-. * w-*«™ fiiif- 7 - Inner Gulf: 8 - Firth of Thames; 9 - Eastern Gulf; 10 - Northern Bay
r ne Brett; 2 - Bay of Islands; 3 - Cape Brett to Cape Koaney; * - wnangarei naroonr; s - Barrier
Elands- 6 - Western Gulf; 7 - Inner Gulf; 8 - Firth of Thames; 9 - Eastern Gulf; 10 - Northern Bay
of Plenty- 11 - Middle Bay of Plenty; 12 - Tauranga Harbour; 13 - Eastern Bay of Plenty; 20 -
WaikatoV21 - Manukau Harbour, 22 - Kaipara Harbour; and 24 - Dargaville.
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Appendix 1. Mathematical definitions of harvest rates and related
quantities

Definitions

Let I = 1,2, .... N, xi = trip length of the ith angler or party in hours (fishing effort),
yi = harvest by the /th angler or party, « = number of anglers or parties interviewed, and
N =s number of anglers or parties in the fishery on a given day. The following definitions are
used where approximations involving the number of anglers sampled are given. This
appendix is based on material in Jones et aL (199S).

x = V" xJn = sample mean of angler or party effort;

5? = V * yj In - sample mean of angler or party harvest;

s] = 2)"_,(*i - *)/(" ~ 1) = sample variance of angler or party effop

sz = V " ( y; — y )2 (n—1) = sample variance of angler or j

ct = stl x; c,=s}/ y; c. v.s of the effort and catch;

h, = xjyi = harvest rate of angler or party;

H, = 2,̂ , hijn = per-angler or per-party
ratios estimator which is an estimator

is is the mean-of-

*,=I,W*
The estimator used for

XLfcV(H,) =

C.v.(tf,

• the means are implicit as the sample sizes cancel out.
£

for the ratio-of-means harvest rate is

'E>
H2 is a biased estimator of H2 when fishers are sampled at the end of their trips (Jones et aL
1995).



The approximation used for the estimate of the c.v. of H2 is

c.v.(H2)2 = c.v.Oc)2-fc.v.(503.

This expression ignores any correlation between x and y. The correlation between effort
and harvest should be positive and would act to reduce c.v.(H2) and the/expression u;
should be conservative, that is to overestimate the c.v. The correlati
small. Some simple bootstrap calculations suggest that this expre^ao&tofvtHe c.v. i$ (not
grossly wrong in magnitude. The distributions of the harvest raj&Mra&iuiat the,

"confidence-mtervais'are'somewharstewed;

More sophisticated analyses by Jones et al. (1995) and Bj
REC9702 report for Objective 2) suggest that the ~
estimators are likely to be skewed (badly so for sr "
coverage would suggest. Obtaining the "best"
estimator is an active area of research.

The true harvest rate required could be

Appendix 2. Other possî l

ect
rest rate

the target
ratio-of-means

circumstances.

estrate

The ratio-of-means
kahawai target fis'
allowed in the del
made necessary

Two
used

substantially different results for the
been introduced by the mixed methods

. The use of a mixture of methods was
j target trips that are actually made.

first, which is based on the "combined" estimator
in commercial rates, is defined as:

-means estimator using only those trips where there was a kahawai
the probability of making a catch. The mean-of-ratios estimator could

,-The second (//,"*), which is baised on an idea proposed by Pollock et al.
; mean-of-ratios estimator adjusted so that all trips of less than half an hour

The results are given below for the kahawai target fishery using data from
1996 and subdivided by region.

"V

ie rationale for removing short trips from the mean-of-ratios estimator is that estimating the
^ne of a fishing trip is difficult, especially for short trips. First, how is a fishing trip defined?
For example, what preparation and tidy up operations are included. Second, the fishing times
are estimates by the fishers recalled after the event and will contain some error. When several
fish can be caught in a short time, the individual harvest rates will be large with potentially a
large error which can introduce bias into the mean-of-ratios estimator. Trips targeting
kahawai once a school has been sighted can be short as catching kahawai can be fairly easy
once a school is found. However, kahawai may be becoming wary of the sounds of
recreational fishing boats and consequently becoming more difficult to catch, thus reducing
the catch rate (Mark Feldman, Recreational Fishing Council, pen. comm.).



:TJ

Additional estimates of harvest rates for the kahawai target fishery (any method with kahawai as
target species) by region in 1996. Some of the numbers are repeated from Table 22. c.v.s are not
repeated from Table 22. The c.v.s are expressed as percentages

Area H, Hz* c.v. Po ft. c.v. H, Hf*' c.v.

Bay of Plenty
East Northland
Hauraki Gulf
West coast

0.779
0.916
0.774
0.682

1.319
1.828
1.404
1.321

9.9
7.1

14.6
12.2

0.514
0.519
0.520
0.549

0.641
0.880
0.674
0.595

12.3
10.0
20.0
15.5

1.215
1.381
0.879
1.556

0.840
0.797
1.057
1.025

8.4
5.9

18.3
13.2

The values of HM are less than those of the ratio-of-means estimator. If the mean-p£?atios
estimator had been used to estimate the mean harvest rate for the successful trips, f/£~dw£d
almost certainly become larger. Ignoring the short trips when calculating the n&MTOF-f«iDS
estimator gives lower estimates of the harvest rate than when all trips are includm^xcept in
the Hauraki Gulf. And except in East Northland, the estimates of H* are g^a^»|to those
from the mean-of-ratios estimator.

One conclusion is that there are several possible definitions of tiiet
target fishery.

Some simple bootstrap calculations were made using
target fishery. The ratio-of-means estimator had littleJ*
from the ratio-of-means estimate from the data). Th&^fnea^f-
if the catches and fishing times were sampled ••-i<»-' »v— •"•— -
(in either direction) if they were sampled
separately presumably changes the
The bootstrap distributions tend to b
bootstrap calculations were not wild]
in Appendix 1.

'-ratios

wai

awai
: little

little bias
; and was biased

and the effort
catch and effort,
of c.v. from the

: using the formulae
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13. Datastorage:

All interview length frequency and ageing data relating to recreational landings of kahawai have
teen eS onto Ae MR* relational rec_data and age databases wi* adherence to its quality
™^dards administered by NIWA. Data from catches wluch do not mclude> kahawa,
^"reSuTnot checked or entered onto te database. The <"^^^ of
non-kahawai related data was not covered under the contract for KAH20Q<*0K#*shas
collected incidentally and may prove useful in the future.



EXECUTIVE SUMMARY

Hartill, B., Armiger, H., Tasker, R., Middleton, C., Fisher, D. (2003). Length and age
compositions of recreational landings of kahawai in KAH1 in 2000-01,2001-02, and 2002-03.

New Zealand Fisheries Assessment Report 2003/xx. Xxp.

' kahav

Due to the widespread and comparatively random nature of recreational fishi
length and age distributions described in this report are more likely to "^
underlying population than those derived previously from commercial
landings (Bradford 1999, McKenzie and Trusewich 1996). As '̂
commercial landings are usually comprised of fish from only one
of commercial catches tend to be both highly variable and
amalgamating these commercial landings are therefore us
insufficient catches sampled to describe more than a fe
number of purse seine fishing events account for .a'
only a fraction of a population's spatial range is fish
of thousands of trips, which sample a greater num^bKojools at
and is therefore likely to be more random and r«Pres«NiVey. Re
tend to be more unimodal, with any secon"
than the influence of individual schools.
fishers therefore tend to land a greater s
description of the population in the

ie kah
itative o

(eland si:
100! by

'O school, the a
Distribu

iistri

,ofth.

Lons
nsd from
generally

as a small
catch,

is comprised
*er level of intensity,

'frequency distributions
^ strong year classes rather
for kahawai and recreational

Idition to providing a broader

of recreational kahawai landings
KAH 1: East Northland, Hauraki Gulf and

rinal Research Reports summarising the first

This report summarises the
in 2000-01, 2001-02 and '
the Bay of Plenty, and
two surveys (Hartill et al!

Bradford (2000;
of a populatii
the heads of
Bradfi

awai be aged to provide a reasonable approximation
fishers were generally willing to let NIWA staff remove

ite age sample sizes were obtained in all three regions,
that approximately 1500 kahawai length measurements were
the less common length classes in a regional length frequency

ieved in any of the three regions, as levels of sampling effort were
data, and there appears to have been a subsequent decrease in the

per hour of interviewing. It is not clear whether decrease this is due to a
effort and/or reduced kahawai catch rates by recreational fishers.

iggests that kahawai catch rates have fallen hi recent years. Although fewer
measured than intended, analytically-derived mean weighted coefficients of

i) indicate the length and age compositions of the regional populations have been
reasonable precision (<0.2).

age distributions were spatially and temporally variable, which probably reflects the
ogeneous distribution of a species which schools by size, and hence age. Clearer and more

consistent patterns emerge however, when data are combined at a regional level, especially across
years. The Hauraki Gulf catch distribution was largely comprised of relatively small, younger fish,
with the East Northland region having a broader length distribution dominated by fish of less than 7
years of age, while the Bay of Plenty catch distribution was mainly comprised of larger fish, reflecting
a broader underlying age distribution. These length and age distributions are broadly consistent with
those derived from boat ramp survey data from the early 1990s (Bradford 2000).

A broadening Trf age disuiburions-and-increased-nurobers-of-kahawai-enGounteied-by-boat- ramp
interviewers in the second half of each annual survey suggests a possible onshore movement of
sexually mature kahawai following spawning in deeper waters. The timing of these behaviours is
probably influenced by prevailing environmental conditions that vary from year to year. The



relationship between the size and abundance of kahawai caught relative to distance offshore was
examined in East Northland and the Bay of Plenty, and there is some evidence of a trend of increasing
fish size with distance offshore.

1. INTRODUCTION

Random representative sampling of kahawai (Arripis trutta) populations f<
problematicgiven the species' size-specific schooling behaviour. For exantl
frequencies collected from commercial purse seine landings m 1<
muWmodal, and McKenzie & Trusewich (1996) concluded fcat this
way the purse seine fleet operated, rather than an intrinsic featom-of the
While comprehensive sampling of commercial catches ^>VgHj° c<
extraction, these samples cannot be considered indicative of ̂ ^W^g
structure, as the fishery operates non-randomly in space antf

Recreational fishers however, are thought to fish
manner than the commercial fishery (Bradford nrv"
wider size range of fish than that taken by *u-
genes of recreational catch-at-age estimates
of population age composition, which maj '
results of the first three years of recreatio
this study (KAH200Q/01 - MonitoricflBvthe
kahawai) was:

To conduct the samp
landings of kaha' "

on.
ial

and age

id representative
. and tend to land, a

tradford 1999). A time
ire accurate representation

This report summarises the
'out in KAH 1. The objective of

iition of recreational landings of

and age composition of the recreational
rears 2000-01,2001-02 and 2002-03.

In

2. METHOI

2.1 Previ($
•x. •*• s v x

J1 to collect baseline information on harvest rates by recreational
„,„, throughout the Auckland Fisheries Management Area (AEMA;
ewing occurred on weekends between Boxing Day 1990 to June 1991.

«iiuJwr survey in 1994 was to verify aspects of a concurrent recreational
kelength compositions of recreational catches measured during boat ramp

apied with those reported by diarists. These boat ramp data were also used in
/WittVM aerial survey to estimate harvest from the Hanraki Gulf, which was compared
Aved from the diary programme (Sylvester 1994). to 1996 a nation-wide boat ramp survey

wed'but to estimate the mean weights of fish species caught by recreational fishers (Hartill et
KEnese mean weights were used in conjunction with estimates of the numbers of fish taken,

_ j a telephone diary survey, to provide estimates of the national recreational harvest of key
5 (Bradford 1998a).

Although kahawai length frequency data are available from these boat ramp interviews, the
invteMnff survey designs differed both spatially and temporally, and no age data were collected
SSS^Sidi, in a review of data collected from these surveys, Bradford (2000)
suggested that sufficient kahawai were landed by recreational fishers to support a length and age catch
sampling programme in KAH 1.



2.2 Sample design

The sample design for the 2000-01, 2001-02 and 2002-03 surveys was based on data collected from
boat ramp surveys conducted in 1991, 1994, and 1996. Kahawai length data from these surveys
suggested that there were substantive regional differences in the length frequency compositions of
kahawai caught by recreational fishers in East Northland, the Hauraki Gulf and/Bay of Plenty^,
(Bradford 1999, Hartill et al. 1998). Separate recreational boat ramp surveys were tf^cerore^onduc
in each of these regions (Figure 1), with concurrent collection of length airdS^gvsimples
recreational landings of kahawai.

Sampling of recreational catches was restricted to a four-month seasor
which corresponds approximately to the peak of the recreati
landings were likely to be most abundant. Restriction of sampl;
desirable, as a longer collection period would have inert
age-length-key. Further, as otolith ring deposition occurs
1998), collection of otoHths in early winter should be avpk
the otolith may result in ageing error. /<

« ^

17tfE

East Northland

HO Houhom
MQ Mangonul
MW Manga**)
OT OpUoBay.KerfkBrf
PA Pan»\Bay(put*ci»rap)
PC P«u« Bay (<** ramp)
RK OnaTnae Point, RuaWta
TU TuMtaka
WG Watangl

HauraHGuH

BB Browns Bay
QU OuKHaibour
HA Half Moon Bay
KB HobtonBay
KA Kamkawa
MR Mmtal
OK OtemhuBay
CO Omaha
SA SandspR
TA Takapuna
TM TaKouma
WE _ WosttUhW).

Bay ot Plenty
BO Bowtntmm
MK Makfttu
MO MoluRhnr
OH Ohopa
SU Si*5hurPolnt.T«uranga
TO TolBiMg*.Tainnga
Wl WahauBay
Wlf VUh»ira>t an **>IV VVnBKKW

WM Wtangamala
WT WNttanga

Figure 1: Location of boat ramp interview sites.



Samoline took place solely on weekends and holidays when most recreational fishing usually occurs.
RMmTfann the 1996 boat ramp survey demonstrated that for the most commonly caught species,
to were no substantive differences between length frequencies of fish caught during weekdays and
weekends (Hartill et al. 1998).

Bradford (2000) recommended that 400-500 kahawai should be aged to
approximation of the relationship between length and age, and hence, a popular*
further recommendation from this study was that as many-fish as oossft
(E Bradford pers comm.), should be measured to provide a reliable length
timing and intensity of recreational landings of kahawai is, however;
interannual variability in fishing effort and the spatially dynamo <Mhg*a
behaviour A reasonable intensity of sampling effort was thei^mreqmr^ m
intercept appreciable landings of kahawai when they occurred^sWe desi;
9001-02 2002-03 was based on the number of kahawai landoj
ramps during weekends and holidays during the 1991, 19*fel>d6 boat
Regional estimates of the average of the number of «d

Table 1 are weighted averages across survey years, ̂
dumber of interview hours (i.e. sampling effort) r-1J^

Table 1: Sample design used to estimate how i
obtain measurements of 1500 kahawai in ~"
average number of kahawai landed by i
during the 1991,1994 and 1996 boat r-

reasonable/<f

^
LY^

slribution)
IHo

hop
was

awai
to
'1,

key
-s CTable 1).

