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

Purpose

1. | have the qualifications and experience set out in my affidavit of 26
August 2005. | acknowledge that | 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
e any requiremgnt for constraint on the recreational catch.
3. | also address two matters raised by the Minister in relation fo: ~
* 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." 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 2000°. The basic interview format is the same as used in
1991, 1994 and 1996°.

5. In relation to the Minister's 2005 decisions the “new” information
from the ongoing kahawai boat ramp surveys by NIWA, 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
2

Results from this ongoing research has been previously reported as Hartill et a/. (2003) Length and age compositions
of recreational landings of kahawai in KAH | in 2000-01 and 2001-02. Hartilf e a/. (2004) Monitoring fength and
age compositions of recreational landings of kahawai in KAH 1 in 200001 and 200102 and 2002-03.

The older boat ramp survey information, going back to 1991, 1994 and 1996 data has been available in published
form for some time 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.*

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 | 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 fieet 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 2005°, even though the information

% This information is reported in Hartill ef al. (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 ct al (2005) Report of the Fishery Assessment Plenary, Mary 2005 stock assessments and yield
estimates,

~
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10.

1.

on low catch rates, especially in the Hauraki Guif have been
available to the Ministry for many years commencing in 1991.

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. Itis 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.® 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 | 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).

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, itis
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.

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

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

Hartill ef al. (2003) Length and age compositions of recreational
landings of kahawai in KAH 1 in 2000-01 and 2001-02;

6
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c. Hartill et al. (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 FAP the Minister was provided with more detailed
information concerning the Hauraki Guif 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 {PP at paragraph 104 k, you are required
under s 11(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 naturai 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.  Interms of providing a more certain position, | 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. | 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.

16.

17.

18.

Paul Starr states that available evidence on the status of kahawai
stocks is equivocal.” He states this is largely because population
biomass estimates are hard to obtain and a key component of the
total catch is not available. | agree that much of the data for a full
stock assessment of kahawai is either facking 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.

Paul Starr states a number of times that there is “no scientific
evidence of a decline in kahawai stocks™.® While he is correct that
there is no consistent and reliable method presently available to
determine the abundénce 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 of fish 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. | base this on own personal observation, the
significant number of complaints | received while | working for the
Ministry of Agriculture and Fisheries in 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.

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).

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

7 Atpara 63.5 of the affidavit of Paul Starr
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.° -

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:

“I consider that the abundance of kahawai has changed twice
since | 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 I/ states in his affidavit:

*| have noticed changes in abundance of kahawai over the years.
In the late 1980, when the cafch 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

® “This information is reported in the Ministry’s 2004 Plenary Report on kahawai (section 1.b.),
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23.

24.

25.

26.

fishers usually operate. Other areas in KAH1 are observed to have
fewer kahawai.

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.

Itis 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 Bysy in each QMA.

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.

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

10 Para 73.6 of affidavit of Ross Winstanley
"' Para61.3 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 Constraini on Recreational Catch: Starr / Wilkinson

28.  Starr and Wilkinson say there is a need to further constrain the non-
commercial catch.'? 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, | 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

12 Sec section F pages 22 and 23 and elsewherc 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 aliowed to use. Fishing
with hand held lines limits the fishing effort that can be
expended by individual recreational fishers.

b. inmy expérieﬁce the am‘o‘ﬁni of recréaiié}iél fi-shin'g 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.”® 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.

1 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. NTWA Technical Report 48. 54 p.

Boat ramp surveys were carried out in th® Ministry of Fisheries North region in 199
1996. The importance placed on the objectives and the timing of these surveys d
three years leading to difficulty in selecting comparable data. A further prodig

‘a'y"inThe—Norﬁrregio&i&sodominated_by,the_s appe

sets are unbalanced and contain an overabundance of snapper data and very~

other species. The objective set by the Ministry of Fisheries required i, cornpa
rates and size distributions for 20 main species.

The report starts with an overview of the 1996 harvest rate
which arise and why subsequent selections of data were
_harvest rates are given in some detail. Three estimato;
used. These estimators measure different quantities an
will be used. Where there are sufficient data,
collected during the day at weekends.in March
surveys.

gations that this bycatch harvest rate
ecreational fishery in KAH 1 may

Target fisherics for tagaki (longline and set net), flatfish and grey mullet .
(setmet), ax}d tunas, lling) exist and for some. of them, enough data

exist to estimate ; Q4TS harv using all available data).

ize exist or rock lobster, scallops, and green mussels and harvest
4 No shellfish data were collected in 1991 and other than

sQ g of animals may have been inconsistent. The bag limits
Eiés appear to be limiting the harvest and perhaps causing high

estimated bycatch harvest rates of the snapper fishery were included for

ns collected from the threc years were plotted “and mean lengths-and-weights -
i Sed. Where the data were sufficient, lengths from January to June were used. Some
@u.: Sons with the January to December data suggest that using data from part of the year
awroduces small differences in mean weight but such differences are unlikely to make a
significant error when used to obtain a total tonnage estimate (given all the other errors involved
in obtaining such estimates). For many of the size distributions shown, the sample size was small
and data from different years may need to be amalgamated if estimating a mean weight.



Introduction

Three boat ramp surveys were carried out in the New Zealand fisheries management North
region in 1991, 1994, and 1996. For each survey, recreational fishers were interviewed at
boat ramps by trained survey interviewers at the end of their fishing trips. The interviewers
asked a standard set of questions about number of fish of each species harvested, methods
ased, target species, location, and hours fished. The lengths of many of the fish that were
Janded were measured. The objectives of each survey were different and are outlined below.
More detailed information is available elsewhere (1991 survey: Sylvester 19932, 1993b; 1994
survey: Sylvester 1994a, 1995; 1996 survey: Hartill et al. 1998). This section draws heavily

on an unpublished report by Todd Sylvester, Ministry of Fisheries, Auckland, entigled:
«Catch rate comparisons for snapper and kahawai between the 1991, 1994, and 199

ramp surveys”.
d . g

The main objective of the 1991 survey was to obtain baseline data on recreatiq
harvest rates (HPUE) from boat ramps throughout the North region. Most®
were conducted at weckends. From Boxing Day 1990 to near the ¢ad~
interviewing was done at the main ramps in the Bay of Islands, Tu
western and inner Hauraki Gulf, Manukau Harbour, eastern Caf

Interviewing was infrequent in February. From March to June, the

throughout the North region. During this second phase, lagd
regularly interviewed at two west Auckland localities (P4
Plenty localities (Matata, Opotiki to Te Kaha). Sylvester

The main objective of the 1994 boat ramp Suryg %heck on%of the North region
diary survey of marine recreational fishers. at s Jt Wa$ suspected that the

sdiary survey results might contain som) frpporting, wrong species
identification, and inaccurate weight
on four main areas: Bay of Isla
Coromandel. The interview

: 4 survey concentrated
;A Harbour, and the ‘eastern
904 to other areas of the North

region. Much interviewing o/in the Hauraki Gulf as part of the
acrial-boat ramp survey thefl WRE SO time (Sylvester & Cryer, unpubl. results).
Sylvester (1994a) descy fer-rel een the boat ramp, aerial, and diary
surveys that were hited i . ylvester (1994b) gave details of the ramps
used. '

The main objecl ' ) s survey was to obtain a representative sample of fish
lengths ereati \sers” throughout the North region over a one year period.
Thes Bdto fish weights and hence to a mean weight of a species

Nes 47 Fishstock. These mean weights were used to estimate the
Yrvests in the North region Fishstocks using an estimate of the
3 ntned from the 1996 national diary survey (Bradford 1998a). Most
iewDegen in early January 1996, with heaviest sampling in the months to the
' hoduent sampling was conducted throughout the rest of the year. Midweek
in § Nucted in 1996. The 50 ramps used in the North region and the number of
e "ns at each ramp were given by Hartill ez al. (1998).

® . .
The hafst rates for 1996 are discussed in detail. Comparisons are made for snapper and
kahawai using restricted data so that all three surveys are comparably represented. All
available data from the three surveys werc used for other species. For these other species data
are few and comparability less certain.
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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 in 1996 collection of length data was usually the

representative of the fishery. The snapper and kahawai data arc again treated j re detail

than that for the other species. The 1996 length frequencies for the major s iven by &
_ 1 ly fi

snapper and kahawai. Some other comparisons of the kahawai data w .

(unpubl. results, Final Research Report to the Ministry of Fisheries, pfg) 9701

first priority. The size data for the less common species are sparse and may not be
Hantill er al. (1998) where further stratifications of the data were sho

B R R T LI TS

Programme objective

This work was carried out under contract to the Min ! ie e modelling
recreational fisheries project (REC9702) and fulfil§thexeqyife ? objective of
the-project for-1997-98:. . - -~ . < :

e To compare fish size and catch rates
in the North region with results fr

target fisheries are
rates. Thus thege
are adequats

S Keontains farther definitions used-in this report and-describes the-quantities which-are -
Glated in the harvest rate tables (see Tables 14 onwards). Scientific names for the species
e riven in the section comparing size distributions (see Table 30). The harvest rates given
this section (see Tables 8, 10, 11, and 13) are calculated as the total catch divided by the
total number of hours fished, that is, are ratio-of-means estimates (H; 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 trip is defined as 2 fishing operation using a given method in a given location. Hence a
fisher may have made more than one trip when interviewed. For example, 2 fisher mainly
targeting snapper with a baited line who saw a school of kahawai and changed his fishing
method to jigging or trolling (and target species to kahawai) would be recorded as
undertaking two trips. Only trips made using a trailer boat were included in this analysis as
trips from other boat types and from shore are unlikely to be properly represented in the data.

The harvest has been taken to include all fish “killed” and includes fish thrown back dead
and undersized fish (snapper) landed. Todd Sylvester has previously estimated the catch rate
of legal sized snapper (Sylvester 1993a, 1993b, 1994b, 1995).

These tables show that over three-quarters of the trips were made by people using a bai
line (from a boat) and nearly all of these trips were targeting either snapper or a mix
species (which would mostly have included snapper). Trolling was the next mo:

method and involved several target fisheries (striped marlin, kahawai, and

species were targeted by 2 limited number of methods; for example, flatfish et
were targeted only by methods using a net. ' %

Tables 3 and 4 give the percentages of trips by method and by region and target spcci@

Tables 5 and 6 tabulate the mean fishing times of trips by method n and
species. The overall mean time is about 3.5 hours. The high 1 i

method called “Hand” in the Bay of Plenty arises from the
Hand included potting and the mean included a numbeg og%t;

lobster where the pots Were left in the water for about 12 hours.
“iIand” will be treated separately when shellfish are di

Tables 3—6 show the dominance of finfish in
dstailed results for 10 important finfish (flatfis N
nGyp. Tables 7 and 8 give

mackerel, kahawai, kingfish, snapper, i

their catches and harvest rates by ‘5., limited and all ‘shore
based methods, methods usually %, 2$thods have been excluded.

Tables 9 and 10 show similar ¢ cells in these tables show a

large catchora reasonable 4en are from bycatch fisheries).

Tables 11 and 12 show he 10 finfish species by target species.

t species matches the target species. Jack
at these target trips were included in “Other

The numbers are sh bold” whe

atfish, and grey mullet were caught in the target
Smparatively high harvest rates. The target kahawai
hut only 11.5% of the kahawai were caught in the target
st rate for the 10 finfish species ‘individually by target

th les shows that harvest rate can be well estimated for a few target
wber of trips made is‘reasong_bly large, and perhaps for some bycatch

Anoth lem arises when year to yeat comparisons of data are to be made in that the
fishing effort was sampled differently in 1991, 1994, and 1996. The 1994 survey was
conducted mainly between February and June and surveying was heavily concentrated in the
inner and western Hauraki Gulf. Tn 1991, there was little sampling in February. May and June
are winter months when fishing effort is much lower and harvest rates may differ from those

.o

for the few trips involved was very high). A .




_ . . and then compared across years using those parts of the data whic

in summer. The sampling at weckends and during the week was not in the same proportion in
all surveys and not representative of the fishery in 1991 and 1994. In the 1991 survey, most
sampling was carried out between 9 2.m. and 6 p.m. (Todd Sylvester, Ministry of Fisheries,
Auckland, pers. comm.) though it is daylight for scveral more hours in summer.

Estimation of harvest rafes

Harvest rates for snapper and kehawai from the 1996 survey (Tables 14 an

represented in all three years. For other species, except kahawat, thi
surveyed to restrict the data.

weekends and holidays. The vanation o/ duRkg\be year may be. largely

ilabili ies Jo~{he 3- fishery, but could
doced fishers fishing throughout
7of the skill of fishers on harvest

» s
rate. Differences in harv ; 7- "'

i Sekdays could arise from a different
okill mix of the fishe greatt fraction of more experienced fishers
fishing during the we e Tarvest rates for all the data available, for,

of the true mean harvest rate, defined in Table 2
maematical definition in Appendix 1. Two methods of
are used: the mean-of-ratios estimator, H), and the ratio-
, estimate different quantities and usually have different
ostimator is often recommended in the literature (see, for
when a measure of fisher satisfaction is required. When data are
ility, that is, at the end of a trip, then the sample estimator of H, is
of H, for the population (Jones et al. 1995). The estimator of H; may
~—<in the individual harvest rates particularly when short fishing trips with
involved, and its variance may be poorly defined (Pollock et al. 1997). The
\iah can be a mixture of low (zexo) and high harvest rates. The ratio-of-means estimator is
N2 ended when the total harvest is to be calculated by multiplying the harvest rate by an
cpendent measure of effort. The estimator of H> using sample data collected using equal
probability sampling is a biased estimator of H for the population (Jones et al. 1995). The
variance formulae for H; and its estirnator are complicated approximations of the true
variance. Appendix 1 gives the formulae for the c.v.s used here. A further quantity, p;, the
probability of an unsuccessful trip is included. Equally, 1 - po (the probability of catching the
 species) could have been used and may be the best measure to use for bycatch fisheries.

Two estimates of mean harvest rate are tabulated for snapper and kahawai and the main
target species. Previous published results have used the H; estimator (Sylvester 1993a,
1993b, 1994b, 1995). Though the primary use for this report is to calculate a measure of

= --eh?;a“n-v—an*ze"a“ﬁ‘,"seen'rto—cmnc"frenﬂhe-distribution.oi..nipuhamestytates_.. .