(ewing given in
based on the

lectedl

itory holidays.

aersi

Average no.
r<?j

Region

East Northland
HaurakiGulf
Bay of Islands

'tewing would be required to
, Estimates were based on the

> weekends and statutory holidays,

Number of Estimated number of
sessions kahawai measured

\v;
6
6
4

28
21
12

1558
1553
1498

Sampling i
and 30,

i tamp weretgpdomly assigned to weekend/holiday days between 1 January
od that there were strong onshore winds or local competitions on

place on the next available weekend/holiday day. Interviews
Jken. in 1991,1994 and 1996 to ensure that the data were collected

[^nore than one vessel approached a ramp simultaneously, a vessel was
, jouJing. When fishers landing kahawai were encountered, all fish, including

.̂ During interview sessions, recreational fishers who had not caught kahawai
when tiis did not interfere with the interviewing of other fishers landing

e-mraa«ital data were stored but not checked for errors or entered into the database, as
»objective of this study. However, these data may prove useful for other purposes in the

> was no additional cost in their collection.

iVdne purposes, kahawai were selected at random from each vessel's catch, from which no more
WJour fish were taken. As age samples were collected randomly, the length distribution of the age
ISe should broadly reflect the length distribution of the landed catch. Kahawai otoliths are fragile
and time consuming to extract and interviewers therefore asked permission to cut the head off at the
tills Generally in excess of 90% of recreational fishers permitted the interviewer to remove heads
from their kahawai. TTiese heads were retained by the interviewer together with a record of the fish's
£noth and a code linking the head to other data collected during the interview. Kahawai were not
sexedTas there is no apparent sexual dimorphism in growth rates (Bradford 1998b). Otoliths were
extracted from these heads at a later date.
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2.3 Ageing of kahawai otollths

Kahawai otoliths were prepared using the thin section method described by Stevens & Kalish (1998).
Each otolith was marked across an intended sectioning plane passing through the nucleus. Each
otolith was then imbedded in a disposable epoxy mould with three other otoliths so that their nuclei
were at the same level. Once the resin hardened, a thin transverse section was cut t^nf **>*h MV.™
block with a Struers Accutom-2 low speed saw. One side of this section was
and mounted polished side down on a slide using 5-minute epoxy resin. Aftc.
slide was ground with a series of progressively finer carborundum papersM^Q,
to a thickness of 250 to 350 urn depending on ring increment clarity. A sjms^n^
powder (Linde A) was used for the final polish. <^s\

To improve clarity, a thin layer of immersion oil was brushed
under transmitted light. Three readers were used to '—
disagreements in interpretation were resolved using a met
& Walsh 1995>which was as follows:

• each reader independently read all otoliths collfl
• disagreements between the three reader's ' ~

more readers failed to agree in their huff
otolith with no knowledge of any pric "

• remaining disagreements were resolvecNJV-xliscussh:
screen until a consensus wasrearaqh

• if no consensus could be readwosihejoWith

Very few otoliths were
deformed and hence,

int

ified and where one or
, those readers reread the

otoliths projected onto a video

the dataset.

this occurred, both otoliths were usually

ak place
iths and

bper (Davies

2.4 Data ai

Proportional
calculated for
pro;
Wl

distributions and analytical variance estimates where
fcTRAN program developed for a snapper market sampling

Vessels landing kahawai were regarded as individual strata, which
j^cf^^nurnber of kahawai landed. The distribution of fish at age within

y) was derived for each region, and used to translate the regional
of recreational catch-at-age. Proportional catch-at-age estimates

* of age classes recruited, with the maximum age being an aggregate of all
19 years. Recreational catch-at-age and length frequency distributions and their
\ presented in the form of histograms and tables. Age data were collected in a

respect to length, and von Bertalanfry growth curves were therefore fitted to
length and age data iteratively, by least squares regression. Growth curves were

region, catch-at-age distributions were derived for each ramp, and for each of the four
sampled using the same analytical approach used to derive regional distributions. Regional,

and not ramp (or month) specific, age-length-keys were used to derive these age distributions, as the
number of kahawai aged from each ramp (or month) was considered insufficient to describe the
underlying length-age relationship. This assumes that the location of a ramp (or time of sampling,
given the four month sampling period) has little influence on the relationship between length and age
within a region. Spatial and temporal trends in the underlying age composition of the regional
kahawai populations fished by recreational fishers were then inferred from these histograms.
Coefficients of variation (c.v.s) were not calculated for these distributions due to the low sample sizes
of the component strata. Comparisons~were made between"ramps raffief than ffie localfoni at which
they were caught, because in most areas there is little overlap between the areas fished from two or
more ramps.



nnrinB the 2001-02 and 2002-03 sampling seasons recreational fishers were asked to estimate how
to"ffshore they had fished. This information was used to plot the relationship between the size of
fish caught, month of capture and distance offshore.

3. RESULTS

3.1 The 2000-01 sampling season

A network of interviewers was established at 28 key boat ramps in
and the Bay of Plenty (Figure 1). Sampling ceased at Houhora in -
low numbers of recreational vessels using the ramp and the Inw.
measured. Interviewing activity was transferred to a seconi
Harbour, where fishing activity was far greater. In East No-"
of kahawai landed per hour in 2001 (Table 2a) was "•
(see Table 1). At the Whakatane ramp, two of the inf—-
Prior to the competition starting, fishers were advi*
that all kahawai should therefore be landed. Propoft
length data from this competition were comoarettan&fboWa to be
Campled in 2001.

Table 2a: Summary statistics by region of
measurable kahawai, kahawai mea™^kaha

'the Ha<i
' due to

sntly
ngarei

lie number
ftous surveys

rfg a competition,
for kahawai and

I with, and without,
f other competitions were

;, hours surveyed, vessels with
and kahawai aged in 2000-01.

Region

But Northland

Whitliogt
Bowcntown
Sulphur Point
TollBridge
Makctu
Whaktune
Ohopc
MotuRiver
WiihauBair

Total 457

« Two of these sampling events took phoe <taing » ccm?>etitii»



3.2 The 2001-02 sampling season

The boat ramps used and sampling design employed in 2001-02 was based largely upon that used in
2000-01. In the Hauraki Gulf, sampling effort at one ramp, Hobson Bay, was transferred to Halfmoon
Bay where vessel traffic volumes necessitated the employment of two interviewers, and effort at Omaha
was transferred to the nearby Sandspit boat ramp. In the Bay of Plenty, sampling effo/£itToll Bridge,
Tauranga was transferred to Whangamata where landings of kahawai were thought i ^
changes in sampling locality are unlikely to introduce between year variability fo ^
relatively few kahawai were encountered at the ramps concerned, and;
shifted to a nearby ramp, those fishers encountered would have fished siy
kahawai landed per hour was less than that observed in the 1991, 1994'
however, sufficient kahawai were sampled to describe regional,
distributions.

Table 2b: Summary statistics by region of the number of inte^
measurable kahawai, kahawai measured, kahawai i

Region Ramp Number of
sessions

East Northland Mangonui
OpitoBay
Waitangi
Tutulcaka
Parua Bay (public]
ParuraBay(<
One Tree Poi
Manga'

Total

Hauraki Gulf S

Whangamata
Bowentown
Sulphur Point
Maketu
Whafcatane
Ohopc
Motu River
WaihauBay

Total 141 474 457 1476 3.1 495

• Two intirvicwmotaluilut ramp, due to hijtivduma of traffic



3.3 The 2002-03 sampling season
The raraos sampled, and the target number of hours of surveying were the same as Apse outlined in
I,™m-m survey (Tables 2c and 2d). The number of kahawai measured per hour of interviewing at
L KanSHauraki Gulf ramps was generally similar to that in 2000-01 and 2001-O^but in
Sav of Plenty, there has been a noticeable decline in the rate of kahawai landing^mce 2000-01.
The number of kahawai landed per hour in all three regions were lower than th«£g^rved in
imn surveys conducted in the early to mid 1990s (see Table 1). Nonetheless, sUft^terfU&fewai
measured and aged from each region to characterise catch-at-length and ca^^^trfoutions.

Table 2c: Summary statistics by region of the number of interview sessio
measurable kahawai, kahawai measured, kahawai measured per hoorand ]

Region Ramp Number of
sessions

Number
of hours

East Northland Mangonui
OpitoBay
Waitangi
Tutukaka
Parua Bay (public)
Parura Bay (club)
One Tree Point
Mangawai

Total

Hauraki Gulf Sandspit
GutfHi
Bw

462 357 1133 2.5 477

• T«o in«rvfcw« mud it this map. doe w bigh volume of wflie

8



3.4 Length and age distributions

East Northland

In all three year the length distributions of East Northland recreational kahawai landings were broad, with
a mode of three year olds (predominantly 30 to 40 cm; Appendix 3) generally evide 'y""" ~ '
distributions were dominated by 3 to 7 year old fish, which accounted for 77-80"'
There was little change in the average age of fish landed between years (5.4
examination of proportional year class strengths through time, suggests that 1
recruitment to the East Northland recreational fisheryuntil about 4 years rf
cm), after which the abundance of each year class is usually less than that <vi
distributions were both described with reasonable precision, with c.y^of 0.1
0.12-0.13 (Appendix 2) respectively.
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Figure 2: Length and age distributions (histograms) and C.V.N (solid line) of recreational landings of kahawai
in East Northland in 2000-01,2001-02 and 2002-03.



No latitudinal trends were evident in catch-at-age from East Northland ramps (Figure 3).
With the exception of Ruakaka and Parua Bay (club ramp), there were no strong between-
vear differences and any differences probably reflect variability caused by the low sample
sizes Some temporal changes are evident when monthly age distributions (across all ramps)
are compared (Figure 4). In all years, three year old fish .were more predominant in January />
landings with 4 to 6 year old fish becoming more prevalent in the la^roonths. The<X\

._f 'L __*—, ~f th\c termwmil nattern suezests that chanees in the agVc0m^fesitioiv^> \>
landings, wmi •* w <• j~*~ — » » .
consistent nature of this temporal pattern suggests that changes in the
recreational landing may be due to a mechanism such as onshore —
older fish in later months. Further evidence for such a mechams^ft
increase in the number of kahawai encountered by intemei£«|sm
(Figure 4). —

il0.6
0.4
02
0.0-t-rt

2000-01

0.8
0.4
0.2
OX)L

2 4 « ( 10 12 14 11 U 20 2 4 6 « 10 12 14 1« 18 20

Age (years)
2 4 6 8 10 12 14 11 18 20

Figure 3: Age distributions by ramp in East NortUand in 2000-01,2001-02 and 2002-03 (see Tables 2a, 2b &
2c for sample sizes).
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Figure 4: Age distributions by month in East Noi
fish measured is given for each month.
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Figure 5: Average size of kahawai caught in relation to^istance offshore (in 5 kilometre bins) by month hi
East Northland hi 2001-02 and 2002-03. Error bars denote 'standard errors and numbers denote number of
kahawai measured.
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Estimates of the distance offshore at which kahawai were caught were available for 1009 fish
measured in 2001-02 and 950 fish in 2002-03 (Figure 5). Of these, 84% and 97% respectively, were
caught less than 5 kilometres offshore, with the majority of the remainder caught within 10 kilometres
of the shore. Despite the limited number of offshore observations, there is some indication that the
average size of kahawai increases with increasing distance offshore.

HaurakJ Gulf

Marked differences in annual length compositions of Hauraki Gulf landings j
of underlying component age classes (Figure 6). Landings in 2000-01,
were strongly dominated by the 3 year old age class, evident as a length'.
In 2001-02, a 3 year old age class was once again dominant, but to aj"
year, and the resulting length distribution was more multimodal. ~
most poorly described of the three regions sampled, as '"-
interviewing has declined steadily since the early 1990s, i
(Tables 1, 2a, 2b and 2c). Length compositions were i
0.22 to 0.25. The age distributions were more prr~"
Q. 13 (Appendices 1 and 2), which is probably due I

1 S 2 0 » 3 0 3 S * 4 S M « e o e S
Ungti(«n)

t 2 3 4 S $ 7 t « 10ll12U141S1S171«ie»

Agofyxn)

Figure 6: Length and age distributions (histograms) and c.v.s (solid line) of recreational landing^ of kahawai
in tile Hauraki Guff in 2000-01,2001-02 and 2002-43.
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The predominance of 3 to 5 year old kahawai suggests that the Hauraki Gulf may act as a nursery area.
Further, this is the only region in which 1 year old fish were landed in any number. The presence of small
kahawai in Hauraki Gulf landings may also reflect region-specific differences in fisher behaviour and the
methods they employ. Lower catch rates in the Hauraki Gulf may increase the probability that small fish
are landed by fishers compared to other regions. />

2000-01
Omaha

ao.llT^IJPTT1TTTTT,,,,, O.Q 1,.,.pfllto'i'«KTTTT i. i . 1 1 1 1
2 4 6 8 10 12 14 16 1» 20 2 4 6 8 10 12 14 16 18 20 2 4 6 8 10 12 14 16 18 20

Age (years)

Figure 7: Age distributions by ramp in the HaoraW Gotf in 2000-01,2001-02 and 2002-03 (see Tables 2a, 2b
& 2c for sample sizes).
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Ramp-specific age distributions were characteristically dominated by 3 year olds, except for Te Kouma in
later years (Figure 7). Those ramps at the head of the Hauraki Gulf showed a greater similarity to
neighbouring ramps in East Northland and the Bay of Plenty (see Figures 3 and 10). In contrast to the
other two regions, ramp-specific age distributions in the Hauraki Gulf show marked differences between
years, although this may be due to variability arising from the small sample sizes obtained (Tables 2a, 2b
and 2c), and movements by kahawai schools in relation of variable climaticc^ditions. Cursor'
examination of monthly age distributions through time, suggest that the age stractar^Be&fna inc
broad as the sampling season progressed (Figure 8). In the last two years, there r£>oris^erfkgestioi
increase in the number of kahawai landed by recreational fishers in later i "^

2000-01

n»466

^T ,̂ , , , , , , -~ ilWOTTTTiTil i nun
\X> 6 8 10 12 14 16 1$ 20 2 4 6 8 10 12 14 16 18 20

Age (years)

ins by montfa^he Hauraki Golf in 2000-01,2001-02 and 2002-03. The number of

i abundance and size of kahawai landed with respect to distance offshore
shape of the coastline, and abundance of islands makes any such

„,.y length distributions were characteristically dominated by fish in the larger length classes
ueat around 50 cm (Figure 9). In 2000-01 the Bay of Plenty age distribution was more broadly

WVkJ than elsewhere, with over 44% of the kahawai landed being 7 years or older. As the relatively
us 8 to 11 year old age classes (in 2000-01) declined in the later two years, the average age of

jwutfwai has also declined, from 6.6 to 5.8 years of age. While kahawai catch rates in the Bay of Plenty
are relatively high, compared to elsewhere, the number of kahawai landed per hour of interviewing has
declined markedly over the survey period, which may indicate a decline in local abundance (Tables 2a,
2b and 2c). The precision of annual length and age compositions ranged from 0.14 to 0.18 (Appendices 1
and 2).
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2000-01

0.4 • 0.4 n

2001-02

Whitianga

2002-03

by ramp in the Bay of Plenty in 2000-01,2001-02 and 2002-03 (see Tables 2a,2b

I or spatial trends are evident in ramp-specific age distributions (Figure 10). The age
; kahawai landed at neighbouring ramps often differed markedly during the same survey

aly reflecting differing degrees of mobility by the local fishing community, or high spatial
Sgeneity in the kahawai population. Although no consistent trends are evident in monthly age
buttons, the number of kahawai landed and measured by boat ramp interviewers was generally

greater in March and April (Figure 11).

Estimates of the distance offshore that kahawai were caught were available for 1385 fish in 2001-02
and 817 fish in 2002-03 (Figure 5). Of these, 72% and 80% respectively, were caught less than 5
kilometres offshore, with the much of the remainder caught within 10 kilometres of the shore. There
was some indication of an increase in the size of kahawai landed with increasing distance offshore.
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Figure 11: Age distributions by month in the
of fish measured is given for each month.
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Figure 12: Avenge size of fcahayrai caught in relation to distance offshore (in 5 kilometre bins) by month in
the Bay of Plenty in 2001-02 and 2002-03. Error bars denote standard errors and numbers denote number of
kahawai measured.
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3.5 Growth rate estimates

On a regional basis, there is a marked similarity between the growth curves derived from each of the
S^TSrws (Figure 13, Table 3). Slight differences are evident when regional growth curves are
Tnted^owever for example the East Northland curves are steeper. To some extent the shape of
he^wTc^s will be determined by the availability of the ̂ ™*^&& ""fv
whcSuence the fitting of von Bertalanffy parameters. In the Haurafa <*%&&^^
±enilefish are more common, the ascendant left hand tab of the curve W^k^bed
Tcurately and precisely than in other regions, where fewer small **$ ^
BeiSnffy growtii curves derived from the last three years are steeper rnap^se^vumsly d
for males and females in KAH 1 (McKenzie et al 1992).

Table 3: Von Bertalanffy growth parametersi derivedI from
iLt Northland, the Haurakl Golf and the Bay of Plenty

îTevioudy reported for KAH 1, and currently «*
given for comparison (McKenzie etal 1992). /

Region
f

past Northland

Hauraki Gulf

Year

2000-01
2001-02
2002-03

Bay of Plenty

Plenary
Plenary KAH 1

18



East Northland

Figure 13: Comparison of von Bertalanffy growth curves derived from kahawai sampled from
recreational catches in East Northland, the Hauraki Gulf and the Bay of Plenty (unsexed) in 2000-01,
2001-02 and 2002-03, with those previously reported for males and females in KAH 1 (McKenzie et al.
1992).
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4. Discussion
Obtaining sufficient length at age samples from a region's recreational fishery is an uncertain process.
Unlike commercial fisheries, where annual catch levels are largely determined by TACCs,
recreational fishing effort, and kahawai landings vary depending on prevailing weafoer patterns and
local catch rates In East Northland and the Hauraki Gulf, the number of kahawai i-»^ «~ h™, „*
interviewing was consistently lower than experienced on average during the »«
boat ramp surveys. It is not clear whether this is due to a reduction in o—
reduced kahawai catch rates by recreational fishers, although anecdotal -
kahawai catch rates have fallen in recent years. Although fewer kahr-
Dreferred target sample of 1500 fish, analytically derived mean weight
and age compositions of the regional populations have still been d*scn
(<0.2).

per hour of/
and 1<

'ort
suessstsx

st that <

<o: reasc Je pn^ision

There are clear regional differences in the length and^
catches and these differences are consistent across ye~
comprised of relatively, small younger fish, with
kahawai length distribution, dominated by fishofCn
distribution was mainly comprised of larger̂
These patterns are broadly consistent with "
1990s (Bradford 2000; Figures 1 to 3). Ox&
have become increasingly similar to those of

itions <frf( recbpJjrtional kahawai
ion was largely

(^rthla0d'<fegi^Jiaving the broadest
wiffle the Bay of Plenty

•lying age distribution,
"survey data from the early
Northland age distributions

yof]

In all three regions, localised
variable, both spatially
schooling behaviour of
small spatial scales of
hence age) from one
within each region
Comparison
some biolo
e.g. EastNi

landings at individual ramps were
not surprising given the size-specific

of fish measured at individual ramps. Over
'f one or two weeks, fish of a similar size (and

at a given ramp. When catch data from all ramps
tent age distributions emerge, as discussed above,
regions suggest that the regional boundaries have

although there is still some cross-boundary similarity

In
O'

Baywrfenty, the age distribution of landed kahawai appeared to broaden
^ i r the r , in all three regions the number of kahawai encountered by boat

_ ly greater in the second half of the survey. These observations are
"migration of sexually mature kahawai in the autumn, following spawning

_/ and February (60-100 m; Annala et al. 2003). Interannual variability in
>ly influences spawning and schooling behaviour. Over the last three years,

..,__ieastern coastal climate has gone from mild La Nina conditions (onshore north-
predominating with associated wanner than average water temperatures) to those

/El Nino conditions (offshore south-westerly winds predominating and colder than
•) Although interannual variability in the timing of onshore migrations may affect the
of age distributions between regions and years, future surveys should still take place

'same four-month period to help maintain consistency. Recreational fishing activity before
JaSmrjTis too low and erratic, and the ageing of kahawai collected after April is problematic given the
timing of otolith ring deposition.

When regional growth rates are compared between years, they appear to be similar, which suggests
that length and age data from all three regions could potentially be combined to provide a more
comorehensive age-length key. However, if kahawai movements between areas are size related, and
vear specific as suggested by the differences between regional length and age distributions, the use of
a combined age-lens* key may introduce bias to the age distributions, which is highly undesirable.

/the
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As in all ageing studies, the possibility and likelihood of ageing error should be considered when
interpreting age distributions and growth rates. Although consistent relative year class strengths and
growth rates suggest that ageing error is not excessive, the magnitude of this issue remains uncertain.
Stevens and Kalish (1998) used repeated readings from a single reader to infer possible levels of
reader error when interpreting structures in this sectioned otoliths. In this study, we used three
independent readers to reduce the probability of reader error, but it is highly unlikely/ageing error has
been totally eliminated. Further, we used the thin sectioning otolith preparation t%xqnty&^$ Stevej
and Kalish (1998) concluded that this approach gave the most reliable
Difficulty was experienced, when interpreting growth structures on the n
late April, as ring deposition appears to occur in some, but not all fish,
kahawai collected later than early April should therefore be avoided
already available.

The von Bertalanffy curves derived from the last three years
Annala (2003), possibly more so in East Northland. Growth/
assessment purposes are those obtained by McKenzie,
from the more selective commercial purse seine and '
representative than those derived from this study/
specific, yet Bradford (1998), found little evidenc^eT&ff^feefcuaf dimor

in the
1 stock

__ were derived
ifore probably less
estimates are sex-

iwth rates.

The relationship between the size and
distance offshore, by month, was inves
in 2001-02 and 2002-03. There i§ "
increasing distance offshore. Ho
the tendency for experienced ~
only used for live bait, w"
relating to kahawai cau;
the distance offshore
because region
datasets together

relative to estimates of the
orthland and the Bay of Plenty

in the size of fish landed with
influenced by fisher effects, such as

not land juvenile kahawai, which are
ler limitation of these results is the lack data

East Northland. The relationship between
ight for all regions combined was not examined

ions differ, and a suitable means of weighting these
it trends should therefore be interpreted cautiously.

emenl$\yp>
><\/

SmUh\ari4\§aHKTon Walsh for their skill and care in ageing the otoliths and the
, most of whom took part in all three surveys. Thanks are also due to

thorough and constructive review of an earlier draft, and to members of
ip who attended presentations on the results of the 2001 and 2002 surveys,
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Appendix 1: Estimated proportions at length and C.Y.S fof kahawai sampled from recreational
fishers in East Northland, Hauraki Gulf and the Bay of Plenty in 2000-01,2001-02 and 2002-03

P.I - proportion offish in length class. n = total number offish sampled.
c.v. - coefficient of variation. IH.W.C.V. = mean weighted c.v.

Estimates of the proportion at length of kahawai from East Northland in 2000-01,2001-02 and 2002-03

Length
(cm)
10
11
12
13
14
15
16
17
18
19
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,

2000-01 2001-02

65
66
67
68
69
70

m.w.c.v.

P.L

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
o.oopo
0.0000
0.0008
0.0000
0.0000
0.0008
0.0040
0.0065
0.0048
0.0032
0.0097
0.0097
0.0129
0.0186
0.0234
0.0339
0.0517
0.0395
0.0379
0.0323
0.0379
0.0412
0.0
0.0
O.C
0.(
0.0478

c.v.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.0.00
0.00
1.00
0.00
0.00
1.00
0.53
0.43
0.46
0.50
0.32
0.33
0.27
0.22
0.20
0.17
0.17
0.15
0.1
0.18
1.1s"

P.L

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0008
0.0000
0.0000
0.0015
0.0023
0.0046
0.0068
0.(
0.(
0.0091

c.v.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
TOTT
0.00
0.00

32
0.0008
0.0000
0.0016
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1239

1/18
0.17
0.20
0.24
0.26
035
0.50
1.00
0.00
0.71
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.17

478
0.0577
0.0781
0.0766
0.0797
0.0690
0.0486
0.0432
0.0417
0.0281
0.02SO
0.0212
0.0137
0.0068
0.0061
0.0023
0.0015
0.0008
0.0008
0.0000
0.0008
0.0000
0.0000
0.0008
0.0000
0.0000
0.0000

1318

0.23
S0.21
'0.22
0.17
0.15
0.14
0.12
0.12
0.10
0.10
0.11
0.11
0.13
0.13
0.13
0.17
0.18
0.20
0.23
033
035
058
0.71
1.00
1.00
0.00
1.00
0.00
0.00
1.00
0.00
0.00
0.00

0.17

1.0112
0.0069
0.0112
0.0215
0.0396
0.0534
0.0517
0.0301
0.0250
0.0370
0.0233
0.0198
0.0224
0.0474
0.0457
0.0422
0.0577
0.0835
0.0655
0.0732
0.0500
0.0439
0.0319
0.0189
0.0172
0.0095
0.0052
0.0017
0.0017
0.0017
0.0000
0.0009
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1171

0.50
0.44
0.31
0.35
0.51
0.38
0.35
0.31
0.23
0.18
0.18
0.17
0.19
0.18
0.17
0.19
0.20
0.21
0.14
0.15
0.15
0.13
0.11
0.12
0.12
0.14
0.15
0.19
0.21
0.22
035
0.47
0.71
0.70
0.71
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.18
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Appendix 1 - continued:
Estimates of the proportion at length of kahawai from the Hauraki Gulf in 2000-4)1,2001-02 and 'A

Length
(cm)
10
11
12
13
14
15
16
17
18
19
20
21
22
23
£4
25is
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

2000-01
P.i.

0.0000
0.0000
0.0000
0.0000
0.0000
0.0011
0.0000
0.0022
0.0045
0.0101
0.0045
0.0000
0.0000
0.0045
0.0090
0.0123
0.0191
0.0247
0.0426
0.0224
0.0370
0.0549
0.0673
0.0751
0.0807
0.0830
0.0561
0.0415
0.0325
0.0224
0.0404
0.034*>
0.026V
O.M79/1/O.OIHS

/\0.0168\

C.V.

0.00
0.00
0.00
0.00
0.00
1.00
0.00
0.99
0.99
0.61
0.60
0.00
0.00
0.61
0.46
0.42
0.38
0.26
0.19
0.23
0.18
0.15
0.15
0.13
0.12
0.13
0.15"
O.KI
O.W.

f*Q
YEP"Vr> x-P' /¥*/Aw

/0.27

2001-02

64
65
66
67
68
69
70

KI.WJC.V.

11
0.0022
0.0011
0.0011
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

892

030
033
0.50
1.00
0.71
1.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.22

c.v.

0.00
0.00
0.00
0.00
0.00
1.00
1.00
0.00
0.00
0.00
0.00
0.71
0.

P.i.
0.0000
0.0000
0.0000
0.0000
0.0000
0.0013
0.0013
0.0000
0.0000
0.0000
0.0000
0.0025
0.0038
0.0051
0.0280
0.0433
0.0534
O.C
0.(
0.0127^

03
,0.0267
0.0420
0.0318
0.0433
0.0293
0.0331
0.0165
0.0191
0.0051
0.0165
0.0140
0.0089
0.0064
0.0051
0.0013
0.0000
0.0025
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

786

0.17
0.23

'0.24
0.24
0.23
0.22
0.24
0.24
0.18
0.23
0.21
0.21
0.23
0.29
0.25
0.49
0.29
0.29
0.37
0.53
0.50
1.00
0.00
0.71
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.25

61
0.0239
0.0375
0.0500
0.0523
0.0830
0.0898
0.0841
0.0477
0.0216
0.0205
0.0193
0.0330
0.0216
0.0318
0.0205
0.0205
0.0250
0.0216
0.0261
0.0193
0.0216
0.0205
0.0080
0.0125
0.0057
0.0057
0.0057
0.0011
0.0011
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

880

0.41
0.29
0.26
0.23
0.20
0.21
0.29
0.21
0.17
0.16
0.14
0.13
0.15
0.17
013
0.24
0.23
0.19
0.28
0.21
0.23
030
024
0.23
0.21
0.24
0.26
0.27
038
0.32
0.45
0.45
0.44
1.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.22
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Appendix 1 -continued:
Estimates of the proportion at length of kahawai from the Bay of Plenty in 2000-01,2001-02 and 2002

0.0027
>0.0018
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1104
M.W.C.V.