S ,

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 reliable
harvest rate means with actual confidence intervals of the expected size for the stated
confidence level. They also showed that the actal confidence intervals were skewed, bu
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 where(’s
fish” was the target and the method was either using a baited line or ji@givg
bait. The estimated harvest rate of snapper is greater when snaj i
assumed that most recreational fishers in the North region are hd
they specify otherwise. Fishers specifying a “general fi
experienced (or perhaps more realistic) than those who
The estimated harvest rates for the methods abov%diﬁemnt

descriptions used for these methods makes them di

fishing locations are grouped by diary zone (sgé A5 t an area around the
named location (Sylvestr 1994b). The fatind{-giehns ei is usually smaller than
the mean-of-ratios estimator, H;, but gifferenc; for the snapper data. The
median value of po (probability of 2 e i . :

within harbours, particularly in
h ) at snapper become unavailable to the
recreational fishery in barbode® Jo wi PR ecause they move out of the harbours.
The highest estimz A ,%,. parves Tateshoscur away from the most populated .areas, for

example, Bream B - gl

at ling.effo! -V made in each locality in the zone was roughly the same in
h time s! w the harvest rate did not change much throughout the zone. These
N

sarily true in all areas.

10




T .mbigcontains.the;comgaﬁsons of estimated snapper harvest rates by m

Comparisons of estimated snapper harvest rates between years

Comparisons of estimated snapper harvest rates in 1991, 1994, and 1996 weére made using the
same method and target selections as above but limiting the data to weekends in March and
April and for trips where the fishing ended between 0500 and 1800 hours to maximise the
overlap between the surveys. Undersized snapper landed, and snapper thrown back dead,
have been included which differs from the way harvest rates were defined b ester
(unpubl. data). '

in the same manner as the results i Table 15~ There may be-variations Gitghg-ti
which may need to be investigated. The estimated harvest rates within
harbours which do not form the whole of a diary zone are givepIxy3
generally low. The estimated harvest rates for the three yo
Bigurcs 2-5. All the estimated harvest xates show the sl pene
(lowest for po) in 1994 in most cases. The 1996 values are{ig
Northland, the_western and inner Hauraki Gulf, nfrihe
possibly Waikato. The 1996 estimated harvest '
Harbour, the eastern Bay of Plenty and Man
Harbour and northern (and possibly middle
in the eastern Bay of Plenty in 1996 i
Ohiwi Harbour (Table 1n.

enty. 1 inated harvest rate$
the v, mated harvest rates in

Table 11 shows that edarh y a bycatch of the snapper and “general fish”,

fisheries. Table 1 A -d Xihawaj bycatch harvest rates by diary zone in KAH 1

and  and ti 1996, & Yb § gives similar results with the data grouped by
ehty, Fast Noxhidnd

: ‘ . Hauraki Gulf, and west coast). These estimated
e highest in the Bay of Islands, the eastern Bay of

erally, low; they a
vest cowsﬁmated harvest rates tend to be higher in winter than
arves sate generally low and the differences between H, and H, are

21% the comparisons by year of the estimated kahawai bycatch harvest
. \\ nd April weekends by region and diary zone in KAH 1 and 9 respectively.
o5t xates for the three years by diary zone are plotted in Figures 6—8. These data

o in most arcas between 1991 and 194"

b 22 gives the harvest rates in the kahawai target fishery (any method with kahawai as

4 target species) by region and time stratum in 1996. These harvest rates are generally high

(several times higher than the snapper bycatch kahawai harvest rate) and tend to be lower in

winter than surmer. The kahawai target fishery will include those fishers who set out to

catch kahawai (these fishers would include the time taken to locate a kahawai school in their

fishing time) and those who changed to targeting kahawai after they had sighted a kahawai
school (and could have 2 high barvest rate and short fishing time).

Table 23 and Figure 9 show the year to year comparisons in the kahawai target fishery. As
before, the comparisons are made for March and April weekends. As the number of trips
made is small, these comparisons are made by kahawai Fishstock. There are indications that
the kahawai target harvest rate dropped in KAH 1 between 1991 and 1994 and may have

11
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increased somewhat in 1996. This harvest rate increased in KAH 9 between 1991 and 1994.
There were too few kahawai target trips intercepted in KAH 9 at the relevant time for the
1996 data to be included in the comparisons; the kahawai target harvest rates were relatively
high over the whole summer (again with a small sample size).

The values of H; are generally higher than those of Ha. In the kahawai target fishery the
differences can be large, probably because kahawai harvest rates can be high and the fishing
time short after a school has been sighted. Short fishing times are hard to estimate accurately
and can lead to biases in H;.

Two further estimates of harvest rate are considered for the kahawai target fishery in
Appendix 2. These estimators both give values which are lower than the mean-of-ratios

estimator, H1. @

Other recreational target fisheries for finfish
There are recreational target fisheries for tarakihi, red gurnard, flatfish, : % and
tunas where the numbers of trips surveyed are large enough to allow e tion
harvest rates. For these fisheries, all the trips recorded are included an tifi
summer and winter and for QMA 1 and 9. Comparisons by year iyen. data
1991 and 1994 surveys could be biased as the fishing effort was pro

the

the

There are other target fisheries where the numbers of trips
are too small. These include kingfish and striped marlin w, we ha

catch and release making harvest rates much lower than tes. a

d
blem of

Tarakihi

There is a substantial recreational targe
jigging). This fishery is predominan
the year. The estimated harvest TS\
maybeanartefactofthe sampliNREeBUR
the eastern Bay of Plenty. X

'butio. ol ihi (see Figure 16) suggest that a
o' Yhay have affected harvest rates.

strong year class entered th
. but it is a mixed method fishery including
£ rates in 1996 may be lower than in previous years (see
ts show the overall red gurnard harvest in 1996 was

There is .@e: fi
longli Esti
Table diary
cobs lowe in (Bradford, unpubl data, Final Research Report t
FFishesicojget RECO701 Objective 4). port to the
@m—
[ ]

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

12
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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 funa

=————There mkspwialisedﬁmlkmwﬁshedeé (with or without bait

a limited number of species. As might be expected from what is
distribution of tunas, these are predominantly summer fisheries;
skipjack tuna, the troll fisheries where skipjack tuna, albacore
marlin, and “general” were the target were included. For alba
albacore, striped marlin, and yellowfin tuna were included\TeAes
The estimated harvest rate of skipjack is variable mﬁ“ é
abundancc—-ofsldpjack-imNew-Zealand. waters_in Siyer).
albacore are low and may have declined.

Despite the interest in targeting striped d, Y success rate and total
harvest in these fisheries are t00 low to ate esty harvest rate.

The estimated harvest i
mussels are considered.

tting hstally involves a long soak time, whereas diving trips
d%«;st rates by rock lobster Fishstock and season are given
n than potting and potting trips were recorded only from

caught per trip when using cray pots but not per hour (cray

r for 12 to 24 hours, diving trips are generally short). The bag
be 1 g the catch taken from pots in CRA 2.

Scallo n by dredging and by diving (both scuba and -snorkling). The results are
-giv ~which- correspond. to_the scallop management areas. The estimated harvest
r ¢ Fable 28) are comparable for the two method groups. o

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

-13



Other finfish in the snapper bycatch fishery

The objective requires that the harvest rates of the 20 most important species be estimated.
The important target fisheries have already been considered. To get harvest rates as measured
at boat ramps of 20 species, we need to include the bycatch of the snapper fishery. The
estimated bycatch harvest rates of the snapper fishery are different from those for target
fisheries. ' ‘

The snapper fishery has been expanded to include the following nominated target species:
snapper, blue and pink maomao, blue cod, John dory, Kingfish, koheru, red gurnard, red
snapper, and tarakihi. (Only one target species can be specified in the boat ramp surveys.)
The method was baited hooks including jigging. Again, all trips using trailer boats are
included and the estimated harvest rates are tabulated for QMAs 1 and 9 and for summer and
winter. Strata where less than about 20 fish were caught are not tabulated. Table 29 gives the
harvest rates in the snapper bycatch fishery for blue cod, blue maomao, John dory,
mackerel, kingfish, koheru, pink maomao, red snapper, and trevally. The harvest rates are 1

to very low. They will be affected by the spatial distribution of the snapper fishe:

sampling effort. Only the results for the ratio-of-means estimator, H>, and the p
not catching the species, po, are given. . :

Comparison of size distributions

\
A

Hartill er al. (1998) plotted the size distributions of the mai
boat ramp survey by species, area, season, and day type
weights. Bradford ef al. (1998) compared the 1996 boz
the size distributions collected by diarists. Bradfora
Ministry of Fisheries, project KAH9701) gavg -+
distributions from the boat ramp surveys

Table 30 contains the coefficients in the el - estimate mean whole
weights from lengths (where they and inct scientific names of the

species. Table 31 contains the me dle gether with their c.v.s for the size
distributions plotted in Figures § . . _

Snapper y
Again, the snappgi sizeydpt? are & “ndance. These data have already been used in
various WayS\IXe assee the snapper stock assessment. Here a limited

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

e 1' to June data from the three boat ramp surveys collected from

4% in the North region. The minimmum legal size for recreationally,
M/ ced from 25 cm to 27 cmon 1 December 1994 and hence the roean
S 6 are expected to be higher than before. Figure 11 shows the snapper
e distributidRgAJanuary to June data) in the two major subrkgions of SNA 1 used in the
snapper stock assessment, that is, Bast Northland and the combined Hauraki Guif and Bay of
Plenty. Figure. 12 is similar to Figure 11 but contains January to December data (for 1991 and
1996). The snapper mean weights tend to be slightly higher when the data from throughout
the year are used (Table 31). ¥ mean weights are being used to convert fish number estimates
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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 $mall when compared
with other possible errors in the tonnage estimates. :

Kahawai . &
N .

o ——-———peaks«-exist—and—the—kaham—size_distrihution_has-.a__wid_e

- A, \ __SO; ’
exaggerated by measurers favouring length mtervals of 5 cm, espe "g‘ 00T, A ST
in kahawai mean length can mean a strong 3" year class (fish about 30 cm f&gk length)

present in the fishery in that year, for example.

Figure 13 compares January to June size data from the {ffe¢
and Figure 14 compares the size data in B
Figure 15 compares both January to June and
Plenty. For kahawai, the mean weights were slight]y
the first six months (Table 31). Kahawsj %&;

thinner) at some times of the year, including
Other QMS and rela |
For other species, all th |
Sample sizes are sm%ﬂﬂh
lass appears to have entered the tarakihi fishery in
1991 and 1994 and again between 1994 and 1996.
een the 1994 North region and the 1996 national diary
earch Report to Ministry of Fisheries, project REC9701
weight also dropped slightly between 1991 and 1994 and

tiand  gxe Q aki Gulf.
eCe -'»( om the Bay of

ériod (Bradford 1998b).

mp%he trevally size distributions in TRE 1 and the part of TRE 7 in the
vally are generally smaller in TRE 7 than TRE 1, and the mean weight
1 in 1994 and in TRE 7 in 1996. The number of fish measured in TRE 7

most subsequent plots the number of fish measured may be too small to adequately
sitehate differences -in size distribution from year to year. The species selected are those
here the most length measurements are available. Rock lobsters were measured in 1996
only and their size distributions were plotted by Hartill er al. (1998) and are not repeated
pere. 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 BCO 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 1. The numbers measured of both these species has dropped from 1991 to 1996.
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Figure 20 compares the 1994 and 1996 size distributions of flatfish in FLA 1 and grey mullet -

in GMU 1. These species are mainly caught by set net and samples collected during boat
ramp surveys may not be representative.

Figure 21 compares kingfish and barracouta size distributions. Data from all the North region
are used. Both these species grow large and the plots have been constructed to show th

middle of the size range with data outside the range tumped at the end points. A minimuxfx
legal size of 65 cm is now in place for kingfish. The practice of catch and release is common
for kingfish. '

Non QMS species

Figure 22 compares the size distributions of albacore tuna and skipjack tuna ca
throughout the North region. Observer data from the commercial tuna longliners on gr

weight and length (extracted from the observer database by Lynda Griggs, NIWA)

1o estimate weight length relations. Observers are used on the larger boats (Lynda
pers. comm.) which probably fish further away from the coast than most rec
and these boats catch a wider size range of fish than the recreational fishers

Figures 23 and 24 compare size distributions of koheru (Decapterus
tricuspidata), red snapper (Centroberyx affinus), and pink mao, n long
which are all caught mainly in association with the snapper ese 3 /r
recreational species. No weight-length relations are available &

Discussion | % | %%

This report first describes how, where, and mesiEs AN ' . -
1996 boat ramp survey were canght. Thi : fish connted in the
fishery in the North region and explai
species are limited. Thus the reportA
distributions. The estimated by

~ several species. :
Two estimates of mean Mﬁ he PR ity of not catching the species have been

gdpper harvest rates and size
er fishery were included for

e rhe x.atio-of-means ?sﬁmator (Sylvester 1993a, 1993b, -
b h estimator to use is one for fisheries managers. Of
99> &stimator of mecan harvest rate is used when making

r harvest rates tended to occur within harﬁours and the hi

. ighest
om the highly populated areas. Estimated kahawai harvest rates ;g?l:;
caich of the snapper fishery were generally low (most of the kahawai
harvest 1s as a bycatch of the snapper fishery). Estimated harvest rates in the kahawai
target fishefy were mmch higher; in this fishery the two methods of estimatin

rate often give different resuits. g a mean harvest
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______areas. The target kahawai harvest ratc may have dropped in KAH 1 ?*"‘ 5

o e

The three boat ramp surveys had different emphases on their objectives and the sampling was
stratified differently. To maximise comparability in the data, snapper and kahawai harvest
rate comparisons were made using data collected during the day, at weekends, and during
March and April. Estimates were obtained for diary zones. Estimated snapper harvest rates
were generally highest in 1994. The 1996 values were higher than the 1991 values in East
Northland, the westem and inner Hauraki Gulf, the porthern and middle Bay of Plenty,
‘Waikato, and Kaipara. . '

The harvest rate of kahawai as a bycatch of the snapper fishery may havg i f
"~ and may have increased s'omcwhm—m—EQ&-—'ic:ta:get:—kahawai_
KAH 9 between 1991 and 1994, and there were insufficient data to

Vase
The target kahawai fishery (targeting surface schools) a

kahawai recreational harvest in the North region (un
However, it probably Jominates people’s perception

Little is known about the percentage of the kaba piigHon th
time, but this percentage seems to be generiN) 1)(may

variable depending on environmental factog

The 1990s kahawai barvest rates irCie Ria Q et al. 1998) are for the
snapper bycatch fishery. The earlier ' or the Kahgwga\parvest rate (Penlington 1988)

best approximate the kahawai

Target fisheries for tarag
mullet (set net), and tend

ongline and set net), flatfish and grey
in (trolling) exist and for some of them
rates (using all available data).

or rock lobster, scallops, and greenshell mussels
4 and 1996. No shellfish data were collected in 1991
. the counting of animals may have been inconsistent.
to mos shellfish species appear to be limiting the harvest and

ted from the three years were plotted and mean lengths and weights
data were sufficient, lengths from January to June were used. Some
A the January to December data suggest that just using data from part of the
ZHoducing a small bias (in either direction depending upon the species). Thus,
: Simations of overall tonnage (from a mean weight and a number estimate) could
5 where the quantity of data allows, though any difference in tonnage would be small
e compared with other errors in the tonnage estimates. T e

@ The size distributions of most of the species are inadequately defined in most years. Bradford
(19982) combined lengths measured in different years to estimate mean weights.
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method combinations used in the tables, Some unrelated

Method

Bait
Diving (dive)
Expert (expt)

~ O?oangu.

2o them: batloon fishing, kite fishing, kon tiki,

Jigging Gig)
Longline (Lline)
Netting (nets)
Trolling (troll)
Shore (shr)
Hand

Other

Iy

Table 2: Explanations of the variables used (n th

definitions of the estimators are given in Append

n The number of trips involved

Fish “The total number of fish of the specics of 1y

Hours The total number of hours iavolved

H, The mean-of-ratios estimator of harvest rate, tha individ
harvest rates :

H, The ratio-of-means estimator, that is, the ratio of the ¢ caught to
total number of hours fished

Po The peobability of not eatching the species, that is, the fracti \ trips

R A categorisation of the values given by Hyt A208:0635B<08; q
025D <04:E<02

Table 3: Percentage of trips by method and region [u 1996, Within the table, the numbers are the
percentage of trips on which the method was used in the reglon. The numbers in the margins glve
the percentage of trips made in each region, and the percentage of trips on which the method was
used. The methods are defined in Table 1. - means ne trips were made

% by
Region Bait Dive Bxpt Jig Lline Nets Troll  Shr Hand Other region

Bay of Pleaty 312 410 133 162 T8.1 163 358 . 285 1000] 316
EastNocthiand 205 48.1 267 415 45 122 41 6 124 4 247
Hauraki Gulf 298 56 533 340 15 50 33 634 19.6 - 253
West coast 187 53 61 84 90 663 1715 - 395 -| 184

Total
(% by method) 769 66 02 35 04 14 g8 of 21 o00f 1000

Table 4; Percentage of trips by method and target species In 1996. Within the table, the numbers
are the percentage of trips on which the method was used for the target species, The numbers fn
the margins give the percentage of trips on which the species was targeted, and the percentage of
trips on which the method was used. The methods are defined in Table 1. - means no trips were
made

% by
Target . Bait Dive Expt Jig Lline Nets Trol  Shr Hand Other specics
Flatfish - - - - - 515 - - - - [+X ]
Grey mullet - - - - - 172 - - - - 02
Redgumard -~ 08 - . 09 15 05 .- . - - 0.7
Kehawai 08 . 167 49 . 36 285 - . - 31
Kingfish 10 14 167 138 15 14 100 - 06 . 23
Snapper 646 23 433 557 s07 18 01 103 . 200} 521
Terakihi 25 - - 09 - 03 - - - - 20
Trevally 02 . - 03 - - - - - - 0.2
Mixed fish 200 45 233 197 343 113 84 895 12 600] 245
Any tuna 0.1 - . 05 15 - 203 - - - 19
Oxher finfish 09 10 . 33 104 S4 29 - 49 200 1.4
Steiped marlin - - - - . - 328 - - - 29
ny sharks 0.l - . - - 05 - - - - 0.l
8 -_%28 - - - .- - 934 - 8.0
ay target .
by rpgthod) 169 6.6 0.2 s 04 14 83 0.t 2.1 00| 1000



MMHW .Mu Mean length of trip (hours) by method and region in 1996. The methods are defined in v Table 7: Total harvest of 7-5&. (FLA), grey muilet (GMU), red gurnard a.ca John dory
e 1. - means no trips were made . {JDQO), jack mackerel (JMA), kshawal (KAH), kingfish (KIN), snapper (SNA), tarakihi (TAR),
. and trevally (TRE) by .S._T.. counted in the 1996 boat ramp survey

Region Bait Dive Expt Mehod FLA GMU: GUR JDO JMA KAH KIN SNA TAR TRE
Bay of Plenty 328 1.65 069 3 :
EastNorhland 358 140 4.0 Dive L I A o S e
HaunkiGulf 383 143 384 4 Expt 0 ol o o 2 16 o 22 0
West coast 371122 850 : 3
| . / O . Jig 0 0 40 9 96 368 36 740 33 106
Any uarget 0 Lline 0 0, 104 2 0 5 2 116 0 1
(% by method) - 358 150 377 fua 349 400 3.77 4.50 \ Nets 837 ng ! 2 1 ] 80 0 6 2 10
“ / Troll [+] 0 10 3 1 602 28 17 9 9
_
|
Table 6: Mean length of trip (hours) by method and target species in 1996. Th&x re ) +
defined in Table 1. - means no trips were made - Table 8: Harvest rales (fish per hour estimated by ratio-of ) of flatfish (FL.A), grey mullet
_ t . ‘ (GMU), red gurnard (GUR), Jobn dory (JDO), jack mackerel (JMA), kahawai (KAH), Kiagfish
' ‘ v (KIN), snapper (SNA), tarakihl (TAR), and trevally (TRE) by method from the 1996 boat ramp .
Target Bait Dive Expt !Jig Lline Nets Troll  Shr Hand Other s survey - . :
Flatfish . L. - 357 - - - . 357 x ethod FLA GMU; GUR JDO JMA  KAH KIN SNA TAR TRE
Qrey mutiet . i - 486 - - . . 4.86 alt - - 0043 0006 0034 0.37 d.oom 0470 0052 0039
Red gutnard 3.16 48 400 1.50 - - - -1 308 Dive - o . 0051 . 0004 0087 0134 0018 0051
Kahawat 3.02 .33 - 384 108 - - - 1.58 - B - - 0013 0141 - 0194 - 0026
Kingfish 4.1 472 175 275 193 . - 235 - 3.17 . )i - i 0018 0004 0043 0165 0016 0324 0015 0.048
Snapper 3.60 5 352 925 075 483 - 300 363 3 0.009 - 0021 0009 0496 - 0004
‘Tarakihi 343 i2.60 - 750 - - - 345 . )49 1 0.001 - 009 - 0007 0002 0011
Trevally 2.83 1.00 - - - . - o269 Trol 0.001 . 0111 0005 0003 0002 0002
Mixed fish 356 '3.90 3.88 530 444 324 248 550 3.5% .
Any tuna 470 .58 2.50 - 392 ! - - -4 3;
Other finfish 3.60 3.0 236 121 387 - 106 300 319
Striped martin - - - - - - 637 0 - - -] 617
Any sharks 5.20 - - i . - 600 - - - -] 325
Shelifish 461 136 - il . - - . - 4133 -1 21
Any target )
(% by method) 358 150 377 .386 349 400 377 340 414 450 349




Table 9; Total harvest of flatfish (FLA), grey mullet (GMU), red gurnard (GUR), John dory Table 11: Tota! harvest of Matfish (FLA), grey mullet (GMU), red gurnard (GUR), John dory

(JDO), jack mackerel (JMA awai (KAH), kingfish (KIN), snapper (SNA), tarakihi (TAR), (JDO), jack mackerel (JMA), kshawal (KAH), kingfish (KIN), snapper (SNA), tarakdhi (TAR)
and trevally (TRE) by re counted in the 1996 boat ramp survey and trevally (TRE) by target species as couated in the 1996 boat ramp survey. The numbers m.n
bold are when the caught and target species were the same .
Regton FL MU JDO JMA KAH KIN SNA TAR TRE
Target FLA OMU GUR IDO JMA KAH KIN SNA TAR TRE
Bay of Plenty 83 431 2133 139 6423 2188 615 Flatfish 812 36 0 0 0 12 0 0 0 3
East Northland k]| 257 1558 110 4948 175 784 Grey mullet 1219 0 0 (] 39 (4] 0 0 1
Hauraki Gulf 29 0 859 18 8039 23 190 Red gurnard 0 0 82 0 i 89 0 138 0 25
West coast 696 303 28 2626 14 M8 Kahawai ¢ B 6 0 24 628 s 36 2 7
Kingfish 0 0 8 13 62 220 71 105 5 84
. Snapper 4 0 1054 175 1177 3436 152 17476 527 | 240
Tarakihi .0 0o 3 13 4 68 2 250 1348 26
Trevally 0 0 2 0 0 3 0 0] 3 15
Mixed fish 22 56 875 64 331 2613 67 . 3914 495 491
Table 10; Harvest rates () 1 es) of flatfish (FLA), grey mullet Any tuna 0 0 0 3 1 47 6 15 0 1
(GMU), red gurnard (GUR) dA ) kahawai (KAH), kingfish Other finfish 0 0 ] 21 22 40 6 90 20 12
(KIN), snapper (SNA), tarakilii (TRR) snd tom the 1996 boat ramp Striped macin 0 o 8 Y o 17 3 2 0 2

survey
N

Region FLA GMU GUR

BayofPlenty 0005 - 0.074 :

East Northland 0002 0002 0.002 Table 12: Harvest rates (fish per hour estimat d as ratio-of- ) of flatfish (FLA), grey mullet

Hauraki Guif 0002 - 0.001 (GMU), red gurnard (GUR), John dory (JDO), jack mackerel (MA), kahawal (KAR), kingfish

West coast 0.065 0028 0.084 (KIN), snapper (SNA), tarakihl (TAR), and trevally (FRE) by target species from the 1996 boat
ramp susvey. The harvest rates in bold are when the caught and target species were the same
Target FLA GMU GUR JDO IMA KAH KIN SNA TAR TRE
Flatfish 1792 0079 - - - 0026 - - - 0007
Grey mullet 0.005 1.186 - - - o211 - - - 0005
Red gurnard . - 0233 - 0003 02358 - 0.400 - 0073
Kahawai 0016 0008 0.030 0789 0.006 0045 0003 0.009

. 0007 0011 0052 0186 0063 008 0004 0071
. 003 0006 0038 0.1l 0005 0.566 0017 0.040
. 0028 0012 0004 0062 0002 0227 1226 0.024
- 0029 - 0443 0.143 0043 0.214

: Snapper
Tarakihi
Trevally . -
o Mixed fish 0002 0004 0061 0004 0023 0483 0005 0275 0033 0.034
w Any tuna . - . 0003 0001 0039 0005 0013 - 0001
Othe finfish . . 0007 0030 0031 0057 0009 0.129 0029 0.017
’ ) : triped marlin - - 0003 . . 0006 0001 0.001 - 0001

Kinghish
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Table 13: Harvest cate (fish per hour esti
method (Table 1) for 10 finfish specles. D
region. - indicates no harvest. The harvest rale is shown )

i

imated b
ta are

involved, and in italics when the harvest rate is greater
M

Method FLA GMU GUR KIN
Flatfich wh
Bait - . 000 ‘000 000
Dive B
Expt - - - 000 000
lig . 000 000 000
Lline .. 000 ![ - 000
Nets 179 001 000 ;000 0.00
Troll - - - (000 000
Grey mullet iy
Bait - . 000 (000 000
Dive - - i - 000
Expt - - m_o.oo 0.00
Tig . 000 ‘l000 000
Lline - - 000! - 000
Nets 008 119 000 1042 000
Trall . - .1]ooo 000
Red gurnard
Bait . 021 -| 001 001
Dive - . . 000
Expt - - . | 000 000
tig . 000i| 000 000
Lline - - 225 . 000
Nets 0.00 000 1.33:| 000 000
Troll - - .1 001 000
{
John dory :
Bait - . 000| 000 002
Dive - 4 - 000
Expt . il oo0 000
Jig - 000/ 000 00!
tline - . . 000 - 000
News 000 000 O.ow noo 000
Troll . . _. 0.00 000
Jack mackerel ;
Bait - . 000 008 0.12
Dive - . - 000
mnv_. 1 0.00 0.00
sig o.ww 000 000
Lline - . 000 . 000
Neis 000 000 009 000 000
Troll - - . 000 000

@

SNA

0.00
0.00
0.00
0.00
0.00
0.08
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.03
0.00
0.00
0.01
0.24
0.00
0.00

0.01
007
0.00

000 .

0.00
003
0.00

0.04
0.00

0.08
0.00
0.00
0.00

000
0.00
0.00

1 -

0.03

0.00

0.00

0.00

Dive
Expt
0.00 lig

001

0.00
0.00
0.00
0.00

0.04
0.08

0.02
0.00
000
0.00

000
0.00

0.34
0.00
0.00
0.00

Method

Kahawsl
Bait

Lline
Nets
Troll

Kingfish
Bait
Dive

Table 13 — continued .