0.19
0.26
0.34
053
0.57
0.71
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.18

D.0454
'0.0515
0.0596
0.0996
0.0610
0.0738
0.0637
0.0454
0.0379
0.0210
0.0136
0.0061
0.0014
0.0041
0.0027
0.0007
0.0000
0.0007
0.0007
0.0007
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1476

0.18
^0.17

B.14
0.13
0.13
0.13
0.12
0.13
0.14
0.11
0.10
0.08
0.11
0.10
0.10
0.12
0.13
0.19
0.23
0.33
0.70
0.41
0.50
1.00
0.00
1.00
1.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00

0.15

0.0071
0.0221
0.0282
0.0318
0.0247
0.0221
0.0265
0.0318
0.0477
0.0415
0.0406
0.0335
0.0397
0.0415
0.0450
0.0556
0.0724
0.0759
0.0812
0.0565
0.0503
0.0300
0.0168
0.0106
0.0044
0X026
0.0009
0.0018
0.0000
0.0009
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1133

0.37
0.43
0.33
0.49
0.37
0.47
0.40
0.34
0.24
0.21
0.20
0.20
0.23
0.19
0.17
0.14
0.14
0.14
0.20
0.16
0.15
0.15
0.13
0.11
0.10
0.10
0.12
0.14
0.17
0.24
0.29
0.45
038
1.00
0.71
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.17
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Appendix 2: Estimated proportions at age and C.YJS of kahawai sampled from recreational
fishers in East Northland, Hauraki Gulf and the Bay of Plenty in 2000-01,2001-02 and 2002-03

P.j. = proportion of fish in age class. n = total number of fish sampled,
c.v. = coefficient of variation. m.w.c.v. = mean weighted c.v.

Estimates of the proportion at age of kahawai from East Northland in 2000-01,2001-02 and

the Haurati Gulf in 2000-01,2001-02 and 2002-03

W.W.C.V.

01.46
1.07
0.77
0.45
0.52
0.32
0.49
0.83
0.50
1.12
0.00
0.00
0.00
0.00
0.00

0.11

0.0025
0.0581
0.4188
0.1835
0.1067
0.0615
O.OS91
0.0313
0.0080
0.0098
0.0164
0.0083
0.0084
0.0207
0.0028
0.0000
0.0015
0.0000
0.0000
0.0000
500

0.71
0.17
0.05
0.09
0.13
0.17
0.17
0.27
0.52
0.50
0.35
0.53
0.56
0.33
1.02
0.00
1.07
0.00
0.00
0.00

0.13

2002-03
Pj.

0.0000
0.1618
0.4677
0.1498
0.0514
0.0430
0.0397
0.0210
0.0177
0.0096
0.0119
0.0076
0.0113
0.0029
0.0011
0.0000
0.0011
0.0000
0.0000
0.0000

527

C.V.

0.00
0.08
0.03
0.10
0.21
0.25
0.26
0.30
036
0.55
0.44
0.64
0.49
1.03
1.09
0.00
1.09
0.00
0.00
0.00

0.12

?i
si.
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Appendix 2 - continued:
Estimates of the proportion at age of kahawai from the Bay of Plenty in 2000-01,2001-021

Age
(years)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
>19
n
m.w.c.v.

2001-02
P-J.

0.0000
0.0075
0.0768
0.1807
0.1747
0.1464
0.1234
0=091-3
0.0482
0.0187
0.0556
0.0448
0.0147
0.0037<
O.C
O.C
O.C

C.v.

0.00
0.39
0.13
0.08
0.09
0.11
0.12
OrlS
0.

2000-01
P.j.

0.0000
0.0101
0.1405
0.1482
0.1331
0.1217
0.1244
0.0596
0.0558
0.0650
0.0669
0.0158
0.0123
0.0098
0.0120
0.0130
0.0015
0.0015
0.0026
0.0027

457

C.V.

0.00
0.32
0.08
0.09
0.11
0.13
0.13
0.22
0.21
0.20
0.19
0.38
0.47
0.64
0.56
0.44
1.05
1.05
1.01
0.58

0.16
0.14

--V-:
i,4
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Appendix 3: Age-length keys derived from otollth samples collected from recreational fishers from East Northland in 2000-01,2001-02
and 2002-03.

Estimates of proportion of length at age for kahawai sampled from the East Northland recreational fishery, January to April 2000-01.
(Note: Aged to 01/01/01)

Lengih . ,—.—___ . //s$w. (years! No.<
(cm) I

Total 517
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Appendix 3 — continual:

Estimates of proportion of length at age for klhawai sampled from the East Northland recreational fishery, Jaauary to April 2001-02.

Length
(cm)

Total
526

..... __ -... .

1
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Appendix 3 - continued:

Estimates of proportion of length at age for kahawai sampled from the East Northland recreational fishery, January to April 2002-03.
(Note: Aged to 01/01/03)

Length
(cm)

Age (years)
19 >ia

\

0
0

s°
>
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

,w\ <°
\>o

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

~-v
>o

0
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Appendix 4: Age-length keys derived from otolith samples collected from recreational fishers from the Hauraki Gulf in 2000-01
2001-4)2 and 2002-03.

Estimates of proportion of length at age for kahawai sampled from the Hauraki Gulf recreational fishery, January to April 2000-01
(Note: Aged to 01/01/01)
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Appendix 4 - continued:

Estimates of proportion of length at age for kahawal sampled from the Hauraki Gulf recreational fishery, January to April 2001-02.
(Note: Aged to 01/01/02)

Total 500
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Appendix 4 - continued:

Estimates of proportion of length at age for kahawai sampled from the Hauraki Gulf recreational fishery, January to April 200Z-03
(Note: Aged to 01/01/03)

Length
(cm)

Total
527
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Appendix 5: Age-length keys derived from otollth samples collected from recreational fishers from the Bay of Plenty in 2000-01,
2001-02 and 2002-03.

Estimates of proportion of length at age for kahawai sampled from the Bay of Plenty recreational fishery, January to April 2000-01.
(Note: Aged to 01701/01)
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Appendix 5 - continued:
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Estimates of proportion of length at age for knhawai sampled from the Bay of Plenty recreational fishery, January to April 2001-02.
(Note: Aged to 01/01/02)

Length
(cm)

Total 495
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Appendix 5-continued:

E^tesofprap.rtionoflength.tageforkah.^i sampled from the Bay of PUnty recreational fishery,

(Note: Aged to 01/01/03)

Length
(cm)

January to April 2002-03.

Age (yeans) No.
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EXECUTIVE SUMMARY

Armiger, H.; Hartill, R; Tasker, R; Smith, ML; Griggs, L. (2005). Length and age compositions
of recreational landings of kahawai in KAH1 in January to April 2003-04 and 2004-05.

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

Landing sampling programmes are often used to provide length and age data for fisheries assessments.
Usually, commercial landings are sampled as they provide the most insight into changes in length and
age structure through time. Kahawai school by size, however, and commercial landings are usually
composed of fish from only one or two schools. Length and age distributions sampled from individual
landings therefore tend to be narrow and highly variable between landings, and are therefore limited in
their utility. Recreational fisheries, however, are composed of thousands of trips, which sample a
greater number of schools at a much lower level of intensity, and are therefore more likely to reflect
changes in the underlying population. Resultant length frequency distributions tend to be more
unimodal, with any secondary peaks probably reflecting strong year classes rather than the influence
of individual schools. Further, there is no minimum legal size for kahawai and recreational fishers
therefore tend to land a greater size range of kahawai, in addition to providing a mote accurate insight
into the population in the area fished.

Dedicated sampling of recreational landings of kahawai was initiated (as part of the Ministry of
Fisheries programme KAH2000/01) in the summer of 2000-01, and continued for a further two years.
This report documents the results of an additional two years sampling, undertaken as part of the
Ministry of Fisheries programme KAH2003/01. The methods and sample design used in 2003-04 and
2004-05 were closely based on that used in the preceding three years. Noticeably fewer kahawai were
encountered by boat ramp interviewers in the Hauraki Gulf and Bay of Plenty, despite far more
intensive sampling effort resulting from another two concurrent programmes (REC2002/02 and
REC2004/01). Sampling in the eastern Bay of Plenty in 2004 was also hampered by a rahui (fishery
closure by local iwi) which halted fishing for several months, and also by staff shortages. Despite
these problems, regional kahawai length and age compositions were described with satisfactory
precision.

Regional length and age compositions derived from recreational landings sampled in both 2003-04
and 2004-05 are broadly consistent with patterns and trends seen in previous years. The East
Northland population has become increasingly dominated by larger, older fish, and the age
composition is now far more similar to that of the Bay of Plenty than it was five years ago. In contrast,
the Hauraki Gulf population is composed of smaller, younger fish, with poor representation of the
older age classes seen elsewhere. Probably the most abundant component of the KAH 1 population is
lhat found in the Bay of Plenty, which now has a broad age distribution, predominantly composed of 3
to 11 year old fish.

When the results from this survey are combined with those of the previous three years, a time series of
regional length and age distributions emerges which provides a key component of any future stock
assessment of KAH I. The manner in which these data will be used is partially dependent on our
understanding of movement by a species which is commonly regarded as highly mobile. A cursory
examination of data available from tagging programmes conducted in the early 1980s and in 1991
suggest that despite this mobility, 80-90% of kahawai remain resident within KAH 1, and that
emigration within and between stocks/substocks is at least partially size dependent. If future stock
assessments move away from the single stock approach used previously, and focus on KAH 1 (the
only Quota Management Area for which an age structured modelling approach is currently possible),
the possible influence of size-dependent movement should be explicitly considered This may involve
a more detailed analysis of the available tag/recapture data, which should consider the relative
exploitation rates of substocks, and non-independence of observations arising from recapture events
involving more than one fish, that were tagged during the same release event



1. INTRODUCTION

Many fisheries are monitored using catch-at-age and catch-at-length data, which have been collected
from commercial landings. Kahawai (Arripis trutta) school by size, however, and individual
commercial landings, composed of fish from only one or two schools, can provide a very misleading
description of the wider population structure when a limited number of landings are sampled. For
example, amalgamated length frequencies collected from commercial purse seine landings in 1990-91
and 1991-92 were multimodal, and McKenzie & Tnisewich (NIWA, Auckland, unpublished results)
concluded that this was probably an artefact of the way the purse seine fleet operated, rather than an
intrinsic feature of the Bay of Plenty population. While comprehensive sampling of commercial
catches can be used to characterise commercial extraction, these samples cannot be considered
indicative of the underlying population length and age structure, as the fishery operates non-randomly
in space and time.

Recreational fisheries probably provide a more representative description of the local kahawai
population, as a wider range of schools is sampled at a far lower intensity, thus lessening the influence
of any single school (Bradford 2000). Further, recreational fishers catch, and tend to land, a wider size
range of fish than their commercial counterparts (Bradford 1999). A time series of recreational catch-
at-age estimates should therefore provide better insight into changes in population age composition,
which may be used to monitor the fishery. For this reason, dedicated sampling of recreational landings
of kahawai was initiated in the summer of 2000-01, and continued for a further two years, as part of
the Ministry of Fisheries programme KAH2002/02 (Hartill et al. 2004). This report documents the
results of a further two years sampling, undertaken as part of the Ministry of Fisheries programme
KAH2003/01.

Overall Objective

1. To monitor the status of the kahawai (Arripis trutta) stocks.

Specific Objectives

1. To conduct the sampling and determine the length and age composition of the recreational
landings of kahawai in KAH 1 for the 2003/04 fishing year. The target coefficient of variation
(c.v.) for the catch at age will be 30% (mean weighted c. v. across all age classes).

2. To conduct the sampling and determine the length and age composition of the recreational
landings of kahawai in KAH 1 for the 2004/05 fishing year. The target coefficient of variation
(c.v.) for the catch at age will be 30% (mean weighted c.v. across all age classes).

3. To assess the feasibility of using recreational CPUE as an index of kahawai abundance.

Work associated with the third specific objective is documented in a Final Research Report for
KAH200401, which characterises New Zealand's fisheries (Hartill & Walsh 2005).

2. METHODS

2.1 Previous boat ramp surveys

In 1990-91, a survey was conducted to collect baseline information on harvest rates by recreational
fishers interviewed at boat ramps throughout the Auckland Fisheries Management Area ^Sylvester] .
1993). Most interviewing occurred on weekends between Boxing Day 1990 and June 1991. The main
objective of a further survey in 1994 was to verify aspects of a concurrent recreational fisher diary
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survey. The length compositions of recreational catches measured during boat ramp interviews were
compared with those reported by diarists. These boat ramp data were also used in conjunction with an
aerial survey to estimate harvest from the Hauraki Gulf, which was compared with that derived from
the diary programme (Sylvester 1994). In 19%, a nationwide boat ramp survey was carried out to
estimate the mean weights of fish species caught by recreational fishers (Hartill et al. 1998). These
mean weights were used in conjunction with estimates of the numbers of fish taken, derived from a
telephone diary survey, to provide estimates of the national recreational harvest of key species
(Bradford 1998a).

Although kahawai length frequency data are available from these boat ramp interviews, the underlying
survey designs differed both spatially and temporally, and no age data were collected concurrently.
Nonetheless, in a review of data collected from these surveys, Bradford (2000) suggested that
sufficient kahawai were landed by recreational fishers to support a length and age catch sampling
programme in KAH 1. Consequently, a three year recreational catch sampling programme was
initiated in January 2001 (KAH2000/01; Hartill et al. 2004). In the first four months of each year,
when fishing effort peaked, recreational landings of kahawai were sampled at key boat ramps
throughout KAH 1. All available kahawai were measured, and otoliths were collected from a sizeable
proportion of these fish. These data were then used to derive length and age distributions for three
putative KAH 1 substocks: East Northland, Hauraki Gulf, and the Bay of Plenty.

This programme is essentially a two year extension of the previous three year programme. The
methods used in this programme are therefore essentially the same as those used previously
(KAH2000/01) and are discussed below.

2.2 Sample design

The sample design used in the 2003-04 and 2004-05 surveys was based on data collected from boat
ramp surveys conducted in 2000-01, 2001-02, and 2002-03. Kahawai length data and age
distributions from these surveys (and length data from previous surveys in 1991, 1994, and 1996)
strongly suggest that there were substantive regional differences in the length frequency compositions
of kahawai caught by recreational fishers in East Northland, the Hauraki Gulf, and Bay of Plenty
(Bradford 1999, Hartill et al. 1998, 2004). Separate boat ramp surveys were therefore conducted in
each of these regions (Figure 1) with concurrent collection of length and age samples from
recreational landings of kahawai.

Sampling of recreational catches was restricted to a four-month season, 1 January to 30 April, which
corresponds approximately to the peak of the recreational fishing season, when kahawai landings were
likely to be most abundant. Restriction of sampling to a four-month season was also desirable, as a
longer collection period would have increased the likelihood of growth distorting an age-length-key.
Further, as otolith ring deposition occurs during the onset of winter (Stevens & Kalish 1998)
collection of otoliths in early winter should be avoided, as ambiguous structures on the edge of the
otolith may result in ageing error.