FLA GMU GUR KAH

0.03

|
|
i
\
i

o2

i

027

0.00
0.00
0.00

0.42

0.65

0.60

049"

0.85
0.94

KIN

0.21
0.00
0.00
0.23
0.00
0.00
016

0.05
0.17
0.00
0.08
0.00
0.00
0.04

0.14
023
0.00
0.05
0.00
0.00
0.00

0.00
0.00
0.00
0.02
0.00
0.00
0.00

SNA TAR TRE

0.11
001
0.00
0.14
0.03
0.00
2.67

0.00
0.09
0.00

0.00 -

0.00
0.00
0.00

0.06

0.08

0.00

0.00

-

0.00

-

0.00

023

0.54

0.00

0.13

046
0.00

0.00

0.00

- 04

GEN Oth
0.19 - 0.06
000 000
0.30 -
0.18 000
002 000
002 000
020 009
000 001
004 000
0.00 -
002 000
001 006
000 000 -
oot 000
029 020
002 0.00
0.24 -
028 0.05
049 000
004 007
002 000
0.04 005
006 000 -
0.00 -
005 000
000 000
000 000
001 000
004 003
0.00
200 -
005 000
oot 000
002 000
0.00

Gaeemges ,.a.q%&é}..t.ﬁﬁ%



Table 14: Snappew iy

fish per hour) by baited line or jigging by fishing location and

time stratum la 19 ' per or “gencral fish™ was the target, See Table 2 for an
explanation of the colu! c.v.5 are expressed as percentages
Locality Time stratul Fish Hours H o H, cov po cw
Notth Cape to Cape Brett
Mangonui 0553 59 0533 65 042 38
0556 67 0535 75 044 42
75 0530 85 042 48
139 0549 (55 047 87
t1.6 0526 1283 037 30
Taupo Bay 162 0427 186 039 88
0502 187 030 8.1
Summer, 0617 207 030 9.0
WhangaroaH  Total 76 074 157
2 Summer 60 075 173
Summer, weekend 17 0.86 309
Summer, weekday - 4 057 188
Bay of Islands
Black rocks Total 285
Summer 206 376
Summer, weekend 139 226
Sununce, weckday 67 150
Wintet 80 197
Cape Brett Total 116 234 414
Summer 75 110 225
Summer, weekend 58 61 170
. Wintet 4 124 189
Rawhiti Total 281 509 906
Summer 204 396 691
Summier, weckend 146 259 500
Summer, weekday 58 137 190
Winter - 7T 13 s
Russelt Total 139 176 37
Sumflec 103 127 278
Summer, weekend - 67 68 18I
Summer, weekday 6 59 9N
Winter 36 49 100
Whangarel Harbour
Whangarei H.  Tota) 307 673 1100 0672 9.0 0612 83 041 47
Summet 281 656 1012 0.718 9.1 0648 84 038 47
Summer, weckend 192 448 707 0701 10 0634 97 041 60
Summer, weekday 89 208 306 0.753 164 0680 163 034 16
Winter 26 88 0.182 330 0.193 393 065 270

CmmDpwWOnNODBOAOM

wHww

mEUwoe
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Table [4— continued

Locality

Time stratum

Cape Brett to Cape Rodney

Bream Bay

Hen&Chickens

Poor Kmghts

Taiharury

Tutukaka

Barrier Islands
Little Bamer

Kawau

Western Gulf

Mid Haunki G

Omaha Bay

%,
X

P P

Total

Summer

Summer, weckend
Summer, weekday
Total

Summer

Summer, weekend
Total

Summer

Summer, weekend
Summer, weekday
Wiater

Total

Summer

Summer, weckend
Sumymer, weekday
Total

Summer

Summer, weekend
Summer, weekday

Total

Total

Summer

Summet, weekend
Summer, weekday
Total

Summer

Summer, weekend
Total

Summer

Summer, weekend
Winter

Total

Summer

Sommer, weekday

X

n  Fish Hours

19
13
7
41

95

135
110

s

103
39

4
138
127
101
26

33

222
21
142

76
59

Yo

257
239
123
6
209
198
m
284
213
156
57
T
167
140
10t
39
167
155
102 .
53

419
391
280
$1)
432
421
264
361
401
257
144
160
4
334
257
3
472
424
kX
90

628
597
383
24
147
1?

.43

155°

113
43
323

181

H,

0.928
0.944
0.816
L170
0445
0433
0418
0587
0579
0.664
0.396
0459
0501
0484
0.385
03754
0323
4332
0304
0441

.

164
169
280
152
1y
121
156
155
179
220
216
201
14.1
152
170
268
129
133
158
45

188

95

94
(1N
13.1
1S
115
10.5
48
2860

© 332

433
139
154
158

H,

0.614
0.612
0440
1045
0.483
0470
0423
0.506
0.531
0.606
0.396
0445
0435
0419
0.393
0503
0.354
0.366
0.305
0.591

0.690

0614
0616
0679
0.504
a2
0712
0.864
0.341
0.395
0311
0.168
0.335
0.364
0414

(A

12,9
134
187
205
132
137
180
1o
129
159
199

192

144

158

188
30.0

4.2

14.8

156
309

203

94

9.5
118
15.4
209
209
28
24.1
258
340
478
122
1335
139

Pa  Cv.
034 66
035 170
038 9.
032 106
042 87
043 89
044 122
036 65
040 7.8
039 92
043 146
020 100
046 9.0
047 - 100
049 122
042 173
054 92
052 92
053 107
046 182
027 107
039 54
038 54
041 10
032 82
004 4.1
004 4.l
005 5.t
068 173
062 183
072 287
081 402
042 87
042 98
037 100

R
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Table 14— continued Table 14 — continued

Locality Time stratum Fish Hous_  H, Locality Time stratim n Fish Howrs H, ev. M, ev p ev R
: Northern Bay of Plenty '
! N
_ﬂ”.nsm,_n__mr tonl asil oas MercuryBay  Total | 188 240 511 0543 126 0469 98 047 69 C-
Summer 41 857 Summer | 188 240 Si1 0543 126 0469 938 047 69 C
e weekend 241|417 Summer, Weekend 127 149 330 0.545 163 0452 11.) 045 30 C
Summer weekend 241 417 _ Summer,weckdsy' 61 91 182 0538 194 0500 184 052 134 C
Winimess [ Shoe & Slipper Total 454 759 1662 0574 109 0457 67 045 42 C
Noisies Group - Total : ne 481 Summer 333 532 1173 0564 125 0454 83 047 5.1 C
p mo. ¢ D Summer, weckend 253 397 877 0.609 149 0453 95.047 60 B
m__aaa rond mw 373 / Summer, Weckday 80 135 295 0421 154 0457 17.1 045 101 C
Summer, weeken 48 238 . Winter 121 227 490 0.601 219 0464 11.1 040 74 B
wmmer, weekday uw 135 " Whangamata  Totl 153 281 429. 0.650 112 0655 113 044 7.1 B
- Wiater 1ne 78 Summer 77 139 187 0903 125 1010 141 034 B A
angitolo Ch.  Total sty 527 Summer, Weckend 352 129 128 0952 146 1010 164 029 88 A
Summer 163 351 . Summer,weckday 25 60 60 0801 245 1008 276 044 177 A
w..ﬁ... ﬁnﬂa Mm “ww : Winter 76 92 242 0413 201 0381 175 054 124 C
U 1 {8 y . ’
Winter - 358 176 ” . Middle Bay of Plenty |
TamekiStr.  Total : 90t 1574 _ -0 c Matakanafs. Total. 467 927 1594 0614 7.5 0581 66 045 410 B
Summer 682 1529 2840 0575 570538 44 030 c Summer 328 828 1128 0796 178 073 71 037 42 B
Summer, weskend St 1111 2122 0560 7.0/0524 52 032 c : Summes, weekend 186 485 598 0910 99 081l 88 032 51 A
Summer, weekdsy 167 418 718 0622 9.1 0582 84 025 45 B Summer, weekdsy 142 M3 530 D647 124 0647 117 042 72 B
Winter 219 445 386 0519 124 0502 82 033 37 / Winter 139 99 466 0.185%12.6 0212 135 063 i1l B
. Mayogs. Tol | 38 79 175 0555 239 0451 237 047 154 C
Firth of Thames " Winter | 22 43 36.0.660 325 0503 362 055 234 B
Firth Thames  Total 1439 0723 69 0668 60 024 30 B s. Total | 115 264 471 0.604 (28 0560 130 040 76 B
Summer 1164 0665 69 0618 66 024 34 B . : 87 158 343 0517 170 0461 172 047 104 C
Summer, weekend 830 0.654 8.1 0603 75 023 33 B 48 88 180 0440 220 049 218 038 171 C
Summer, weekday 284 0692 132 0662 135 029 7} B 39 70 164 0612 257 0428 280 033 113 B
Winte 275 0992 185 0881 127 021 65 A 28 106 128 04873 175 D328 379 018 88 A
. 84 228 315 0840 156 0723 126 031 73 A
o “ o i n o b o o) 4
. Total 728 2369 3052 0.850 44 0776 4.1 025 21 A . 78 89 0996 181 0. 9 0. X
Coromndel s Summes m_sw 1267 1582 0770 5.3 0.301- 59 026 30 B 44 100 185 0490 165 0540 185 036 114 C
Summer;weekend 344 1206 1420 0810 54 0844 61 024 30 A
Summer, weekday 35 61 153 0375 182 0400 199 043 146 W ’

Winter 39 1102 1470 0937 69 6749 3535 023 29

et el e N R AT TRV



Table 14 — continue

Locality stra) n Fish Houts H; cv H: e
Tauranga Harbo .
Katikati Tol 298 189 649 0260 15.8 0291 158
Sum 276 189 603 0.281 157 0.313 157
Summer, week ‘ 137 383 0329 182 0358 177
Summer, weekday 52 221 020f 308 0236 2.7
22 45 0.000 - 0.000 -
Te Puna Inlet 28! o 992 0221 124 0242 13.5
' 13.7
1 18.0
134 19.2
54 59.0
Eastern Bay of Plenty
Matata Beach  Total
* Summer
Summer, week
Summer, weekda:
Winter
Ohiwa H. Total
Summer
Summer, weekend
Winter
; Opotiki Total
Summer
Summer, weekend 184
Sumumer, weckday 47 185
Winter 133 208
Cape Runaway Total 476 824
Summer 2713 478
Summer, weekend 162 238
Summer, weekday 111 240
Winter 203 346
Whale Island  Total 295 556
Summer : 206 418
Shimmer, weckend 135 199
Summer, weekday 71 219
Winter 89 138 309 0442 18.3 0.447

Po

0.79
0.78
0n
0.87
1.00
0.70
0.65
0.60
0.69
091

v

13
1.2
12.3
49

9.0
89
123
12.8
426

Table 14 — continued

R Locality

Waikato
Albatross Pt.
Crayfish Pt.

Kawhai H.

Papanui Pt.

mUoUOoOmLUUL

Raglan H.

Time stratum

Total

Summer

Total

Summer

Summer, weekend
Total

Summer

Summer, weckend
Total .
Summet

Summer, weckday
Winter

Total

Summer

Surmmer, weekend
Summer, weekday
Winter

Manukau Hacbour
Maoukau Hds  Total

Ly>>mmmmp»>>>>

Papakura Ch.

Purakina Ch.

Waiuku Ch.

Wairopa Ch.

Summer

Sumimer, weekend
Summer, weekday
Winter

Total

Summer

Summer, weekend
Summer, weekday
Total

Sumsmer

Summer, weekend
Summer, weekday
Winter

Total

Summer

Summer, weekend
Summer, weckday
Total

Summer

Wiater

20
20
65

35
31
3

80
51
40
28
561
339
244
95
222

293
198
153
43
95
483

316
149
i
141
86
55
30
98
922
61
k1]
74
20

Fish

27
27
186
171
138
10
10

169
96
¥
73

149

140

42

261
259
187

n

488
472
214

178
175
83

141
139
105

58
57

Hours

76
76
260
200
143
80
80
48
57
273
197
134
1925
1188
851
337
737

12714
950
760
190
323

1741

1680

1153
521
665
557
st
206
108
31
300

186
‘114
283
67
by

H,

0387
0387
0873
1.052
1.184
0.129
0.129
0.146

0442 .

0413
0374
0493
0477
0.118
0.110
0.139
0.015

0.158
0231

0.199

0349
0.005
0295
0.295
0248
0.395
0.274
0.329
0.235
0.476
0.014
0.719
0.157
0.993
0.294
0.212
011N
0.008

c.v

415
4135
233
2317
219
328
328
361
201
283
355
27.6
14.1
146
183
4.1
387

125
120
143
215
714
71
7.1
101
94
109
104
5.3
132
735
237
239
26.8
220
358
3Lt
100.0

[AA

438
43.8
221
2.8
26.1
379
379
359
212
N4
373
26
14.6
15.1
19.7
207
364

132
12.8
15.1
243
705
6.7
6.1
9.6
87
us
1.7
163
153
739
14.7
147
18.2

21.8
385
35.6

100.1

Po

0.50
0.50
0.55

047

043
0.74
0.74
0.70
064
0.69
0.70
0.55
0.86
0.830
0.82
0.75
0.96

0.73
0.62
0.65

0.51

098
0.51

051

0.58
0.36
0.53
0.44

0.53
0.29
0.93
044
041

038
043
0.85
0.50
098

A

224
224
138
132
14.6
30.5
30.5
342
148
207
242
206
106
10.7
135
17.6
kN

9.7
20
10.8
156
700
47
47
6.6
6.1
8.1
2.5
11.6
8.6
68.3
89
8.7
10.0
174
21.8
224
9.1

=
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Table 14 — continued

Locality

Time stralum

Kaipars Harbour

Helensville

Pouto

Dargavllie
Hokianga Entr.

Hokianga H.

Total

Summer

Summer, weekend
Total

Summer

* Summes, weckend

Total

Summer

Summer, weekend
Total

Summer

Summer, weekend
Summer, weekdsy

Fis

208
208
197
173
173
m

147
147
110
208
208

51
157

106
106

75
284
284
126
159

H,

1442
1442
1422
0819
0819
0.351
1,241

c.v

13.8

138

158
168
168
18.1
154

Po

[N A

Table 15: Snapper __-.4..8. rates (fish per hour) by baited line or jigging by &-Q zone and time

steatum in 1996 where snapper or “general fish” was the target. See Table 2 for an explanation
of the column headings; The c.v.5 are expressed as percentages

Time stratum ' a  Fish Hours H, cw Hy ¢v. | po ev R
North Cape to Cape Brett :

Total 744 | 245 2589 0500 54 048! 57 .046 34 C

Summer 619 1007 2086 0.504 60 0483 65 046 37 C

- Summer, weekend 437 707 1444 0487 68 049 78 1047 45 C

Summer, weekday 182 300 642 0546 120 0467 115 045 66 . C

Winter * 129 238 503 0479 1.2 0473 1.7 042 77 €

Bay of Islands )

Total 903 1617 3050 0532 49 0530 48 044 30 C

Summer 636 1088 2072 0514 59 0525 60 047 37 C

Summer, weekend 1429 633 1346 0440 72 0470 76 050 49 C

Summer, weekday 1207 455 727 0.668 96 0626 94 039 55 B

Winter 267 529 977 0.575 89 0541 81 039 49 C
Cape Breit fo Cape Rodney )

Total '$99 1085 2235 0544 75 0475 59 -043 36 C

Summer ;541 946 1989 03550 8.1 0476 63 .044 38 C

Summer, weekend (367 594 1393 0509 114 0426 - 7.9 045 47 C

Summer, weekday (174 352 596 0638 100 osfo 105 042 64 B

Win .58 139 296 0486 162 0470 153 033 22 C
garpl Harbour :

673 1100 0.672 2.0 0612 33 041 47 B

1012 0718 9.1 0648 84 038 47 B

707 0.701 11.0 0.634 97 041 60 B

306 0753 164 0580 163 034 76 B

88 0182 330 0193 393 065 270 B

0540- 145 020 61 B

0568 153 013 3 B

0572 152 042 50 B

0.509 72 043 43 C

0.541 74 040 43 C

0597 101 043 61 B

0464 101 031 - 57 C

0290 252 064 179 D



s

Table 15— co
Time stratum

Inner Gulf
Total
Surmmet

~ Summer, weckend
Summer, weekd
Winter

Firth of Thames
Total
Summer
Summer, weekend
- Summer, weekday
Wintet

2346

Eastern Guif
Total 732
Summet 379
Summer, weekend 344
Sumpoer, weekday 35
Winter 353
Northeen Bay of Plenty
Total - 819
Summer 619
Summer, weekend 445
Summer, weekday 174
Winter 200
Middle Bay of Plenty
Total 704
Summet - 474
Summer, weekend 262
Summes, weekday 209
Winter 233
Taurangs Harbour
Total 587 429
Summer s1 420
Summer, weekend 213 1225
Summet, weekday 238 195
Wintet 16 9
Eastern Bay of Plenty
Total 1401 2N2
Summes 896 1821
Summer, weekend 616 1053
Summer, weekday 280 768
Winter s05 891

1640
1414
796
618
26

4626
2800
1892

909
1825

H

0.452

0241
0272
0.285
0.258
0.030

0.620
0.671
0579
0.872

0.531-

A

103
103
14.1
15.3
550

4.6
5.6
12
88
8.1

H,;

0.442

0.262
0297
0.283
0.316
0.040

0.586
0.650
0.557
0.845
0.488

cv

103
104
130
16.7
59.3

45
5.4
14
19
78

Po

0.46
0.36

0.51

0.49
053
0.40
0.54

e

19
1.9

21
33
43
49
43

=

Table 15 — continued

Time stratum

Waikato
Total
Summer
Summer, weekend
Summer, weekday
Winter

Manukau Harbour
Total
Summet
Summer, weekend
Summer, weekday
Winter

Kaipars Harbour
Total
Summer
Summer, wee
Summer, weekday

Dargaville
Total
Summer
Summer, weekend
Summet, weekday

773

329
176
268

1127
918
630
288
209

155
155
129

126
126
68
58

Fish

554
. 487
290
167

1127
1103

438
24

38
a8
369

12

355
355
161
194

Hours

21753
1814
1146

939

4308
3561
2489
1om

743

574

391
N
201
190

H,

0.198
0.263
0.256
0215
0.077

0.286
0.343
0.309
0418
0.035

0.648
0.648
0.727
0255

0962
0962
0.698
1273

(A

119
13.0
173
193
5.8

6.9
69
104
73
402

12.1
121
125
333

122
122
4.8
172

H,

0.201
0.252
0.253
0.250
0.103

0.262
Q310
0267
0409
0032

0573
0573
0.643
0.131

0.908

0.802
1.020

[AA

115
122
16.5
19.8
268

54
53
190
7.8
339

12.1
12.1
121
219

110
110
169
144

Po

0.79
0
0.4
071
0N

059
0.51
057
038
0.94

0.35
03s
030
058

032
032
040
022

C.v.

IA
73
93
118
199

36
34
46

46

280

59
59
58
229

6.1
6.1
98
71

o
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Tadle 16: Comparison by year of Snvv.r_.. harvest rates (fish hour) b |
where snapper or “‘general fish” was the] 3 ope i Aoy ek . 4

rget by diary zone during March and April week Table 16— continued
See Table 2 for an explanation of the col _ ) headings. The c.v.s are given as uuzzw»-nznn nds. Y
u ear n Hours H, (X' H, ew Pe cw. R
Year n Fish  Hours H) 3 Walkat ,
atkato
)

North Cape to Cape Brett } _ 1991 561 2007 0078 147 0075 15.6 0.87 109 E
1001 297 182 1039 Ol w_u 12 1994 151 571 0544 155 0.506 143 057 o”& [ o]
“wwm Nw“ “wm o ool 1630 men_s.. :.u.w - 507 01450 235 0140 252 077 153 E

9 850 N i

By of stands 81 o 1991 735  906] 2289 0436 9.7 0396 92 07t 5.8 C
A 258 95 1403 99 0282 1994 58 1 :o_ 2075 0635 1.1 0554 .1 053 43 B
1994 36 1061 1594 61 0666 R_nﬂwhn- IEWM.__-. AQUW 1610 0292 8.3 0.288 8.2 051 52 | o]

O_novooow_,nz. .o_wu_u pe —nw“w o 660 94 0568 1991 320 q;». 1358 0515 85 0.546 8.6 053 5.9 [ of
e A oy 298 99 0362 1994 100 317i 337 0922 144 0969 14.0 041 8.3 >

A . 1996 62 169 282 0.679 1.2 0.600 11.0 0.24 7.2 B

1994 134 265 417 124 0636 Dargavifle ' i ’ :

%NNW el -.N.nue 395 892 121 0443 1991 40 _out 97 Li174 22.t 1088 25.2 042 13.6 A
_ow_n T an-o our s 842 155 0373 ' 1994 92 noﬁ 265 1.016 133 1095 15.% 0.32 7.1 A ’
el 30 s b 155 o . 1996 39 1 _w 117 0915 169 1,006 204 ) 0.28 10.0 A
1996 W 34 4 125 0767 _ . :

Western Gulf .

1991 606 747 2144

1994 722 1419 2456
1996 159 247 409
Inner Gulf

here snapper or * 1 fish” was the target in barbours wiich are not separate diary zones
1991 3178 5062 11552

75 0348 84 059 48 :
57 0578 59 043 33 ’ . :
127 0.604 129 0.50 8.0 able 17: Comparison by year of snapper harvest rates (Osh per hour) by balied line or jigging

29 0438 30, 031 1.8 fiuring March and Apri{ wetkends. See Table 2 for sn explanation of the turon hesdings. The

1994 3509 10229 13585 22 0753 23 031 11 cv.s ven as percentages .

1996 498 1150 2054 57 0560 53 033 31 )
Firth of Thames : :

1996 S 161 235 ofie 97 oess 97 002 19 Fh Hows My ew  Ha o ew e em R
i o 0.873 oaw 0.19 50 bo) “

1991 94 308 353 921 84 O. . 2 L

1996 155 720 7S 1053 70 1007 17, 011 28 1991 0.033 399 0083 423 090 359 E
Northern Bay of Plenty __ . 1996 0.143 ©0 0099 555 082 452 B

1991 733 917 2152 0410 63 0426 66 061 4.6

1994 379 790 1699 Q475 8.1 0465 73 053 44

. i harboug
1996 288 544 998 0761  it4 0545 75 034 42

wpy» mUO >0 waon »r w avn ;@

0285 394 0296 305 084 222 D
Middle Bay of Pleaty i 0033 516 0028 523 095 486 B
1991 220 404 76 0519 110 0521 123 048 64
.—.~ 996 nga :»-.p—umo_:. 309 299 —.__3 123 1033 106 021 56 132 00S4 208 088 182 s
aurs . .
1991 1226 2615 4815 o*uao 48 0543 49 051 29 .
1994 417 816 1462 0674 104 0572 87 056 55 w_-co_ ; o 0060 212 082 189 B8
1996 123 n 407 2tk 0175 164  0.69 135 Lo o0 U2 0% me ]
! . 234 0.80 179 B
Mﬂwwﬁ—na Bay MMM-«: -w.a 16 1631 67 0868 67 044 33 1996 0.098 .
1994 416 1408 1464 66 0962 68 036 3.7
1996 382 78 1135 85 0630 79 052 53

S e



Table 18: Kahawal harvest

KAH 1 and time stratum in L
jigglng with snapper or “gene
headings. Thec.y.s are expressed as percet

Time stratum

n

North Cape to Cape Brett
Total
Summer
Summer, weekend 43
Summer, weekday 182
Winter 125
Bay of Istands
Total - 903
Summet 636
Summer, weekend 429
Summer, weekday 207
Wiater 267
Cape Brett to Cape Rodney
Total 599
Summet 541
Summer, weekend 367
Summer, weekday 174
Winter 58
‘Whangare! Harbour
Total 307
Summer 281
Summer, weekend 192
Summer, weekday 89
Wiater 26
-
Barricr Islands
Total 69
Sunuuer 54
Summer, weekday 52
Westera Guif
Total 415
Summet 359
Summer, weekend 219
Summer, weekday 140
Winter 56
Inner Guif
Total 2346
Summer 1504
Summer, weekend 1 012
Summet, weekday 492
Winter 842

(fish

ish  Hode H, XA Po X
9.1 075 6.3

0.74 68

0 1.6

030 149

079 1715

178
229

170
143
102
41
27

15

)

a 88 0348 293
10 345 0076 311 0087 411 087 31l
30 291 0097 366 0103 408 083 304
‘99 287 0091 395 0101 421 085 325
38 1270 0027 212 0030 283 085 213
27 1107 0024 266 0024 256 095 230
1s 642 0024 361 0023 355 095 309
12 466 0023 316 0026 2368 094 343
i 162 0049 750 0.068 754 095 562
701 9004 0074 68 0078 62 084 47
326 6001 0050 8.6 0054 8s 087 68
257 4089 0056 97 0063 99 086 2.7
69 1912 0036 1 34 0036 163 091 14.0
175 3003 0.116 99 0.125 81 078 6.5

hour) in the snapper bycatch fishery by diary 2one In
p target fishery was defined as using baited lines or
farget. See Table 2 for an explanation of the column

R

ommoO mmmmm

o

mmomm
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Table 18 — continued

Time stratum n
Fisth of Thames
Total 346
Summet 284
Summer, weekend 204
Summes, weekday 80
Winter 62
Eastern Gulf
Total 132
Summer 379
Summer, weekend 344
Summet, weekday 35
Winter 353
Northern Bay of Pleaty
Total 819
Summet 619
Summer, weekend 445
Sumumer, weekday 174
Winter 200
Middle Bay of Plenty
Total 704
Summer 41
Summer, weekend 262
Summes, weekday 209
Wiater 23
Tauranga Harbour
Total 587
* Summer st
Summer, weekend 273
ummes, weekday 238
ipter 76
% of Pleaty
1 401
896
un 616
S 'wee) - 280
Wi 505

Fish

94
67
n
35
27

197
59

138

159
110
87

49

249
188
103
85
61

Hours

1439
(164
880
284
215

3010
1582
1429

153
1488

2690
1945
13717
569
745

2556
1691
867
824
865

H,

0.070
0.061
0.039
0.11%
0.110

0068
0.045
0.047

0025 -
0.093

0.067
0.072
0.080
0.051
0.054

0.096
0.102
0.108
0.095
0.084

0.084
0.065
0.089
0.038
0.210

0.286

0.283
0.354
0.250

(A

180
233
234
376
233

147
230
241
43.8
18.8

139
159
17.8
351
280

10.3
1.6
15.0
183
216

18.7
184
226
298
427

55
66
8.1
it3
9.7

H,

0.065
0.058
0.036
0.123
0.098

0.064
0.037
0.038
0.033
0.093

0,059
0.057
0.083
0.040
0.066

0.097
o
0.119
0.103
0.071

0.088
0.065
0.082
0.044
0:234

0.254
0.282
0272

0211

18.2
239
22.1
1.0
219

13.7
184
19.6
513
17.8

14.1
148
72
284
32

104
121
152
194
203

232
15.1
173
299
57.5

52
6.3
138
109
9.3

Pe

085
088
089
0488
071

0.85
089
090
0.89
0.81

0.89
0.89
0.88
091
0.89

0.3t
0.9
0.9
0.78
0.84

0.87
0.89
0.85
093
0.76

0.63
0.62
0.63
0.59
0.65

129
164
19.6
296
199

B9
150
158
4.1
110

938
112
126
238
20.1

11
89
12.1
132
15.t

10.8
125
146
234
206

35
4.3
53
72
6.1

mm@mmm
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Table 18 — continued

Time stratum

Waikato

Total

Summer

Summer, weekend
Summers, weekday
Winter

Manukau Harbour
Total
Summer
Summer, weekend
Summet, weekday
Winter

Kalpara Harbour
Total
Suramer
Summer, weekend
Summer, weekday

Dargaville
Total
Summer
Summer, weekend
Summer, weekday

773
505
329
176
268

1127
918
630
288
209

155

T 135
129
26

126
126

58

Table 19: Kahawal -.-gw rates (fish per hour) in the snapper byeatch fishe [y ot
time stratum in 1996. The snapper targel fishery was defined as using baited E-N ow ._".un.n. ﬂﬂﬂ-
snapper or “general fish" as the target. Table 2 for an explanation of the colamn headings.