Target levels of sampling effort (excluding synergies arising from REC2002/02 and REC 2004/01 as
discussed below) were based on those used in the three previous years, and are given in Table 1. The
basis for these targets is a recommendation by Bradford (2000) that 400-500 kahawai should be aged
to give a reasonable approximation of the relationship between length and age, and hence, potentially,
a population's age structure. A further recommendation from this study was that as many fish as
possible, preferably 1500 (E. Bradford pers comm.) should be measured to provide a reliable length
frequency distribution. The timing and intensity of recreational landings of kahawai is, however,
difficult to predict given interannual variability in fishing effort and the spatially dynamic nature of
kahawai schooling behaviour. A reasonable intensity of sampling effort was therefore required in
space and time so that appreciable landings of kahawai can be sampled, if and when they occur. In
2000-01, 2001-02, and 2002-03 this level of sampling yielded sufficient length and age data to



characterise catch distributions with mean weighted coefficients of variation (mwcvs) of generally less
than 0.20, which is considered an acceptable level of precision. The required level of precision for
catch-at-age distributions generated from this programme is 0.30, as specified in the objectives.
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Figure 1: KAH 1 substock boundaries and location of boat ramp interview sites.

Sampling sessions at each ramp were randomly assigned to weekends and public holidays between
1 January and 30 April. In 2003-04, interviewing in East Northland and the Bay of Plenty took place
solely on weekends and public holidays, when most recreational fishing usually occurs. If East
Northland and Bay of Plenty based interviewers found that there were strong onshore winds or local
competitions on any of the randomly preassigned dates, sampling took place on the next available
weekend/holiday day. In the Hauraki Gulf, however, sampling effort was augmented by a concurrent



recreational harvest programme in the Hauraki Gulf in 2003-04 (REC2002/02) which involved
intensive boat ramp interviewing.

Table 1: Sample design used in KAH 1 recreational fishery sampling programmes since 2000-01.

Region Number Session Number of Total hours Target no. Target age
of ramps length (h) sessions interviewing measured sample

East Northland 8 6 28 1344 1500 500
Hauraki Gulf 11 6 21 1386 1500 500
Bay of Plenty 9 4 12 432 1500 500

In 2004-05, the number of hours of interviewing in all three areas greatly exceeded the sampling
design because of a large scale concurrent recreational harvest estimation programme (REC200401).
Boat ramp interviewers were therefore present on randomly preassigned days only, regardless of the
prevailing weather conditions. Nonetheless, more fishers were interviewed than in previous years,
although much of this additional interviewing took place during the working week. The introduction
of weekday sampling in the Hauraki Gulf in 2003-04 and all three areas in 2004-05 is unlikely to
influence the size and age composition of landings, as results from the 1996 boat ramp survey
demonstrated that there were no substantive differences between length frequencies of commonly
caught species during weekdays and weekends (Hartill et aL 1998).

Interviews followed the format of those undertaken in all previous surveys to ensure that the data were
collected in a consistent manner. When more than one vessel approached a ramp simultaneously, a
vessel was chosen randomly before landing. When fishers landing kahawai were encountered, all fish,
including kahawai, were measured. For ageing purposes, kahawai were selected at random from each
vessel's catch, from which no more than four fish were taken. As age samples were collected
randomly, the length distribution of the age sample should broadly reflect the length distribution of the
landed catch. Kahawai otoliths are fragile and time consuming to extract and interviewers therefore
asked permission to cut the head off at the gills. Most of recreational fishers permitted the interviewer
to remove heads from their kahawai. These heads were retained by the interviewer together with a
record of the fish's length, and a code linking the head to other data collected during the interview.
Kahawai were not sexed, as there is no apparent sexual dimorphism in growth rates (Bradford 1998b).
Otoliths were extracted from these heads at a later date.

2.3 Ageing of kahawai otoliths

Kahawai otoliths were prepared using the thin section method described by Stevens & Kalish (1998).
Each otolith was marked across an intended sectioning plane passing through the nucleus. Each otolith
was then imbedded in a disposable epoxy mould with three other otoliths so that their nuclei were at
the same level. Once the resin hardened, a thin transverse section was cut out of each epoxy block
with a Struers Accutom-2 low speed saw. One side of this section was then ground, polished, and
mounted polished side down on a slide using 5-minute epoxy resin. After at least 1 hour, the material
attached to each slide was sectioned again (to a thickness of approximately 250 to 350 um) and briefly
polished with 400 grit carborundum paper. These slides were then sprayed with artists lacquer.

To improve clarity, a thin layer of immersion oil was brushed over each slide and reading took place
under transmitted light Three readers were used to interpret the thin sectioned otoliths and
disagreements in interpretation were resolved using a method similar to that used for snapper (Davies
& Walsh 1995) which was as follows:

• each reader independently read all otoliths collected from a region;



• disagreements between the three readers' initial age estimates were identified and where one or
more readers failed to agree in their initial interpretation of an otolith, those readers reread the
otolith with no knowledge of any prior age estimates;

• remaining disagreements were resolved by discussing images of otoliths projected onto a video
screen until a consensus was reached; and

• if no consensus could be reached, the otolith was discarded from the dataset.

Very few otoliths were discarded in practice, and when this occurred, both otoliths were usually
deformed and, hence, unreadable.

2.4 Data analysis

Proportional catch-at-length and catch-at-age distributions and analytical variance estimates were
calculated for each region using a FORTRAN program developed for a snapper market sampling
programme (Davies & Walsh 1995). Vessels landing kahawai were regarded as individual strata, which
were weighted on the basis of the number of kahawai landed. The distribution of fish at age within
length classes (an age-length key) was derived for each region, and used to translate the regional
length distributions into .estimates of recreational ratchrat7age. Proportional catch-at-age estimates
were calculated for the range of age classes recruited, with the maximum age being an aggregate of all
age classes greater than 19 years. Recreational catch-at-age and length frequency distributions and their
associated variances were presented in the form of histograms and tables.

For each region, catch-at-age distributions were derived for each of the four months sampled using Hie
same analytical approach used to derive regional distributions. Regional age-length-keys were used to
derive these age distributions, as the number of kahawai aged from each month was considered
insufficient to describe the underlying length-age relationship. This assumes that the month of
sampling has little influence on the relationship between length and age within a region. Temporal
trends in the underlying age composition of the regional kahawai populations fished by recreational
fishers were then inferred from these histograms. Estimates of precision (mwcvs) were not calculated
for monthly distributions due to the low sample sizes of the component strata.

3. RESULTS

3.1 The 2003-04 sampling season

A network of interviewers was established at 28 key boat ramps in East Northland, the Hauraki Gulf,
and the Bay of Plenty (Figure 1). During the 2003-04 sampling season in the Hauraki Gulf the
number of hours spent interviewing recreational fishers was almost twice that of previous years, yet
far fewer kahawai were encountered than in previous years (Table 2). In same year in the eastern Bay
of Plenty there was a rahui in place which halted all fishing effort at the Motu River and Waihau Bay.
Very few hours of interviewing therefore took place at these ramps, although good numbers of
kahawai were measured when fishing took place.

3.2 The 2004-05 sampling season

In 2004-05, the number of hours of interviewing in all three regions greatly exceeded the sampling
design because of a parallel large scale recreational harvest survey (REC2004/01). Again, far fewer
kahawai were encountered, especially in the Hauraki Gulf and Bay of Plenty regions (Table 2). In the
eastern Bay of Plenty, lack of suitable interviewers at the Motu River, and to a lesser extent Waihau
Bay, limited the data that could be collected from these areas.



3.3 Length and age distributions

3.3.1 East Northland

The length distribution of East Northland recreational kahawai landings in both 2003-04 and 2004-05
was typically broad, and dominated by a mode at about 50 cm, which has been progressing through length
compositions described over the last five years (Figure 2). This progression has resulted in an increasingly
even and broad age distribution, reflecting either better than average year class strengths 9 or 10 years
ago, or poor recruitment in recent years relative to that of the older age classes. Length and age
distributions were both described with reasonable precision, with mwcvs of 0.20 in 2003-04 and 0.19 in
2004-05 (Appendix 1) and 0.14 for both years (Appendix 2). In this region, most kahawai recruit into the
fishery at about 3 years of age, which corresponds to a length mode of about 30 to 40 cm (Appendix 3).

Comparisons of monthly age distributions (across all ramps) suggest that there are some temporal
changes in the age composition of kahawai landings during the survey (Figure 3). In all years, 2 to 4
year old fish were more predominant at the beginning of the survey, in January, than later, in April.
There was usually a marked increase in the number of kahawai encountered by boat ramp interviewers
in March and April, which suggests that changes in the age composition of recreational landing may
be due to a mechanism such as onshore movement of schools of older fish in later months.

As in previous years, most kahawai were caught within 5 km of the mainland coast, where most
fishing effort occurs: 84% in 2001-02, 97% in 2002-03, and 83% in 2003-04 (Figure 4). Most of
recreational fishing effort takes place close to shore, however, and it is possible that numerous schools
of offshore kahawai were not encountered. Despite the paucity of information on offshore catches,
there appears to be some evidence of increasing fish size with increasing distance offshore. These data
were not collected in the 2004-05 fishing year.



Table 2: Summary statistics by region of the number of interview sessions, hours surveyed, vessels with
measurable kahawal, kahawal measured, kahawal measured per hour, and kahawai aged in 2003-04 and
2004-05. Regional summary statistics from previous survey years are given for comparative purposes.

East Northland

Haurafc Gulf

Bay ol'PIenty

Year

2005

2004

2003
2002
2001

2005

2004

2004

2003
2002
2001

2005

2004

2003
2002
2001

Ramp

Mangomi
OpitoBay
Wutangi
Tutukaka
Paroa Bay (public)
Pama Bay (club)
Ruakaka
Mangawhai
Total

Mangomi
OpitoBay
Waitangi
Tutukaka
Parua Bay (public)
Paiua Bay (club)
Ruakaka
Mangtwhai
Total

Sandspit
Gulf Harbour
Takapuna
Westhaven
HobsonBay
OkahuBay
Half Moon Bay
Maraetai
Kanakana Bay
Kaiaua
TeKouma
Total

Sandspit
Gulf Harbour
Takapuna
Westhaven
HobsonBay
OkahuBay
Half Moon Bay
Maraetai
Kawakawa Bay
Kaiaua
TeKouma
Total

Whitianga
Tairua
Bowentown
Sulphur Point
Maketo
Whakatane
Ohope
Motu
WaihauBay
Total

Whitianga
Tairua
Bowentown
Sulphur Point
Maketu
Whakatane
Ohope
Motu
WaihauBay
Total

Number of
sessions

62
31
31
32
63
62
32
31

344

19
21
24
23
26
28
26
23

190

186
199
196

35
63
62
64
20
25
97
30
64
32
63

557

20
44
44
46
22
16
85
23
47
23
38

408

231
204
212

50
32
62

121
26
64
27
15
9

406

15
14
16
16
15
10
16
5
1

108

120
141
100

Number
ofhours

411
192
390
193
415
412
196
197

2407

123
109
140
120
150
158
156
139

1096

1049
1 110
1 129

228
404
399
406
121
150
611
181
414
193
411

3529

124
267
290
278
133
96

505
139
278
135
230

2475

1301
1138
1 174

346
209
419
780
157
415
164
94
54

2636

60
47
68
65
63
39
61
23

5
429

462
474
319

Boats
interviewed

(fishing)

462
280
506
170
398
558
185
193

2752

367
204
259
219
339
478
254
307

2427

2089
1878
2233

143
499
849
836
118
308

1458
256
993
181
761

6402

139
426
814
744
344
277

1637
299
889
193
460

6222

3432
3348
2706

358
269
603

1476
242
441
111

11
100

3611

170
131
111
177
62

201
54
41
5

952

1246
1197

934

Boats with
measurable

kahawai

129
52
99
23
40
83
10
23

459

78
54
89
45
47
81
9

36
439

436
491
474

8
24
40
28

2
11
51
2

71
-

56
293

11
26
39
33
11
12
89
11
86

4
23

345
395
339
435

51
32
65

226
58
74
37
9

13
565

26
19
18
60
34
85
24
35
5

306

357
457
294

Kahawai
measured

309
111
261
55
67

137
12
41

993

154
97

269
106
111
178
18
82

1015

1171
1318
1236

9
39
94
44

2
19
94
6

214
-

85
606

26
44

146
56
23
18

187
15

193
11
45

764

880
786
892

116
54

116
613
136
294
107
28
19

1483

67
37
46

155
77

326
58

198
31

995

1133
1476
1104

Kahawai
aged

104
60

132
43
40
88
11
36

514

72
64
90
73
62
90
12
54

517

504
526
517

3
12
36
32

1
11
25
6

93
-

70
289

26
23
52
32
15
11
91
14
47

—39
350
527
500
500

60
10
66
78
29
86
64
-
-

393

47
19
37

113
34
74
57
-

31
412

477
495
457
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figure 2: Length and age distributions (histograms) and C.Y.S (solid line) of recreational landings of kahawai
in East Northland in 2000-01,2001-02,2002-03,20(0-04, and 2004-05,
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Figure 3: Cumulative age distributions by month for East Northland in 2000-01,2001-02,2002-03,2003-04,
and 2004-05. Left hand panels compare monthly age distributions within fishing years and right hand panels
compare annual age distributions for each of the four months. The number of fish measured is given for each
month.
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Figure 4: Length of landed kahawai relative to the estimated distance off the East Northland coastline at
which they were caught Results from the previous two years are also given for comparison. Data on the
distance fished offshore were not collected In 2004-05.
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3.3.2 Hauraki Gulf

Fewer kahawai were encountered by boat ramp interviewers in the Hauraki Gulf than in previous years,
despite an almost doubling of the number of hours that interviewers were present at ramps (Table 2). The
length and age compositions were still described to a reasonable level of precision, however, with
respective mwcvs of 0.22 and 0.10 in 2003-04 and 0.28 and 0.18 in 2004-05 (Appendices 1 & 2).

As in previous years, the 2003-04 length composition was dominated by 30 to 40 cm kahawai, although
the proportion of larger fish was much lower than seen before. This is reflected in the age distribution,
which is composed almost entirely of 2 to 4 year old fish. The results from this year's sampling therefore
support a previous suggestion that the Hauraki Gulf is a juvenile fishery (Hartill et al. 2004). The relative
strength of the 2 year old age class was the strongest observed to date, which is clearly evident as a mode
of 25 to 35 cm fish in the length frequency distribution (Figure 5, Appendix 3). It is unclear whether the
relative strength of the 2 year age class is due to a year of strong recruitment, or the low abundance of
older fish. Low catch rates suggest the latter.

The 2004-05 length composition is multimodal with a greater proportion of larger fish than seen in
previous years. The strength of the 50 to 55 cm cohort, coupled with the decreased incidence of kahawai
landings generally, suggests that in the last two years, recruitment in the Gulf has been poor. The
corresponding age distribution is still largely dominated by three year old age class, however, which
indicates that the Hauraki Gulf remains ajuvenile fishery.

In 2003-04, there was very little difference in the monthly age distribution of kahawai landings
(Figure 6). The age distributions of kahawai landed in March and April in 2004-05 are markedly broader
than seen in previous years, however, possibly due to an influx of larger, older fish coupled with lower
levels of recruitment by juveniles. The relationship between the abundance and size of kahawai landed
with respect to distance offshore was not assessed, as the shape of the coastline, and abundance of
islands makes any such interpretation difficult.
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Figure 5: Length and age distributions (histograms) and C.YJ (solid Une) of recreational landings of kahawai
in the Haurald Gulf in 2000-01,2001-02,2001-03,2003-04, and 2004-05.
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Figure 6: Cumulative age distributions by month for the Haurald Gulf in 2000-01,2001-02,2002-03,2003-
04, and 2004-05. Left hand panels compare monthly age distributions within fishing years and right hand
panels compare annual age distributions for each of the four months. The number of fish measured is given
for each month.
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3.3.3 Bay of Plenty

The Bay of Plenty length distribution has been consistently dominated by larger length classes over the
last five years, although a secondary mode of 50-45 cm is clearly evident in 2004-05 (Figure 7). The
availability of larger fish in the Bay of Plenty may influence fisher selectivity, however, with a greater
likelihood that smaller kahawai will be released, and hence not measured. The age distribution remains
broader than in the other two regions, and there is evidence of a strong recruitment of 3,4, and 5 year olds
in 2004-05.

The number of kahawai encountered by boat ramp interviewers per hour remains far higher in the Bay of
Plenty than in the other two regions (Table 2), but the number of kahawai measured in a season can fall
well short of 1500 fish, as low as 995 in 2003-04. In the last two years only about 400 kahawai heads
were collected during interviews, largely because of a lack of suitable staff in the far eastern Bay of
Plenty. Nonetheless, the precision of the length (mwcvs of 0.17 and 017) and age (0.17 and 0.17)
distributions were within acceptable levels (Appendix 1 and 2). Comparison of cumulative monthly age
distributions from the Bay of Plenty suggests that there is very little change in age compositions in this
region between January and April (Figure 8). This is in contrast to East Northland and the Hauraki Gulf,
where marked changes can occur over the survey period (see Figures 3 & 6).

In 2003-04, almost all (97%) of kahawai were caught within 5 km of the mainland, and consequently,
the relationship between fish size and the distance they were caught from the mainland is poorly
defined (Figure 9). Nonetheless, results from the previous two years suggest that no clear trend exists.
These data were not collected in the 2004-05 fishing season.
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Figure 7: Length and age distributions (histograms) and c.v.s (solid line) of recreational landings of kahawai
in the Bay of Plenty in 2000-01,2001-42,2002-03,2003-04, and 2004-05.
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Figure 8: Cumulative age distributions by month for the Bay of Plenty in 2000-01,2001-02,2002-03,2003-
04, and 2004-45. Left hand panels compare monthly age distributions within fishing yean and right hand
panels compare annual age distributions for each of the four months. The number of fish measured is given
for each month.
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Figure 9: Length of landed kahawai relative to the estimated distance off the Bay of Plenty coastline at which
they were caught. Results from the previous two years are also given for comparison.
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3.4 Comparison of analytical and bootstrap variance estimation techniques

Since the inception of this time series, all length-based and age-based variance estimates have been
calculated using analytical techniques, but it has been suggested that a bootstrapping approach could
provide more appropriate variance estimates. Analytical and bootstrap variance estimates were therefore
calculated for two data sets: Hauraki Gulf 2004-05 and Bay of Plenty 2004-05. These data sets were
chosen because of the marked differences in their length and age compositions, and because their age-
length keys were based on comparatively low sample sizes.

In both cases, there was very little difference between the variances estimated by the analytical and
bootstrapping techniques (Figure 10). The length-based variance estimates were very similar across the
entire length range, but there were subtle differences between the age-based variance estimates for both
sets. The bootstrapping approach gave slightly higher variance estimates for the younger, more common
age classes, but higher estimates for the older, less common age classes. The mean weighted c.v.s were
almost identical for the length distributions, but the age-based bootstrap estimates were lower than their
length-based counterparts. These results suggest that there is little merit in recalculating bootstrap c.v.s for
all of the kahawai length and age data sampled from recreational fishers since 2001.
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Figure 10: Comparison of analytical and bootstrap variance estimates calculated for recreational landings
of kahawai in the Hauraki Gulf and Bay of Plenty in 2004-05.
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Variance can be underestimated when boats fish in a non-independent manner, leading to correlated
landings in space and/or time. We examined catch data collected in the Bay of Plenty in 2005 for
evidence of such correlations. Cursory examination of the average size offish landed by ramp, by survey
day, suggested that there was no pattern in catches across ramps, within a survey day, or with any given
ramp throughout the sampling seasoa It is perhaps not surprising that there was no marked similarity
between the average size offish landed across ramps on any given survey day, as in most cases there is a
marked distance between ramps, and the number of kahawai encountered at most ramps is very low. Of
those boats that land kahawai, 70% land between one and three fish.

Over 40% of the kahawai landed in the Bay of Plenty in 2005 were landed at Sulphur Point, and we tested
these landings for autocorrelation. Landings were chronologically sorted and autocorrelation functions
were calculated on the average size of the kahawai measured from each boat, at different lags between
observations (Figure 11). Significant autocorrelation only occurs at a lag of every seventh boat, and this is
probably due to chance given the non-significance of other lag statistics calculated. This suggests mat, in
this case at least, there is no significant correlation between landings, and hence no concomitant
underestimation of variance.
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Figure 11: Autocorrelation between the average length of kahawai landed by boats at Sulphur Point, in
the Bay of Plenty in 2005. Dashed lines denote 95% confidence intervals.

3.5 Total mortality estimates

One of the original reasons for collecting a time series of cateh-at-age data was to monitor changes in
associated fisheries. One way of doing this is to monitor changes in total mortality estimates (Z).
Chapman & Robson (1960) estimates of Z were calculated for all of the age distributions sampled from
the East Northland and Bay of Plenty since 2001 (Table 3). Age distributions from the Hauraki Gulf were
not considered, as this is essentially a juvenile fishery, with recruitment, and presumably emigration,
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laigdy determining the age composition of landings in this region, not post-recruitment mortality. The
Chapman Robson estimator is sensitive to the assumed age at recruitment, which we assume to be at 4
years of age, although estimates associated with recruitment ages of 3 to 6 years are given for comparison.
These estimates suggest that mortality rates are generally higher in East Northland than in the Bay of
Plenty. Size-dependent movement between the areas could, however, influence respective age structures,
and consequently this could result in misleading estimates of total mortality. Unfortunately, our
understanding of the nature and magnitude of movement between areas is very limited, and these
estimates should be treated with some caution. Natural mortality is assumed to be about of 0.18.

Table 3: Estimates of Z derived from recreational catch sampling in East Northland and the Bay of Plenty,
by survey year by assumed age at recruitment.

Age at East Northland Bay of Plenty
recruitment 2001 2002 2003 2004 2005 2001 2002 2003 2004 2005

3 0.33 0.33 0.32 0.28 0.24 0.23 0.25 0.28 0.20 0.27
4 0.34 0.38 0.35 0.31 0.28 0.26 0.30 0.32 0.23 0.29
5 0.30 0.37 0.39 0.33 0.33 0.28 0.33 0.34 0.26 0.30
6 0.30 0.40 0.41 0.38 0.36 0.30 0.36 0.38 0.32 0.30

4. DISCUSSION

Obtaining sufficient length-at-age samples from a region's recreational fishery to adequately describe
catch compositions will always be an uncertain process. Unlike commercial fisheries, where annual
catch levels are largely determined by TACCs, recreational fishing effort and kahawai landings vary
interannualry depending on prevailing weather patterns and local catch rates. In 2003-04, in the
Hauraki Gulf, and in 2004-05, throughout KAH 1, fewer kahawai were encountered than in previous
years despite heightened levels of sampling effort resulting from synergies with other programmes
(REC2002/02 and REC2004/01). In the eastern Bay of Plenty, very little sampling took place in 2004
due to a rahui, which closed fishing areas off the Motu River and Waihau Bay for several months.
Similarly, little sampling took place at these two ramps, because of a lack of suitable applicants for
interviewing positions. Although fewer kahawai were encountered than desired, the length and age
compositions of the regional populations were still described with reasonable precision (mwcvs
mostly below 0.20, with the exception of Hauraki Gulf length distributions with mwcvs of 0.22 in
2003-04 and 0.28 in 2004-05), well within the target level of precision of 0.30. We have compared
our analytical variance estimates with bootstrapped estimates in two instances, which suggest that
there is very little difference whichever approach is used.

Regional length and age compositions derived from recreational landings sampled in 2003-04 and
2004-05 are broadly consistent with patterns and trends seen in previous years (see Bradford 1999,
Hartill et al. 2004). The East Northland population has become increasingly dominated by larger,
older fish, and the age composition is now more similar to that of the Bay of Plenty than it was 5 years
ago. In contrast, the Hauraki Gulf population has become composed of increasingly smaller, younger
fish, with poor representation of the older age classes seen elsewhere. The only year in which
appreciable proportions of older kahawai were observed was in 2004-05 when catch rates were low.
This suggests lower recruitment than usual, which would increase the relative dominance of older fish.
The broadest age distribution is found in the Bay of Plenty, which is usually composed of 3 to 11 year
old fish. Although part of the recreational kahawai catch is used for bait, or returned to the sea, the
landed catch in East Northland and the Hauraki Gulf should broadly reflect the overall catch, as
discard rates are very low in this area (Hartill & Walsh 2005). Discard rates are higher in the Bay of
Plenty, and these, coupled with a possible tendency to release smaller fish, may result in some bias
towards older fish in this region.

The division of KAH 1 into three regions/substocks was based upon current research conventions and
geographical boundaries, but consistent differences in regional kahawai population compositions, as
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seen in this and previous years, suggest that these divisions have some biological relevance.
Nonetheless, regional population compositions should not be regarded in isolation, as some inter-
regional exchange is inevitable given the mobility of this species. This is evident in the Hauraki Gulf,
for example, where the low availability of fish longer than 40 cm strongly suggests that schools of
larger fish tend to emigrate to more open waters after 3-4 years of age. The low proportion of sexually
mature fish in the Hauraki Gulf suggests, however, that at least some of the predominantly juvenile
kahawai caught in this area must have been spawned elsewhere.

The manner in which the current time series of regional length and age data are used will be partially
dependent on our understanding of the nature and degree of movement patterns. Some information on
kahawai movement patterns can be inferred from tagging programmes conducted throughout New
Zealand waters in the early 1980s (Wood et al. 1990) and in the Bay of Plenty and Tasman Bay in
1991 (Griggs et al. 1998). Between 1981 and 1984, 13 911 kahawai were tagged from a range of
fisheries, resulting in 1105 returns for which the area of recapture was known. Of the 199 fish tagged
and released in KAH1 and subsequently caught, 80% were recaptured in KAH 1, with the majority of
the remainder caught in the Hawke Bay/Gisborae area. Conversely, only 1-2% of fish tagged in other
areas appear to have emigrated to KAH 1.

Of the 4622 kahawai tagged in the Bay of Plenty, and 4984 in Tasman Bay, recapture locations were
known for 351 and 702 fish respectively. These data suggest that 90% of fish in the Bay of Plenty
were resident over the next 7 years, and 98% in Tasman Bay, although a lower proportion were
recaptured in this area after 3 years.

Both these studies suggest that "residency" at the scale of the Quota Management Area ranges from
70-100% depending on the population length composition. In KAH 1, a cursory examination of the
data suggests that 80-90% of fish remain resident in this area. Larger fish appear to be more mobile,
and those that emigrate from KAH 1 have a tendency to migrate towards the Hawke Bay/Gisborne
Area. These studies therefore provide only a limited insight into the nature and extent of large-scale
movements, but enough to suggest that seasonal migrations along the New Zealand coastline, as
exhibited by species such as gemfish (Hurst & Bagley 1998) and blue moki (Francis 1981), are
unlikely for this species. Previous stock assessments (Bradford 1996, Bradford 1997) have regarded
New Zealand's kahawai as belonging to a single stock. We suggest that an assessment of solely the
KAH 1 stock is feasible given this degree of emigration, and minimal evidence of immigration from
other Quota Management Areas. Such an assessment should, however, consider size-specific
movement both between KAH 1 substocks and from KAH 1. Size-specific movement within KAH 1
could also influence the reliability of the total mortality estimates as discussed earlier. A more detailed
analysis of the available tag/recapture data is required to do this, which should consider the relative
exploitation rates of localised fishstpcks, and non-independence of observations arising from recapture
events involving more than one fish, which were tagged during the same release event. A review of
this nature may well suggest that we have insufficient data to describe movement patterns in a
meaningful way, and any modelling based on currently available data may involve some broad
assumptions about this behaviour.

There is some suggestion of smaller scale behavioural movement patterns. In all three regions, in most
years, the number of kahawai encountered by boat ramp interviewers was noticeably greater in the
second half of the survey. These observations are consistent with either an onshore migration of
sexually mature kahawai in the autumn or increased catachability, following spawning in deeper
waters in January and February (60-100 m; Annala et al. 2003). This suggestion is further supported
by evidence of an increase in the average size of fish caught off the East Northland as the distance
from the mainland increases. In the Bay of Plenty, however, this trend is not clearly evident, despite a
greater number of kahawai caught further offshore in 2001-02 and 2002-03.

The issue of ageing error was discussed at the Pelagic Working Group, and, as a result, we compared
regional mean length-at-age estimates collected between 2001 and 2005. There were clear trends of
progressively increasing mean length-at-age in all three regions, for which there are at least four
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possible reasons: ageing error, changes in the timing of otolith collection, changes in selectivity, and
increasing growth rates through time.

Ageing error will occur in most, if not all, stock monitoring programmes, but the progressive nature of
the trends observed suggest that this is not the case, as ageing error is more likely to be a random
process. Changes in readers can influence results, but most readers have read at least three years of
data, and the trends were still clearly evident in the ages determined by the most experienced and
proficient reader, who has read all sets to date. There has been no progressive change in the timing of
otolith collecting, so this explanation is unlikely, especially given the short sampling season. There is
also no evidence to suggest that recreational selectivity would have changed to any extent through
time. The final explanation, of changes in growth rates through time, is possible, as it has been clearly
shown for snapper (Davies et al. 2003), which is a comparatively easy species to age. Nonetheless,
further work will be required if we are to determine whether the putative changes in growth rates are
biologically real, or if they are an artefact of our sampling programme. As a first step, otoliths
collected over several years should be selected at random and read over a short period by a single
experienced reader, to test the proposition that ageing error has taken place in a progressive manner.
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Appendix 1: Estimated proportion! at length and c.vj for kahawal sampled from recreational
Ibhen In E»rt Northland, HauraM Gnu and lh» Bay of Plenty In 2003-04 and 20*4-4)5

P.J. •• proportion of fish in length class. „ - total number of fish sampled.
c.v. - coefficient of variation. KI.W.D.V. - mean weighted c.v.