The c.v.s are exp d as per ges -
Time stratom #  Fish Houwrs H, c.v. H, cv. pp ¢v. R
Bay of Plenty . . .
Total 350 1729 11512 0.163 46 0150 46 07 31 E
Summer 2 o& 1180 7851 0.160 55 0.50 51 077 37 BE
Summer, weekend 1 596 769 4931 0.165 66  0.156 62 0.6 45 B
Summer, weekday 1 411 2919 0.152 96 0.141 9.1 079 64 E
Winter 1 ﬁu 549 3662 0.170 88 0150 94 075 s4 E
East Northland i .
Total 2622 1231 9369 0142 56 0.131 56 om 36 E
Summer 23 908 745t 0.130 66 0122 66 079 41 E
Summer, weekend 1427 602 4893 0.135 78 0123 72 077 49 E
Summes, weekday 7 306 2558 0119 . 123 0.120 135 082 79 B
Winter ;_c_ 323 1918 0.194 107 0.168 106 072 73 B
Haurski Gulf ; :
Total ' 3§39 1030 14782 0067 5.8 o010 53 0% 39 B
Summer 2526 479 9854 0047 75 0049 72 089 56 B
Summet, weekend 17 358 7040 0.048 84 0.081 g1 0.8 64 E
Summer, weekday wa.__ 121 2814 0042 161 0843 157 091 né =B
Wigter 1313 51 4928 0.107 84 0112 76 0719 54 B
st t H .
To! . 1917 8114 0289 129 0236 52 ‘069 32 D
i 1245 6431 0255 182 0194 65 072 39 D
799 4409 0.262 256 0.181 1.6 074 49 D
Sy 446 2022 0.240 109 0221 1 610 6 D
et - 672 1683 0413 97 0399 g8 058 54 C




Table 20: Comparison by yead of kak
fishery by diary zone in KAH

Table 20 — continued

harvest rates (fish per hous) in the snapper bycatch
frch and April weekends. The snapper target fishery

was defined as using baited lines OF JiggnpNth~gnapper of ugeneral fish” as the targel. See Year n  Fish Hours H, cv. My cov ps v R
Table 2 for an explanation of the columuyh b_ e G.v.8 are expressed ag percentages :
A Waikato
Year n Fish Yo cv. R 1991 56t 224 2091 0095 152 04107 174 083 10.2 4
. 1994 151 160 571 0268 147 0280 153 063 10.6 D
Nozth Cape to Cape B 1996 143 1717 507 0356 184 0349 197 o711 132 D
1991 292 ) 216 E Manekau Harbour
1994 34 48 g 28 D 1991 735 323 2289 0154 156 OM1 19 081 76 E
1996 279 189 8.1 D 1994 586 252 12015 0132 139 0121 123 080 83 :4
Bay of [stands - 1996 381 43 1610 0.192 9.4 0213 102 064 69 E
1991 358 66 1403 . 16.6 E Kalpara Harbour
1994 . 3516 157 1594 2 : 9.6 E ' 1991 320 146 1358 0253 102 0255 105 066 18 3]
1996 ° 191 167 660 3 9.1 D 1994 100 65 137 0197 179 0.193 171 063 13.0 B
Cape Brett to Cape Rodney 1996 62 29 282 0097 283 0103 210 O 218 B
1991 249 16 898 E Dargaville
1994 134 38 4117 E 1991 40 5 97 0049 534 0052 523 090 474 B
1996 225 82 892 1994 92 47 265 0.187 354 0177 29.8 0.84 23.6 [ 53
Whangare Harbour 1996 39 23 17 01 325 0.196 332 0.69 240 B
1991 230 1 842
1994 192 43 50t
1996 117 26 423 N
Western Gult
1991 606 22 2144
1994 122 105 2456 Table 21: Comparison ty year of kahawal harvest rates (fish per hour) in the snapper bycatch
1996 159 14 409 fishery by region during March and April weekends. The snapper target fishery was defined as
Inner Gulil using baited lines ot Jigging with snapper oc “gencral fish” a3 the target. See Table 2 for an

1991 3178 350 11552 0.032

1994 31509 501 13585 0038

1996 498 161 2054 0.069
Firth of Thames

explanaton of the colamst headings. The c.v.s are expressed as percentages

Year n Fish Hours Hy (X2 H, Y. Pe V. R

1996 53 15 235 0.064 293 0.064 310 079 26. E Bay of Plenty
Eastern Guif - 1991 2748 1457 9373 0.164 53 0155 4.3 0.76 34 B
1991 94 19 353 0328 973 0.054 795 095 4335 D 1994 1412 610 4625 0.131 75 0132 72 019 5.1 g
1996 155 8 715 0051 401  0.039 116 090 245 B 1996 878 514 2838 0.206 83 0.181 79 073 5.6 D
Northern Bay of Plenty ’
1991 1733 170 2152 007 6 109 00719 11.8 08S 8.8 E Nosthland
1994 5719 153 1699 0.050 131 0090 133 084 95 E . 1 1129 140 4182 0040 147 0033 142 094 113 B
1996 288 3 998 0.105 19.3 0078 186 084 13.5 E 4 876 286 2633 0099 1.1 0109 109 084 17 E
Middle Bay of Plenty 812 464 12825 oO.188 9.4 0164 g3 071 5.5 e
1991 220 69 716 0.085 163 0089 182 080 13.7 E
.2 1 0204 216 072 173 D aur:
.ﬂ_ncw-ﬂ__nb ——-Wvuo:_. o w0 020 2 : \ 91 14049 0036 221 0.028 92 094 6.5 B
1991 1226 6ot 4815 O 122 74 0425 7.4 0.76 51 £ 1 4231 606 16041 0.038 87 0038 80 093 55 E
1994 417 134 1462 0.097 175 0092 17.0 0.84 1. B 1996 g 3413 0059 120 0064 114 087 89 g
1996 123 48 407  0.51 270 0.8 198 076 16.2 B
Esstern Bay of Blenty 1 G oo 83 o013 74 080 44 E
1991 569 617 1631 0.396 gs 0378 76 060 52 D o. pe 02 c. 161 m.& 076 58 &
1994 416 323 1464 0221 104 0221 108 066 68 D ! 92 n&M o.w 4 n.q o.nﬂ u.@ o.aq ......~ b
1996 182 327 1135 0.301 106 0.288 103 064 6.8 D 625 St .21 . . i . h

©



Table 22: Kahawai harvest rates (fish per hour) in the target kahawai fishery (any method with
kahawal as the target species) by region snd time stratum in 1996, See Table 2 for an explanation

of the column headings. Thec.».s are

Time stratum

Bay of Plenty
Total

Summer

Summer, weekend
Summner, weekday
Winter .

East Northland
Total
Summer
Summer, weekend
Summet, weekday

Haurski Guif
Total
Summer

West coast
Total
Summer
Summer, weekend
Winter

Table 23: Comparison of kah
method with kahawai as the target sp

n

175
147
94
53
28

189
178
124

54

50
34

91
49
37
42

i ressed as percentages

i
Fish —.:TG 3 H,
221
191
127
64
30
190
175
129 4
46 51 1.0718
75 97 0879 198 0774
47 72 0802 246 065
142|208 1556 358 0682 .
82 1104 2382 424 0785
53 93 2109 617 0570 .
60 104 0593 350

Table 2 for an explanation of the coh
Year n  Fish " Hours H,
KAH t
1991 388 738 594 1834
1994 206 245 381 261
1996 146 165 197 143
KAHY
1991 119 129 338 03712
1994 26 48 . 61 .180

(A X

9.2
202
15.5

19.7
22

H,

1.243
0.643
0339

0.381
0.783

0578 .

(A

84
147
125

232
31.6

288
360

8.9
4.5
319
30.1

Po

039
0.55
044

0.6%
046

0.5 A
0.53 8 .
11.6

0.55
047
0.54
0.64

- oV

4.1
73
13

13.6
18.2

ev. R

134 A
178 &
207 C

¢s) by Fishstock during March and April wecekends, See

{ har w*u» rates (fish per hour) in the kahawai target fishery (any
b
headings. The c.v.s are expressed as percentages

R

> >

>0

%

s

<

headings. The c.7.8 are expressed as perceniages

Year Arca Time
Tarakibl
1991 QMA1 Total :
Summer
Winter:
1994 QMA1 Total '
Summeér
Winter
1996 QMA L Total :
Summer
Winter
Table 25: Comparison
(mixed method, mainly

Yi

n Fish Hours
156 ' 401 558
120 321 414
36 80 144
136 196 439
112 188 373
4 8 &
317 1346 1085
170 603 544
147 743 540

n Fish Hours
125 302 W
82 196
220 181
75 238

14 102

61 136
1 240

g 192

43

291

169

12

37
12
25
36

H,

0777
0.862
0490

0425
0492
0.109

1.351

1.203
1.521

H,

.

155
1.5
26.6

165
16.7
65.7

78
2.7
120

153
233
174
279
312
311

259
28.6
588
15.3
223
20.7

H,

0.718
0.774
0556

0446
0504
0.120

1.241
1.108
1.376

(AN

155

182
262

168
1.1
64.7

9.2
10.9
144

v,

15.8
2.3
18.8
23.1
39.8
251

305
328
69.0
147
222
19.2

30.1
s
7.8
288
0.4
510

Po

0.59
0.57
0.64

0.62
0.58
033

0.32
0.38
0.27

0.46
0.48
045
0.67
0.80
0.53

0.65
0.6}
0.76
0.31
0.38
0.18

0.69
0.79
0.40
0.70
0.71
0.68

c.n

2.6
106
222

i
111
456

39
6.0

Table 24: Comparison by year of harvest rates (fish per hour) for the tarakibi target fishery
(baited lines or jigging with tarakihi the target species). See Table 2 for an txplanation of

...vo

5.0 .

(AN

33
127
11.0
17.0
338
18.2

164
174
43.7

10
82

" 204

s
211
20.3

3338

e.« year of harvest rates (fish per hour) for the red gurnard target fishery
fongline and set net with red gurnard as the target species), See Table 2
or an explanation of thé headings. The .7.5 are expressed as percgntages



4

Table 26: Comparison by yeprlof b t ?.a {fish per hour) for the flatfish (set and drag net) Table 38: Comparison by year of harvest rates (fish per hour) for the rock lobster, scallop, and
and grey mallet (set net) fish TdbR 2 for an explanation of the headings. The c.v.8 are green mussel target fsheries. See Table 2 for an explanation of the headings. The c.v.s are
expressed as percentages expressed as percentages. WC hashours for scallops are the Manukeu and Knipara Harbours
Year Area Time a Fish Hous Hi cov H oV po &V
Year Arcz  Time n Fish Hours eV Hy v po cv
. Rock lobster — diving
Flatfish . 1994 CRA1 Total 127 211 148 1496 103 1426 111 040 73
1994 QMAL T 97 121 ; 251 041 146 Suminer 79 127 g4 1445 135 1358 154 044 100
QMA9 Total 510, 189 152 029 8.1 Winter 48 84 54 1.580 16.1 1.545 151 033 102
Summer 3 127 171 032 103 . CRA2 Total 232 399 269 2305 130 1.485 87 044 58
. Summer 152 229 113 1733 132 1307 1n4e 049 179
1996 QMAL Total 3 19 6 Bf 146 Winter g0 170 94 3391 219 1.817 138 035 8.2
. Summer 24 204 ’ CRAS Totsl 48 117 41 3191 127 2468 145 019 69
“QMA9 Toul 92 4.6 Summer 18 59 93 4026 180 23523 231 006 53
Summer 49 31 1.1 Wiater 10 58 24 2690 123 2413 152 027 110
Winter 43 315 49
] ’ 1996 CRA1 Total 286 624 398 2.381 94 1.567 106 034 42
Grey mullet Summet 246 532 383 2257 108 1508 18 035 456
1996 QMA 9 Total 6 195  Winter 40 92 46 3142 177 2018 208 030 104
CRA2 Total 364 1020 603 2576 12 1.691 64 027 32
s Summer 283 794 430 2648 72 1846 72 028 317
. B Wianter 81 226 173 23 213 1306 133 026 66
CRA9 Total 28 127 21 1510 106 6145 157 0O.11 6S
Summer 23 113 15 8652 85 1533 166 004 44
Table 27; Comparison by year of harvest rates (fish per hour) for theAklpigem funs and albal
troll fisheries. See Table 2 for an explanation of the headings. W afe A xpressed as Rock lobster — potting

percentages

—302» .—.oE Sas—osoh—o _u..-o.auq—u.aohu u.w

w..:ﬁﬁ. uu-.zouao.uuu _q.co‘n.::.m e.Nqu.A

Year Arca  Time -_mrr:oc- I.n.s Iun.s \u . Q ;ﬁa.o- wmumo:ooh»a Nw.oc.mmeN.uo.; .:

. —

Sidpjack tuna ' mn-—_oenl-.__.&n_an

1991 QMA1 Total 441 198 2166 0201 253 0091 180 08 10 1994 WC Harbours Total 120 1662 123 —w.uoo.»_u.ﬁ ».uo.uuu.o
Summcte 419 159 2093 0135 332 0076 215 086 1 % “

Winter 28 39 73 0902 259 0532 243 039 IS
1994 QMA1L Totat 303 384 1262 0562 120 0304 109 06 10
Summer . 293 366 1240 0360 125 0295 113 06 12

1996 QMA1 Totl 634 382 3259 0175 117 0117 108 0716 72
Summer 623 378 3238 0173 118 0417 109 076 12

1996 Coromandel Total 4] 689 32 2953 99 21.70 124 007 44
WC Harbouss Total 122 1833 224 (314 130 817 106 0.9 44

«w 616 38 2403 126 1778 112 010 s3
24 510 18 3657 143 2795 174 012 1.7

74 1363 81 2756 155 1681 106 011 40
109 2034 118 2693 86 1721 112 o041 34

1 t
>a-aenn==n 2t 326 40 1225 199 821 15.1 019 106

1991 QMA1 Toul 618 176. 2619 0072 112 0066 156 086 101
Surmmer 570 176 2570 0078 171 0068 155 085 10.1

. 1994 QMA1 Toul 470 85 1645 0054 19.4 0052 174 089 131 99 3679 9s 569 122 339 87 006 26
. 194 0053 174 088 130

Sumner 421 B 139 009 ? 110 4608 g4 651 60 547 179 009 30
1996 QMA L Total 522 37 2981 0016 255 0012 218 095 191
Summer  S19 17 2973 0016 255 0012 218 095 19t




Table 29: Comparison by year of harvest,
essentially as bycatch of the fi:
target species), See Table 2 for an ex|

percentages
Year Area

Blue cod
1991 QMAI

QMAY -

1994 QMA}

QMA 9
1996 QMA 1

QMA 9

Blue maomao
1991 QMA I
QMAS
1994 QMA1L

1996 QMA 1

John dory
1991 QMAL

1994 QMAL

1996 QMA

Time

Total
Summer
Winter
Total

Total
Sunumer
Wintes
Total

Total
Summer
Winter
Total

Total
Summer
Winter
Total

Total
Summet
Winter

Total
Summer
Wintet

Total
Sumumner
Winter

Total
Summer
Winter

Total
Summer
Winter

ry

16 593
13 666
2927
2749

18 809
13770
5039
2522

110552

7539
3013
2265

16 593

. 13666

2927
2749

18 809
13770
5039

10 552
7539
3013

16593
13 666
2927

18 809
13770
5039

10352
7539
3013

1345
191
154

267
174

8 664

37701
26431
11270

8417

56 411
46359
10052
10003

66 100
49 144
16956

37701
26431
1270

56411
46 359
10052

66 100
49 144
16956

37701
26431
11270

0.003

0.004
0.004
0.004
0.003

0.024
0.023
0.030
0.002

0.021 -

0.025
0.009

0.018
0.022
0.008

0.003
0.002
0.007

0.005
0.004
0.009

0.007
0.007
0.008

15.1
492

6.7
12
162 .