EUlmatM ft the proportion at lengtk of fcahawal from Eart Northland In 2003-94 and 2004-05

Length 2003-04 2004-05
(cm) f.i. c.v. P.I. e.v.

10 0.0000 0.00 0.0000 0.00
11 0.0000 0.00 0.0000 0.00
12 0.0000 0.00 0.0000 0.00
13 0.0000 0.00 0.0000 0.00
14 0.0000 0.00 0.0000 0.00
15 0.0000 0.00 0.0000 0.00
16 0.0000 0.00 0.0000 0.00
17 0.0000 0.00 0.0000 0.00
18 0.0000 0.00 0.0000 0.00
19 0.0000 0.00 0.0000 0.00
20 0.0010 1.00 0.0000 0.00
21 0.0000 0.00 0.0000 0.00
22 0.0000 0.00 0.0010 1.00
23 0.0000 0.00 0.0010 1.00
24 0.0000 0.00 0.0020 0.71
25 0.0030 0.58 0.0040 0.50
26 0.0020 0.71 0.0111 0.37
27 0.0049 0.52 0.0081 0.46
28 0.0069 0.51 0.0131 0.3S
29 0.0059 0.46 0.0171 0.29
30 0.0049 0.43 0.0070 0.38
31 0.0039 0.48 0.0131 0.40
32 0.0158 0.34 0.0040 0.50
33 0.0128 0.29 0.0040 0.50
34 0.0286 0.27 0.0040 0.50
35 0.0365 0.29 0.0151 0.29
36 0.0424 0.23 0.0121 0.28
37 0.0286 0.22 0.0070 0.38
38 0.0217 0.35 0.0101 0.31
39 0.0177 0.24 0.0101 0.31
40 0.0167 0.28 0.0181 0.24
41 0.0207 0.22 0.0201 0.22
42 0.0296 0.20 0.0211 0.35
43 0.0286 0.21 0.0201 0.22
44 0.0453 0.17 0.0211 0.22
45 0.0345 0.17 0.0312 0.19
46 0.0424 0.16 0.0292 0.21
47 0.0384 0.16 0.0453 0.16
48 0.0591 0.14 0.0745 0.12
49 0.0798 0.11 0.0775 0.11
50 0.1025 0.11 0.0987 0.11
51 0.0611 0.13 0.0725 0.12
52 0.0532 0.14 0.0916 0.09
53 0.0414 0.16 0.0655 0.14
54 0.0374 0.17 0.0524 0.14
55 0.0365 0.17 0.0393 0.16
56 0.0128 0.29 0.0383 0.18
57 0.0099 0.31 0.0121 0.28
58 0.0079 OJ5 0.0081 0.35
59 0.0020 0.70 0.0060 0.47
60 0.0020 0.70 0.0030 0.74
61 0.0000 0.00 0.0020 0.71
62 0.0000 0.00 0.0030 0.58
63 0.0010 1.00 0.0040 0.50
64 0.0000 0.00 0.0000 0.00
65 0.0010 1.00 0.0010 1.00
66 0.0000 0.00 0.0000 0.00
67 0.0000 0.00 0.0000 0.00
68 0.0000 0.00 0.0000 0.00
69 0.0000 0.00 0.0000 0.00
70 0.0000 0.00 0.0000 0.00

a 1015 993

M.W.C.V. 0.20 0.19
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Appendix 1 - continued:
ErtnutM of the proportion at length of kahawal from the Hanrald Golf In 2003-04 and 2004-1

Length
(cm)

10
11
12
13
14
15
16
17
18
19
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

2003-04
P.I.

0.0000
o.oooo
0.0000
o.oooo
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0013
0.0039
0.0039
0.0105
0.0183
0.0262
0.0563
0.0812
0.0471
0.0340
0.0406
0.0537
0.0668
0.0812
0.0772
0.0929
0.0733
0.0524
0.0209
0.0275
0.0170
0.0118
0.0131
0.0131
0.0065
0.0052
0.0079
0.0092
0.0026
0.0052
0.0065
0.0065
0.01 18
0.0039
0.0065
0.0013
0.0013
0.0000
0.0013
0.0000
o.oooo
0.0000
0.0000
o.oooo
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

C.V.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.57
0.56
0.35
0.38
0.26
0.21
0.19
0.25
0.19
0.19
0.16
0.16
0.14
0.14
0.15
0.21
0.18
0.29
0.27
0.34
0.33
0.37
0.32
0.45
0.50
0.41
0.38
0.71
0.50
0.45
0.45
0.34
0.58
0.45
1.00
1.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Length
(on)

10
11
12
13
14
15
16
17
18
19
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

2004-05
PJ.

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0017
0.0066
0.0149
0.0099
0.0248
0.0199
0.0149
0.0132
0.0066
0.0099
0.0232
0.0364
0.0397
0.0497
0.0381
0.0348
0.0497
0.0381
0.0414
0.0182
0.0132
0.0166
0.0099
0.0083
0.0132
0.0149
0.0331
0.0430
0.0381
0.0414
0.0546
0.0546
0.0281
0.0546
0.0315
0.0232
0.0116
0.0083
0.0033
0.0000
0.0033
0.0000
0.0033
0.0000
0.0000
0.0000
o.oooo
0.0000
0.0000
0.0000

C.V.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.61
0.45
0.47
0.28
0.36
0.33
0.36
0.50
0.48
0.28
0.25
0.27
0.25
0.22
0.26
0.25
0.33
0.26
0.36
0.35
0.30
0.41
0.44
0.35
0.33
0.33
0.21
0.20
0.21
0.19
0.18
0.25
0.19
0.26
0.30
0.52
0.45
0.71
0.00
0.71
0.00
0.70
0.00
0.00
0.00
0.00
0.00
0.00
0.00

764 606

0.22 0.28
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Appendix 1 - continued:
Estimates of UK proportion at length of kahawal from the Bay of Plenty In 2003-04 and 2004-05

Length
(cm)

10
11
12
13
14
15
16
17
18
19
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
5S
57
58
59
60
61
62
63
64
65
«6
67
68
69
70

2003-04
P.I.

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0010
0.0030
0.0040
0.0040
0.0020
0.0030
0.0020
0.0070
0.0030
0.0040
0.0131
0.0080
0.0101
0.0050
0.0040
0.0070
0.0171
0.0201
0.0181
0.0271
0.0492
0.0623
0.0724
0.0945
0.1317
0.1236
0.0975
0.0754
0.0422
0.0382
0.0201
0.0111
0.0040
0.0080
0.0040
0.0000
0.0010
0.0010
0.0000
0.0000
0.0010
o.oooo
0.0000
0.0000
0.0000
0.0000

C.V.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
o.oo
0.00
0.00
1.00
0.74
0.78
0.60
0.70
0.57
0.70
0,55
0.57
0.50
0.36
0.39
0.46
0.52
0.50
0.37
0.26
0.27
0.24
0.20
0.18
0.15
0.13
0.11
0.09
0.09
0.10
0.12
0.17
0.16
0.22
0.33
0.49
0.39
0.50
0.00
0.99
1.00
0.00
0.00
1.00
0.00
0.00
0.00
0.00
0.00

Length
(cm)

ID
11
12
13
14
15
16
17
18
19
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
«5
66
67
68
69
70

995

P.I.

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0007
0.0000
0.0007
0.0007
0.0034
0.0040
0.0047
0.0047
0.0040
0.0067
0.0074
0.0074
0.0067
0.0115
O.OH2
0.0101
0.0209
0.0276
0.0236
0.0175
0.0169
0.02S3
0.0256
0.0533
0.0668
0.0539
0.0371
0.0344
0.0384
0.0391
0.0486
0.0593
0.0654
0.0735
0.0546
0.0425
0.0270
0.0169
0.0148
0.0034
0.0040
0.0027
0.0047
0.0027
0.0027
0.0034
0.0013
0.0007
0.0000
0.0000
0.0007
0.0000
0.0007

1483

0.17

2004-05
c.v.

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.00
0.00
1.00
1.00
0.60
0.41
0.47
0.38
0.47
0.34
0.32
0.32
0.31
0.29
0.30
0.27
0.19
0.18
0.19
0.22
0.22
0.1«
0.16
0.13
0.10
0.11
0.14
0.15
0.14
0.14
0.12
0.11
0.13
0.10
0.12
0.15
0.16
0.20
0.21
0.45
0.41
0.50
0.47
0.61
0.50
0.45
0.71
1.00
0.00
0.00
1.00
0.00
1.00

0.17
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Appendii 2: Estimated proportion* at age awl c.v.« of kahawai sampled from recreational
fishers In Ext Northland. Haurald Gulf and the Bay of Plenty In 2003-04 and 2004-05.

P.j. = proportion of fish in age class, n =• total number of fiih sampled.
c.v. « coefficient of variation. nup.c.v. = mean weighted c.v.

Estimate! of the proportion at age of kahawai from East Northland In 2003-04 and 2004-05.

Age
(yean)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
>19

2003-04
PJ.

0.0010
0.0418
0.1766
0.1838
0.1026
0.1290
0.1214
0.0711
0.0628
0.0472
0.0159
0.0112
0.0218
0.0016
0.0079
0.0000
0.0022
0.0000
0.0000
0.0000

c.v.

1.00
0.18
0.09
0.09
0.13
0.11
0.12
0.16
0.17
0.20
0.36
0.41
0.28
1.01
0.52
0.00
1.01
0.00
0.00
0.00

p-j-
0.0000
0.0752
0.0787
0.1191
0.1576
0.1101
0.1509
0.0896
0.0854
0.0396
0.0263
0.0123
0.0108
0.0102
0.0105
0.0051
0.0035
0.0000
0.0000
0.0000

2004-05

0.00
0.11
0.14
0.11
0.10
0.12
0.10
0.14
0.14
0.21
0.25
0.38
0.41
0.42
0.48
0.58
0.71
0.00
0.00
0.00

R 517 514

0.14 0.14

Estimates of the proportion at age of kahawai from the Haurald Gulf in 2003-04 and 2004-05.

Age
(years)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
>19

2003-04
P-J-

0.0000
0.3013
0.4835
0.1454
0.0274
0,01 10
0.0087
0.0020
0.0033
0.0022
0.0029
0.0000
0.0013
0.0049
0.0022
0.0000
0.0000
0.0000
0.0000
0.0000

c.v.

0.00
0.07
0.05
0.12
0.29
0.48
0.44
1.15
1.09
1.09
1.05
0.00
1.00
0.78
1.09
0.00
0.00
0.00
0.00
0.00

2004-05
P.j.

0.0000
0.0730
0.3894
0.1049
0.1044
0.0538
0.0412
0.0621
0.0289
0.0203
0.0259
0.0389
0.0265
0.0051
0.0033
0.0000
0.0042
0.0084
0.0000
0.0000

c.v.

0.00
0.16
0.05
0.17
0.16
0.25
0.30
0.24
0.47
0.45
0.39
0.36
0.38
0.77
1.03
0.00
1.01
0.62
0.00
0.00

350 289

0.10 0.18
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Appendix 2 - continued:
Estimates of the proportion «l age of luhnral from the Bay of Plenty In 2003-04 and 2004-05.

2004-05Age
(ye=n)

,
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
>19

2003-04
Pj-

0.0000
0.0106
0.0601
0.0855
0.0792
0.1619
0.1541
0.1228
0.0932
0.0709
0.0648
0.0121
0.0340
0.0182
0.0071
0.0048
0.0000
0.0096
0.0000
0.0042

C.V.

0.00
0.33
0.16
0.13
0.17
0.11
0.12
0.14
0.16
0.19
0.19
0.46
0.27
0.38
0.59
0.76
0.00
0.34
0.00
0.81

412

P.j.

0.0000
0.0332
0.1660
0.1877
0.1542
0.0813
0.1115
0.0474
0.0827
0.0393
0.0181
0.0165
0.0189
0.0055
0.0088
0.0025
0.0056
0.0107
0.0000
0.0000

393

0.17

o.v.

0.00
0.18
0.08
0.10
0.12
0.17
0.14
0.24
0.18
0.25
0.34
0.50
0.41
0.63
0.59
1.01
0.82
0.56
0.00
0.00

0.17
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Appendix 3: Age-length keys derived from otolith samples collected from recreational fishers from East Northland in 2003-04 and
2004-4)5.

Estimate* of proportion of length at age for kahawai sampled from the East Northland recreational fishery, January to April 2004.
(Note: Aged to 01/01/04)

Length
(cm)

10
11
12
13
14
15
16
17
18
19
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

Age (years)
1

0
0
0
0
0
0
0
0
0
0

1.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2 3 4 5

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

1.00 0 0 0
1.00 0 0 0
1.00 0 0 0
1.00 0 0 0
1.00 0 0 0
1.00 0 0 0

0 1.00 0 0
0.20 0.80 0 0
0.14 0.86 0 0
0.15 0.46 0.38 0
0.13 0.80 0.07 0

0 0.89 0.11 0
0 0.62 0.23 0.15
0 0.67 0.33 0
0 0.60 0.40 0
0 0.13 0.75 0
0 0.25 0.56 0.06
0 0.12 0.53 0.18
0 0.11 0.67 0.17
0 0.04 0.65 0.23
0 0.11 0.33 0.28
0 0.08 0.38 0.29
0 0.09 0.26 0.17
0 0 0.20 0.20
0 0 0.06 0.14
0 0 0.02 0.13
0 0 0 0.07
0 0 0 0.04
0 0 0 0.12
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

6

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.13
0.06
0.18
0.06
0.08
0.11
0.13
0.17
0.27
0.22
0.22
0.14
0.21
0.24
0.21
0.17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

7

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.11
0.04
0.22
0.23
0.24
0.30
0.29
0.13
0.12
0.21
0.13
0.13

0
0
0
0
0
0
0
0
0
0
0
0
0
0

8

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.06
0
0
0

0.06
0.04
0.04
0.07
0.06
0.15
0.11
0.17
0.16
0.26
0.04
0.13
0.25
0.33

0
0
0
0
0
0
0
0
0
0
0
0

9

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.03
0.16
0.04
0.11
0.21
0.08
0.16
0.30
0.25
0.25

0
0
0
0
0
0
0
0
0
0
0
0
0

10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.04
0
0

0.04
0.07
0.14
0.13
0.16
0.05
0.13
0.13

0
0.67

0
0
0
0
0
0
0
0
0
0
0
0

11

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0.04
0.04

0
0.04
0.05

0
0.13
0.25

0
0
0
0
0
0
0
0
0
0
0
0
0

12

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0

0.04
0.04
0.04
0.05
0.04

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

13

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.04
0

0.02
0.02
0.07

0
0.04

0
0.13
0.13

0
0

1.00
1.00

0
0
0
0
0
0
0
0
0
0

14

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

15

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.04
0
0

0.04
0.13
0.25

0
0
0
0
0
0
0
0
0
0
0
0
0

16

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.04
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