107
11.7
238 -

83
106.
132

6.7
8.1
1.3

1.3
8.9
125

0.98

‘098

096
1.00

098
097
059

098
098
0.99

0.99
0.99
0.98

0.98
0.99
098

0.98
098
097

116

12.3
49

49
5.6
9.7
408

a6
49
12,6

6.8
15
166

Table 29 — continued’
Year Area Time : n Fish

Jack mackerel
1991 QMA1 Total 16593 1442
Summer . 13666 1246
Winter = 2927 196
QMA9 Tomul S 2749 64
Summer 2422 57

1994 QMA1 Total 18809 $230
- Summer 13770 4604

Winter © 5039 626

QMA 9 Totat 2522 166
Summer 1998 159

1996 QMA1 Totl . 10352 1500
Summer, 7539 1284

; Winter | 2013 216
QMA9 Toal i 2265 T2
Summer: 1758 66

Ki ; :
QMMAt  Total 16593 489
Summet 13666 423
Winter : 2927 66
. 2749 23
1994 18809 287
13770 245
039 42
7
231
0
Koheru
1991 QM.
QMA9
1994 QMA L
1996 QMA1

Hours

56411
46359
10052
10003

8642

66 100
49 144
16956
8664
6851

37701
26431
11270
8417
6634

56 411
46359
10052
10003

66 100
49 144
16956

8 664

37701
26 431
11270
8417

Hy

0.026
0.027
0.019
0.006
0.007

0.019

0.094
0.037
0.019
0.023

0040

0.049.
0.019
0.009
0.010

0.009
0.009
0.007
0.002

0.004
0.005
0.002
0.008

0.006
0.007
0005
0,003

0.024

v,

19
85

20.3°

20
227

40
4.3
89
14.6
15.1

6.7
74
14.6

]

6.4
71
149
278

73
75
235
252

84
83
244
225

6.8

Po

0.97
097
0.98
0.99
0.99

091
0.90
0.95
0.97
0.96

0.95
095
0.97
0.98
0.98

0.98
098
098
099

098
0.99
0.99

098
098

099

097
097
0.98
098

0.99
0.99
1.00

0.98
0.98
0.99

(AN

43
46
120
17.0
18.1

24
2.5
6.4
105
109

44
a9
9.8

16.1

172

532
56
13.5
249

64
6.8
185
173

71
18
16.6
217

4“4
A7

12.8

139

8.6
9.3
29

6.7
74
155

-



Table 29 —- continu

Year Area

Pink maomao
1991 QMA

1994 QMAL

1996 QMA!

\

Red stapper
1991 QMAL

1994 QMA

1996 QMAL
QMAY9
Trevally

1991 QMA L

QMAY

1994 QMAIL

QMA9

1996 QMA

QMA9

Time

Total
Summer
Winter

Total
Su

+ Winte

Totat
Summet
Winter

Total
Summer
Winter

Total
Sumimer
Winter

Totsl
Summer
Winter
Total

Tolal
Summer
Wintet
Total
Summere
Winter

Total
Surnmer
Winter
Total
Summer
Winter

Total
Summer
Winter
Total
Summer
Winter

16
13 666
2927

539
30

16 593
13 666
2927

18 809
13770
5039

10552
7539
3013
2265

16593
13 666
2927
2749
2422
kYY)

18 809
13770
5039

2522

1998

524

10552
7539
3013
2265
1 758

507

1117
783
334
297
263

34

1470
916
554
413
33

82

1 548
1079
469
291
191
100

37701 0004
26431 0.004
11270 0.004

8417 0.005

56411 0.020
46359 0017
10052 0.033
10003 0.030
8642 0.030
1362 0025

66100 0.022
49144 0019
16956 0.033
8664 0048
6851 0.048
1813 0.045

37701 0.041
26431 0.041
11270 0.042
8417 0035
6634 0.029
1783 0.056

145

103
14
20.7

Table 30: Coclficients in the weight-length celation W = a L’ for the finfish species for which &
mean welght estimate fs made. W Is the greenwelght and L the fength (ususally forklength, but
total length where appropriate). Common and species names are jncluded. Unpublished sources
are given as Annala of al (1998).

Fishstock  Common name Scientific name a b Source
BAR (all) Darracouta Thyrslies atun 00075 2900 Hurst & Bagley (1994)
BCO (all) Blue cod Parapercis calias 00102  3.123 Blackwell (1997)
EMA (all)  Blue mackerel Scomber 00088  3.110 Annala et al. (1998)

australasicus .
GMU (al) Grey mullet Mugil cephalus 00360 2754 Anmlaer al. (1998)
FLA (alt) Flatfish! 00380 2660 Annmalaetal (1998)
GUR1 Red gurnard Chelidonichthys  0.0100 2990 Elder (1976)

faernu

GUR7? 00053 3.190 Stwevenson (1998)
DO (sll) John dory Zexs faber 00364 2900 Hore (1982)

KAH 1&9 Kahawai Arripis trutia 0.1024 2502 Bradford (19982)
KIN {ait) Kingfish Seriola W_naaum 00246 2.845 Annala e al. (1998)
fal

SNA (all) Snapper Pagrus auratus 00447 2393 Paul (1976)
TAR (alD) Tarakibi Zn_aa\nniﬁ 00141 3087 Tong & Vooren (1972)
. macropterus
TRE (all) Trevally Pseudocaranx  0.0160 3.064 James (1984)
dentex
ALB 1991 . Albscoretwna  Thunnus alalunga 00107  3.136 MFish data®
ALB 1994 00965 2627 MFish data’
ALB 1996 0.0038 3346 MFish datal
SKJ Skipjack tuna  Katsuworus peiamis  0.0075 3.230 MFish daa’

s ———

1 Several species of flounder, sole, and turbot are included in this groupiog

2 Weight-length relations for the tunas were desived from data extracted from the observer database by
Lynda Griggs. There are ovet 15 000 sets of green weight and leagth foc albacore but only 25 for
skipjack. Data from the yesr of the boat ramp survey were used for albacore to detcrmine the weight
leagth relation.



Table 31: Mean weight (Wyin g), mean
the sample () for data from the boat rd
and 1996. Thec.v.s are expressed as pere

Fishstock

Snapper (Jan — Jun)
SNA

SNA L

SNA'1

SNA S

SNA S

SNAZ

East Northland

East Northland

East Northland

Qulf & Bay

Guif & Bay

Guilf & Bay

Snapper (Jan ~ Dec)
East Northland

East Northland

East Northland

Gulf & Bay

Culf & Bay

Gulf & Bay

Ksahawal (Jan = Jun)
KAH !

KAH 1

KAH !

KAHY9

KAHY

KAH9

East Northland

East Northiand

East Northland
Hauraki Gulf

Hauraki Gulf

Hauraki Gulf

Bay of Plenty

Bay of Plenty

Bay of Plenty
Kahawai (Jan - Dec)
Bay of Plenty

Bay of Plenty

Bay of Plenty

Survey

North 1991
North 1994
National
North 1991
North 1994
National
North 1991
North 1994
National
North 1991
North 1994
National

North 1991
North 1994
Nationa)
North 1991
North 1994
Nationat

North 1991
North 1994
National
North 1991
North 1994
Nationa!
North 1991
North 1994
National
North 1991
North 1994
National
North 1991
North 1994
National

North 1991
North 1994
National

19 67
18 596
13730
3040
2956
1960
2255
2582
3949
17912
18502
10 697

2350
2582
4204
18286
18 502
11902

4708
1920
2969
2213
1101
1192
475
458
1046
1034
896
614
3434
950
1545

3660
950
1734

£

1
886
649
65
L1y
836
849

1026
769
724
849

836
849
1038
715
724
369

1193
1321
t 485
1192
1168
1 005
1261

1375 .

1599

841
1167
1007
1290
1437
1556

1278
1437
1536

_—N N R R e NN RN e

cv{Wy)

-

40.7
424
448
409
403
317
41.7
434
46.7
354
39.9
380
422
44.1
45.6

420
44.)
453

length (Ly in cm), their ¢.».8, and the number of points in
mp surveys conducted in the North region in 1991, 1994,
teniages

v.(Ly)

04
07
07

0.9
0.5
0.7
09
0.9
0.4
0.7
0.5

0.3
0.1
0.5

Table w.~ -— continued

Fishstock Survey - N
‘Tarakihi : .

TAR 1 ; North 1991 911
TAR } North 1994 442
TAR 1 ! National 1183
Red gurnard .

GURI1 . North 1991 4150
GUR 1 ' North 1994 167t
GUR 1 : National 1578
Trevally ;

TRE } . North 1991 1075
TRE 1 i North 1994 825
TRE 1 , National 129
TRE?7 North 1991 375
TRE?7 . North 1994 299
TRE? ~ National 241
Blue cod : .

.BCO1 . North 1991 210
BCO1 ' North 1994 221
BCO1 i National 125

dory :
1 : North 1991 178
; North 1994 282
¢ National 251
Jn m.
IMA1 1091.
IMA L 16
Al 175
o,
95
55
A 2
Flal
FLA} 1
FLA L
Grey mullet
GMU |
GMU1
Kingfish
KIN i Nont 1 637
KIN - Nerth 1 282

KIN . i National 265

Wa

698
639
611

432
437
411

1150
1266
1180
930
970
1061

430
457
564

L1779

1831
1997

324
266
k73]

453
315
429

342

cv.{Wy)

- L ]

.
oW Atbn anapeN -

~

[“ RN

Lu

326
318
313

34.8
35.1
343

36.5
38.1
374
33.7
349
36.1

29.1
29.7
321

105
41.2
423

272
25.6
27.4

316
28.3
315

303
304

38.7
403

56.6

ev.(Ly)

0.4
0.7
03

02
0.3
0.3

0.7
0.7
0.6
1.3
1.2
13

19
23
14.3

09
04

1.8
07

1.2
14
1.6



<

Table 31 — continued
Fishstock

Barracouta
BAR
BAR
BAR

Albacore
ALB

ALB .
ALB

Skipjack
SKIJ
SKI
SKJ

Koheru
KoH
KOH
KOH

Parore
PAR
PAR
PAR

Red snapper
RSN
RSN
RSN
L]
Pink maomao
PMA
PMA
PMA

Survey

Nations

North 1991
North 1994
National

North 1991
North 1994
National

North 1991
North 1994
National

North 1991
North 1994
National

North 1991
North 1994
National

&

194

29
34
79

179
121
144

175
176
163

«ﬁx (A <.« stv h{

961 7 833
2 n 73.6
5 824

485
52.8
622

@@ G

h.<.-~t‘

2.8
44
19

0.7
16
15

0.6
08
12

20
22

0
]

9
3
|}
1
1.0
09
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@ Map of the North region of New Zealand showing the diary zones numbered as in the 1996
national diary survey. The names are used for the diary zones in this report are: 1 — North Cape to
Cape Brett; 2 - Bay of Islands; 3 — Cape Brett to Cape Rodney; 4 - Whangarei Harbour; 5 ~ Barrier
Islands; 6 — Western Gulf; 7 ~ Inner Gulf; 8 — Firth of Thames; 9 — Eastern Gulf; 10 — Northern Bay
of Plenty; 11 — Middie Bay of Plenty; 12 — Tauranga Harbour; 13 — Eastern Bay of Plenty; 20 -
Waikato; 21 — 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=12, .., N, x; = trip length of the ith angler or party in hours (fishing effort),
y; = harvest by the ith angler or party, » = number of anglers or parties interviewed, and
N = 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. (1995).

= 2:,; X; / n = sample mean of angler or party effort; @

y= 2; ¥ / n = sample mean of angler or party harvest;

$= 2:;1(1:,- -3y /(n ~1) = sample variance of angler or party effo@

si= 2:;1( y, - ) /(n—l) = sample variance of angler or pz -\ @é
c,=s, I %¢c, =5,/ cvsof the effort and catch; A

h= x,/ ¥; = harvest rate of angler or party; \ f t@

i = Z:d h, /n = per-angler or per-party esti mean b te>This is the mean-of-

ratios estimator which is an estimator @ @
N .

H=Y" /N @

The estimator used for m@ A, i@

I?, is a biaséd estimator of H, when fishers are sampled at the end of their trips (Jones et al.
1995).
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The approximation used for the estimate of the c.v. of A, is
cv.(H,)? = cv. (B +ev(F).

This expression ignores any correlation between X and Y. The correlation between effort

-and harves; should be positive and would act to reduce c.v.(I-'I,) and ression us
should be conservative, that is to overestimate the c.v. The correlati

small. Some simple bootstrap calculations suggest that this exp
_grossly wrong in magnitude. The distributions of the harvest rgi

coverage would suggest. Obtaining the “be:
estimator is an active area of research.

The true harvest rate required could be @ 2 circumstances.

) i& vest rate

The ratio-of-means SN : % substantially different results for the

kahawai target fishepy N ' 2¢@ been introduced by the mixed methods
allowed in the definiffeif /e kahgwa fishery. The use of a mixture of methods was
made necessary : 2 ex'of kahawai target trips that are actually made.

Two further Yhe first, which is based on the “combined” estimator
used i chrTates in commercial rates, is defined as:

Po) :
s, the “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 (H,™), which is based on an idea proposed by Pollock e al.
e mean-of-ratios estimator adjusted so that all trips of less than half an hour

jenoged. The results are given below for the kahawai target fishery using data from

. also have b

Xime 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 becorming more difficult to catch, thus reducing
the catch rate (Mark Feldman, Recreational Fishing Council, pers. comm.). -

C e rationale for removing short txips from the mean-of-ratios estimator is that estimating the
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Additional estimates of harvest rates for the kahawai target fishery (any method with kahawaj as
target species) by region in 1996. Some of the numbers are repeated from Table 22, ¢.v.s are not
repeated from Table 22. The ¢.v.s are expressed as percentages

Area H. 2 H. z’ C.V. Po Hm Cc.V. H, 1 H ladj ’ Cc.V.