18

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

>19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

No.
aged

0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
2
2
4
4
5
2
1
5
7

13
15
18
13
3

10
8

16
17
18
26
18
24
23
30
50
46
28
24
25
19
23
8
4
3
1
1
0
0
0
0
0
0
0
0
0
0

Total 517

32



Appendix 3 continued:

Estimates of proportion of length at age for kahawal sampled from the East Northland recreational fishery, January to April 2005.
(Note: Aged to 01/01/05)

Length
(cm)

10
1!
12
13
14
15
16
17
18
19
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

Age fvears)
1 2 3 4 5 6 7 8 9

0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 1.00 0 0 0 0 0 0 0
0 1.00 0 0 0 0 0 0 0
0 1.00 0 0 0 0 0 0 0
0 1.00 0 0 0 0 0 0 0
0 1.00 0 0 0 0 0 0 0
0 1.00 0 0 0 0 0 0 0
0 0.67 0.33 0 0 0 0 0 0
0 1.00 0 0 0 0 0 0 0
0 0.50 0.50 0 0 0 0 0 0
0 0 1.00 0 0 0 0 0 0
0 0 1.00 0 0 0 0 0 0
0 0 1.00 0 0 0 0 0 0
0 0 1.00 0 0 0 0 0 0
0 0 0.50 0.50 0 0 0 0 0
0 0 0.60 0.40 0 0 0 0 0
0 0 0.67 0.33 0 0 0 0 0
0 0 0.33 0.67 0 0 0 0 0
0 0 0.08 0.77 0.15 0 0 0 0
0 0 0.40 0.60 0 0 0 0 0
0 0 0.33 0.11 0.56 0 0 0 0
000 0.62 0.23 0.08 0.08 0 0
0 0 0 0.44 0.28 0.11 0 0.11 0.06
0 0 0 0.26 0.16 0.32 0.11 0.11 0.05
000 0.22 0.37 0.07 0.22 0.04 0
000 0.14 0.36 0.11 0.22 0.11 0.03
000 0.11 0.33 0.18 0.13 0.09 0.11
0 0 0 0 0.27 0.13 0.25 0.17 0.13
000 0.03 0.14 0.26 0.20 0.14 0.20
0 0 0 0 0.09 0.20 0.20 0.11 0.20
0 0 0 0 0.11 0.14 0.38 0.11 0.11
0 0 0 0 0.03 0.14 0.14 0.07 0.14
0 0 0 0 0 0.05 0.21 0.32 0.05
0 0 0 0 0.04 0.04 0.16 0.16 0.04
0 0 0 0 0 0 0.33 0 0.11
0 0 0 0 0 0.17 0.17 0 0.50
0 0 0 0 0 0 0 0 0.50
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.07
0.03
0.02
0.02
0

0.09
0

0.14
0.16
0.16
0.22
0
0
0
0
0
0
0
0
0
0
0
0
0

11
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0
0

0.04
0.03
0.10
0.11
0.24
0
0
0
0
0
0
0
0
0
0
0
0
0
0

12

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0

0.02
0.05
0.03
0

0.04
0.11
0
0
0
0
0
0
0
0
0
0
0
0
0

13

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.03
0.10
0.05
0.04
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0

0.04
0
0
0
0

0.22
0.17
0
0
0
0
0
0
0
0
0
0
0
0

15

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.03
0
0

0.03
0.05
0.04
0
0

0.50
0
0
0
0
0
0
0
0
0
0
0

16

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.07
0

0.04
0
0
0
0
0
0
0
0
0
0
0
0
0
0

17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.05
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

18

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

>19 i

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

No.
aged

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
3
6
4
7
5
3
1
2
3
2
7
5
2
5
9
9
13
5
9
13
18
19
27
36
45
48
35
45
37
29
19
25
9
6
2
0
0
0
0
0
0
0
0
0
0
0

Total 514

33



Appendix 4: Age-length keys derived from otolith samples collected from recreational fishers from the Haurakl Gulf in 2005-4)4 and
2004-05.

Estimate! of proportion of length at age for kabawai sampled from the HauraM Gulf recreational fishery, January to April 2004
(Note: Aged to 01/01/04)

tength
(cm)

10
11
12
13
14
15
16
17
18
19
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

Age (years)
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2 3 4 5

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

1.00 0 0 0
1.00 0 0 0
1.00 0 0 0
1.00 0 0 0
1.00 0 0 0
0.84 0.16 0 0
0.79 0.21 0 0
0.69 0.31 0 0
0.50 0.50 0 0
0.27 0.73 0 0
0.10 0.81 0.10 0
0.24 0.72 0.04 0
0.19 0.77 0.03 0
0.14 0.77 0.09 0
0.21 0.74 0.06 0

0 0.67 0.33 0
0 0.82 0.18 0
0 0.17 0.83 0
0 0.33 0.67 0
0 0.13 0.63 0.25
0 0.17 0.83 0
0 0.40 0.60 0
0 0 0.57 0.43
0 0 1.00 0
0 0 0.67 0.33
0 0 0.33 0.67
0 0 0.50 0
0 0 0 0
0 0 0 0
0 0 0 0.67
0 0 0 0.50
0 0 0 0.25
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

6

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.50
0.50

0
0.33

0
0.25

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

7

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.50
1.00

0
0
0
0

0.33
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

8

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.33
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.25
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

12

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

13

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1.00
0
0
0
0
0
0
0
0
0
0
0

14

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.25
0.50

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

15

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.33
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

16

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

18

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

>19 I

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

No.
aged

0
0
0
0
0
0
0
0
0
0
0
0
21
6
6
9

19
29
16
8

15
21
25
31
22
34
15
17
6

12
8
6
5
7
2
3
3
4
2
1
3
2
4
2
3
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0

Total 350

34



Appendix 4 - continued:

Eitimatn or proportion of length at age tor kahiwal sampled from the Haurakl Gulf recreational flahtty, January to April 2005
(Note: Aged to 01/01/05)

Length
(cm)

10
11
12
13
14
15
16
17
IS
19
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
5S
59
60
61
62
63
64
65
66
67
68
69
70

Total

Age (years)
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2 3 4 5 6

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

1.00 0 0 0 0
1.00 0 0 0 0
1.00 0 0 0 0
0.83 0.17 0 0 0
0.70 0.30 0 0 0
0.50 0.50 0 0 0
0.25 0.75 0 0 0
0.38 0.63 0 0 0
0.33 0.67 0 0 0

0 0.80 0.20 0 0
0.14 0.71 0.14 0 0

0 0.94 0.06 0 0
0 0.85 0.15 0 0
0 0.82 0.18 0 0
0 1.00 0 0 0
0 1.00 0 0 0
0 0.80 0.20 0 0
0 0.83 0.17 0 0
0 1.00 0 0 0
0 0.75 0 0.25 0
0 0.80 0.20 0 0
0 0.20 0.40 0.20 0.20
0 0 0.75 0.25 0
0 0 1.00 0 0
0 0 0.67 0.33 0
0 0 0.60 0.20 0.20
0 0 0.40 0.40 0
0 0 0.17 0.42 0.25
0 0 0.08 0.31 0.31
0 0 0 0.82 0
0 0 0 0.18 0.18
0 0 0 0 0
0 0 0 0 0.14
0 0 0 0 0.14
0 0 0 0 0
0 0 0 0 0.14
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

7

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.10
0
0
0

0.27
0

0.14
0.29

0
0.14

0
0
0
0
0
0
0
0
0
0
0
0
0
0

8

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.08
0.15
0.18
0.09
0.38
0.29
0.14

0
0.14

0
0
0
0
0
0
0
0
0
0
0
0
0
0

9

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.10
0

0.08
0
0

0.08
0.14
0.07
0.33

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.08
0
0

0.09
0.15

0
0
0

0.14
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.08
0

0.18
0.15

0
0
0
0

0.40
0
0
0
0
0
0
0
0
0
0
0
0
0

12

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.14
0.14
0.67
0.14

0
0.33

0
0
0
0
0
0
0
0
0
0
0
0

13

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.15
0.14
0.21

0
0

0.20
0
0
0
0
0
0
0
0
0
0
0
0
0

14

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.20
0.33

0
0
0
0
0
0
0
0
0
0
0
0

15

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.14
0
0
0
0
0
0
0
0
0
0
0
0
0
0

16

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.08
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

18

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.14
0.20
0.33

0
0
0
0
0
0
0
0
0
0
0
0

19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

>19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

No.
aged

0
0
0
0
0
0
0
0
0
0
0
2
3
2
6

10
10
4
8
6
5
7

16
13
17
10
8

10
6
5
4
5
5
4
6
3
5

10
12
!3
11
11
13
7

14
3
7
5
3
0
0
0
0
0
0
0
0
0
0
0
0

289
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Appendix 5: Age-length keys derived from otollth samples collected from recreational fishers from the Bay of Plenty in 2003-04 and
2004-05.

Estimate* of proportion of length it age for kihawal sampled from the Boy of Plenty recreational fishery, January to April 2004
(Note: Aged to 01/01/04)

Length
(cm)

10
11
12
13
14
15
16
17
IS
19
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

Age (years)
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1.00
0

1.00
1.00
0

0.50
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.50
1.00
1.00
1.00
1.00
0.88
0.57
0.67
0
0
0

0.14
0

0.20
0

0.28
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4 5 6 7 8 9 10 11 12 13 14

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

0.13 0 0 0 0 0 0 0 0 0 0
0.43 0 0 0 0 0 0 0 0 0 0
0 0 0.33 0 0 0 0 0 0 0 0

0.60 0.40 0 0 0 0 0 0 0 0 0
0.33 0.33 0.33 0 0 0 0 0 0 0 0
1.00 0 0 0 0 0 0 0 0 0 0
0.79 0.07 0 0 0 0 0 0 0 0 0
0.77 0.15 0 0 0 0.08 0 0 0 0 0
0.30 0.30 0 0.20 0 0 0 0 0 0 0
0.47 0.16 0.26 0.11 0 0 0 0 0 0 0
0.17 0.11 0.33 0.06 0.06 0 0 0 0 0 0
0.14 0.14 0.50 0.18 0 0,05 0 0 0 0 0
0.07 0.14 0.29 0.29 0.18 0 0 0.04 000
0 0.13 0.29 0.26 0.10 0.06 0.06 0.06 0 0.03 0
0 0.07 0.21 0.21 0.19 0.14 0.09 0.07 0.02 0 0
0 0.02 0.12 0.24 0.25 0.20 0.10 0.04 0 0.04 0
0 0.05 0.10 0.17 0.17 0.17 0.17 0.12 0.02 0 0.02
0 0.12 0.04 0.16 0.12 0.16 0.12 0.08 0 0.08 0.08
0 0 0 0.08 0.17 0.17 0.17 0.04 0.08 0.17 0.08
0 0 0 0 0.17 0.08 0.08 0.17 0.08 0.08 0.17
0 0 0 0 0.17 0 0.17 0.33 0 0.33 0
0 0 0 0 0 0.14 0.14 0.14 0 0.29 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 1.00 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

15

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.02
0.04
0.04
0.00
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

16

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.08
0

0.14
0
0
0
0
0
0
0
0
0
0
0
0
0
0

17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

18

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.14
1.00
0

1.00
0
0
0
0
0
0
0
0
0
0
0

19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

>19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.08
0
0
0
0
0
0

1.00
0
0
0
0
0
0
0
0
0

No.
aged

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
1
1
0
2
1
6
1
2
8
7
3
5
3
4
14
13
10
19
18
22
28
31
43
51
42
25
24
12
6
7
1
1
1
0
1
0
0
0
0
0
0
0
0
0

Total 412
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Appendix 5 - continued:

Estimate! of proportion of length at age for kahawai umpled from the Bay of Plenty recreational fishery, January to April 2005
(Note: Aged lo 01/01/05)

Length
(cm)

10
11
12
13
14
15
16
17
18
19
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

Age (years)
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2

0
0
0
0
0
0
0
0
0
0
0
0

i.oo
1.00
i.oo
1.00
1.00
1.00
0.25
0.50

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

3 4 5 6 7

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
o o o o o
0 0 0 0 0
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o

0.75 0 0 0 0
0.50 0 0 0 0
1.00 0 0 0 0
1.00 0 0 0 0
1.00 0 0 0 0
0.60 0.40 0 0 0
0.77 0.23 0 0 0
0.89 0.11 0 0 0
0.89 0 0.11 0 0
0.91 0.09 0 0 0
0.25 0.63 0.13 0 0
0.63 0.25 0.13 0 0
0.18 0.64 0.18 0 0
0.11 0.67 0.11 0.11 0
0.08 0.53 0.33 0.03 0.03

0 0.56 0.38 0.06 0
0.07 0.36 0.36 0.14 0.07

0 0.43 0.19 0.29 0.05
0 0.07 0.20 0.33 0.27
0 0 0.20 0.25 0.15
0 0.08 0.29 0.25 0.21
0 0.08 0.15 0.12 0.38
0 0 0.17 0.04 0.30
0 0 0.19 0.06 0.23
0 0 0.06 0.06 0.19
0 0 0.13 0 0.13
0 0 0 0.09 0
0 0 0 0 0.25
O O O O O
O O O O O
O O O O O
O O O O O
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o
o o o o o

8
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.07
0.30

0
0.04
0.17
0.03
0.13
0.13
0.18

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

9

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.05
0.07
0.05
0.13
0.15
0.09
0.23
0.25
0.25
0.09
0.25
0.20

0
0
0
0

1.00
0.50
0.33

0
0
0
0
0
0
0

10

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.05
0.04
0.04
0.22
0.13
0.06

0
0
0

0.40
0
0
0
0
0
0
0
0
0
0
0
0
0
0

11
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.04
0

0.10
0
0

0.18
0
0
0
0

0.50
0
0

0.50
0.33

0
0
0
0
0
0
0

12

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.06
0.25
0.09

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

13

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.13
0

0.18
0.25
0.20

0
0
0
0
0
0
0
0
0
0
0
0
0
0

14

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.03
0
0
0
0
0
0

0.50
0
0
0
0

0.33
0
0
0
0
0
0
0

15

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.06
0

0.09
0

0.20
0
0
0
0
0
0
0
0
0
0
0
0
0
0

16

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.09
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.25
0
0
0

0,50
0
0
0
0
0
0
0
0
0
0
0

18

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.13
0
0
0

1.00
0.50

0
0
0
0
0
0
0
0
0
0
0
0

19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

>19

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

No.
aged

0
0
0
0
0
0
0
0
0
0
0
0
3
1
4
3
2
1
4
2
2
3
4
5

13
9
9

11
8
8

11
9

36
16
14
21
15
20
24
26
23
31
16
8

11
4
5
1
2
2
0
1
2
3
0
0
0
0
0
0
0

Total 393

37