Bay of Plenty 0.779 1.319 9.9 0514 0641 123 1215 0.840 84
East Northland  0.916 1.828 7.1 0519 0.880 100 1.381 0.797 5.9
Hauraki Gulf 0774 1404 146 0520 0674 200 0879 1.057 183
West coast 0682 1321 122 0549 0595 155 1556 1.025 132

estimator had been used to estimate the mean harvest rate for the successful trips,
almost certainly become larger. Ignoring the short trips when calculating the
estimator gives lower estimates of the harvest rate than when all trips are inclu
the Hauraki Gulf. And except in East Northland, the estimates of H,* are

from the mean-of-ratios estirator.

One conclusion is that there are several possible definitions of the@k in

target fishery.

Some simple bootstrap calculations were made using estVrates

target fishery. The ratio-of-means estimator had little ts iEred little
from the ratio-of-means estimate from the data). Th -ratios £stimator ad little bias
if the catches and fishing times were sampled usifig the same s and was biased
(in either direction) if they were sampled s . Sampli h and the effort

separately presumably changes the prob:
The bootstrap distributions tend to be s
bootstrap calculations were not wildly di
in Appendix 1.

icular catch and effort.

stated/abdve, wstmates of c.v. from the
1 s made using the formulae
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13. Data Storage:

All interview, length frequency and ageing data relating to recreational landings of kahawai have
been entered onto the MFish relational rec_data and age databases with adherence to its quality
assurance standards administered by NIWA. Data from catches which do not include kahawai

were stored but not checked or entered onto the database. The collection basing of ;g

non-kahawai related data was not covered under the contract for KAH2 as b
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 KAH 1 in 2000-01, 2001-02, and 2002-03.

New Zealand Fisheries Assessment Report 2003/xx. Xx p.

Due to the widespread and comparatively random nature of recreational fishi

e kah
length and age distributions described in this report are more likely to tative on@
underlying population than those derived previously from' commercial e set i
landings (Bradford 1999, McKenzie and Trusewich 1996). As kaHawai, sc ool by s
commercial landings are usually comprised of fish from only one optwo schodls, the age\distribgtions
of commercial catches tend to be both highly variable and
amalgamating these commercial landings are therefore u
insufficient catches sampled to describe more than a fe
number of purse seine fishing events account for a large-p
only a fraction of a population’s spatial range is fisheq{ {
_ of thousands of trips, which sample a greater nu

Distributi ed from
al, generally
% as a small

cial catch,

shery is comprised

and is therefore likely to be more random and r¢] frequency distributions
tend to be more unimodal, with any secondaQ} \ strong year classes rather
than the influence of individual schools. Tdfete hini for kahawai and recreational
fishers therefore tend to land a greater si2s Yarge of dition to providing a broader

description of the population in the ar€a ) @ A .
This report summarises the residys af & o€ yedxg i sampling of recreational kahawai landings

in 2000-01, 2001-02 and 200 )- KAH 1: East Northland, Hauraki Gulf and
the Bay of Plenty, and ig/gsser : .
two surveys (Hartill et al\Z00

\iende wai be aged to provide a reasonable approximation
\‘-: cture. R%ﬁshers were generally willing to let NIWA staff remove
wai, and\atlequate age sample sizes were obtained in all three regions.
k%ﬂmt approximately 1500 kahawai length measurements were

i the less common length classes in a regional length frequency
hieved 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
ing effort and/or reduced kabawai catch rates by recreational fishers.
ggests that kahawai catch rates have fallen in recent years. Although fewer
Doén measured than intended, analytically-derived- mean weighted coefficients of

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

O
@speciﬁc age distributions were spatially and temporally variable, which probably reflects the
bgeneous distribution of 2 species which schools by size, and hence age. Clearer and more
consistent patterns emetge however, when data are combined at a regjonal 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
2 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 of -agedistributions-and-increased-numbers-of- kahawai-encountered 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

1
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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 fi J d a@&
(3

problematic given the species’ size-specific schooling behaviour. For exampig,/amalg
frequencies collected from commercial purse seine landings in 13 90201, %
multimodal, and McKenzie & Trusewich (1996) concluded that this was
way the purse seine fleet operated, rather than an intrinsic fea the B
While comprehensive sampling of commercial catches can %
extraction, these samples cannot be considered indicative of

structure, as the fishery operates non-randomly in space an

f

Recreational fishers however, are thought to fish r@ a mo fod representative
manner than the commercial fishery (Bradford ‘:I eAtional atcl, and tend to land, a
wider size range of fish than that taken by th arfiercial i radford 1999). A time

series of recreational catch-at-age estimates re accurate representation
of population age composition, which ma; shécy. This report summarises the
results of the first three years of recreation sampli out in KAH 1. The objective of
this study (KAH2000/01 ~ Monitg 1 e i@ ang & osition of recreational landings of
kahawai) was: d

To conduct the sampli . @ and age composition of the recreational

Ayears 2000-01, 2001~02 and 2002-03.
2. METHO %
x
Nl AR

fdrther survey. in 1994 was to verify aspects of a concurrent recreational
length compositions of recreational catches measured during boat ramp
with those reported by diarists. These boat ramp data were also used in

These mean weights were used in conjunction with estimates of the numbers of fish taken,
Ad from a telephone diary survey, to provide estimates of the national recreational harvest of key
(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 collécted
concurrently. Nonetheless, in 2 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.
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2.2 Sample design

The sample design for the 2000-01, 200102 and 2002-03 surveys was based on data collected from
boat ramp surveys conducted in 1991, 1994, and 1996. Kahawai length data from these sMcys
suggested that there were substantive regional differences in the length frequency compositions of

kahawai caught by recreational fishers in East Northland, the Hauraki Gulf ay of Plenty
(Bradford 1999, Hartill et al. 1998). Separate recreational boat ramp surveys were onduc
in each of these regions (Figure 1), with concurrent collection of length ples

recreational landings of kahawai.

Sampling of recreational catches was restricted to a four-month seaso@s
which cotresponds approximately to the peak of the recreational-fishing

landings were likely to be most abundant. Restriction of samplj four-mont} as ::,
desirable, as a longer collection period would have increas od of ¢ Sforting an
age-length-key. Further, as otolith ring deposition occurs d or {S¥eVeéns & Kalish
1998), collection of otoliths in eatly winter should be avp iguopg sthutturss on the edge of

the otolith may result in ageing error.

M's

Bay
B8 BO
(H;: MK
" MO
HB OH
Parua Bay KA su
PC Parua Bay (dub ramp) A To
AKX  One Trea Point, OK  Okahu Bay Wi Walhau Bay
TU  Tutukaka 00 Omaha WK  Whakstane
WG Wattangl % gmpn WM Whangamata
‘akapuna WT Whitianga
™ TeKouma
WE _Weathaven_ .

Figure 1: Location of boat ramp interview sites.



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

Bradford (2000) recommended that 400-500 kahawai should be aged to giv@ a reasonable
approximation of the relationship between length and age, and hence, a populatiof’€ A¢

further recommendation from this study was that as many fish as possible \prefefa
(E. Bradford pers comm.), should be measured to provide a reliable length f€ 0 tribution .

timing and intensity of recreational landings of kahawai is, howeve ag -
interannual variability in fishing effort and the spatially dynamic @
behaviour. A reasonable intensity of sampling effort was therefarz
intercept appreciable landings of kahawai when they occurred. HE)sa
2001-02, 2002-03 was based on the number of kahawai landed and fheas
ramps, during weekends and holidays. during the 1991, 199¢ a6d 1956 boat

Regional estimates of the average of the number of ,%

5 dewing given in
Table 1 are weighted averages across survey years,

sumber of interview hours (i.c. sampling effort) AGH stitiitory holidays.

':f‘able 1: Sample design used to estimate how ewing would be required to .
' ¢btain measurements of 1500 kahawai in 1-02, . Estimates were based on the
i average number of kahawai landed by ers p weekends and statutory holidays,

during the 1991, 1994 and 1996 boat ram

Average no, of Number of  Estimated number of

Region landed/intervi sessions kahawai measured
East Northland 28 1558
Hauraki Gulf . 2 1553
Bay of Islands 35 12 1 498

(ch ramp w& omly assigned to weekend/holiday days between 1 January
<a@¥r found that there were strong onshore winds or local competitions on
ing ’.vf' place on the next available weckend/holiday day. Interviews
$taken in 1991, 1994 and 1996 to ensure that the data were collected

bén than one vessel approached a ramp simultaneously, a vessel was
iQJindin ._When fishets landing kahawai were encountered, all fish, including
Rasue During interview sessions, recreational fishers who had not caught kahawai
art also, .&w when this did not interfere with the interviewing of other fislﬁahts landing
kaha @1 Nridental data were stored but not checked for errors or entered into the database, as
e objective of this sudy. However, these data may prove useful for other purposes in the

4 thére was no additional cost in their collection.

fu

@ eifig pUrposes, kahawai were selected at random from each vessel’s catch, from which no more

m:.'.'  or 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. Generally, in excess of 90% 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 kahawal 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 %of each epoxy

block with a Struers Accutom-2 low speed saw. One side of this section was th , polis

and mounted polished side down on a slide using 5-minute epoxy resin. Afte our
slide was ground with a series of progressively finer carborundum papers d 4006 ;
%e of 1.0

to a thickness of 250 to 350 pm depending on ring increment clarity. A
powder (Linde A) was used for the final polish.

slide and i k place
in sectt otvliths and
that nxpper (Davies

each reader independently read all otoliths coll«Ct %
disagreements between the three reader’s iitial-ags ideritified and where one or
more readers failed to agree in their iniahdxpretation , those readers reread the

otolith with no knowledge of any prioag
o remaining disagreements were resolved\py-d

screen until a consensus was reached
» if no consensus could be s -@ > olith wz g

To improve clarity, a thin layer of immersion oil was brushed q
under transmitted light. Three readers were used to in
disagreements in interpretation were resolved using a me

& Walsh 1995) which was as follows: - .

otoliths projected onto a video
»&from the dataset.

Very few otoliths were practi n this occurred, both otoliths were usually
deformed and hence, w

‘»
ey gth apd ge distributions and ahalytical variance estimates where
sadh/ egi ga 'I‘RAN'programdevelopedforasnappermarketsampling<
\o’%r Wals essels landing kahawai were regarded as individual strata, which

‘mumber of kahawai landed. The distribution of fish at age within
Jricy) was derived for each region, and used to translate the regional
) es of recreational catch-at-age. Proportional catch-at-age estimates

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

.w‘ er With respect to length,-and von Bertalanffy growth curves were therefore fitted to
£drogional length and age. data iteratively, by least squares regression. Growth curves were

ehch region, catch-at-age distributions were derived for each ramp, and for each of the four

sonths 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 descr;be 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 sé.mple sizzs.
of the component strata. Comparisons were made betweeén ramips rather than the [ocation at which
they were caught, because in most areas there is little overlap between the areas fished from two or
more ramps. :




During the 2001-02 and 2002-03 sampling seasons recreational fishers were asked to estimate how
far offshore 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 cﬁ?we Hafraki
and the Bay of Plenty (Figure 1). Sampling ceased at Houhora in due to co y
Ay consegnently

ear
low numbers of recreational vessels using the ramp and the low sumbers kaha
measured. Interviewing activity was transferred to a secon t Parua B

Harbour, where fishing activity was far greater. In East N e Ha

of kahawai landed per hour in 2001 (Table 2a) was icted Vious surveys
(see Table 1). At the Whakatane ramp, two of the intepie {g a competition.
Prior to the competition starting, fishers were advise —d for kahawai and
that all kahawai should therefore be landed. Prop with, and without,

Jength data from this competition were comp other competitions were

dampled in 2001.

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

Table 2a: Summary statistics by region of th

measurable kahawai, kahawai meas hawai m
-Region Ramp @ of gt

Kahawai  Kshawai  Kahawai

sessions me! m d aged
per hour

10 02 10

302 20 79

226 1.6 73

201 14 79

95 0.7 88

121 07 A

169 14 49

30 04 25

82 0.7 43

1236 1.1 517

26 02 23

81 0.7 1

16 02 14

93 08 49

23 02 22

30 03 30

7 10 02 0

260 15 98

170 18 103

139 12 52

44 04 38

892 03 500

Bayof Plenty ~ Whitlangs . 10 40 8 24 06 ]

Bowentown 12 48 30 86 1.8 60

Sulphur Poiat 13 52 49 107 21 94

Toll Bridge . 4 16 0 0 00 0

Maketn 10 13 i8 50 38 ki

Whakatane 3 i1 68 315 *286 54

Ohope 17 69 43 164 24 81

" Motu River 11 28 29 185 6.6 [4]

Waihsu Bay 20 42 49 173 4.1 114

Total 100 319 94 1104 s 457

‘dedmmﬁngmmkphg_ed:ﬁngawmeﬁﬁon



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 effos’at Toll Bridge,
Tauranga was transferred to Whangamata where landings of kahawai were thought er. Th
changes in sampling locality are unlikely to introduce between year variability fo s. Fi

relatively few kahawai were encountered at the ramps concerned, and secon
shifted to a nearby ramp, those fishers encountered would have fished st
kahawai landed per hour was less than that observed in the 1991, 1994
however, sufficient kahawai were sampled to describe regional catch-at-
distributions.

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

Region Ramp Numberof  Nu Q:
sessions . of f
East Northland ~ Mangonui L@
8
. 1

3
Opito Bay 23
Waitangi 24 4
Tutukaka )
Parua Bay (public
Parura Bay (cl
One Tree Poi 24
: Manga' 27
Total ' 526
Haurki Gulif S 90 8 11 0.1 10
! 4 %é% 98 19 .43 04 33
; Bay 40 3 10 0.3 4
! 138 62 130 09 80
1 ' ven 15 91 26 65 0.7 46
i \ Okahu 20 114 12 23 0.2 16
! Half & 38 219 97 231 1.1 143
i ‘ ' i 20 120 26 56 05 25
y 27 120 48 9 0.8 60
g i ' 20 108 38 126 1.2 83
g - 204 1138 339 786 0.7 500
: Bay § Whitianga 14 55 25 66 12 62
; Whangamata 17 59 16 49 03 . 36
- Bowentown 14 56 49 % - 18 75
: Sulphur Point 16 60 64 140 23 74
Maketa 13 48 15 16 0.3 8
Whakatane 16 54 164 588 28.6 79
Ohope 20 53 27 -99 1.9 64
Motu River 11 17 37 245 14.4 17
Waihau Bay 20 72 60 175 24 80
Tota) . 141 474 457 1476 3.1 495

* Twn interviewers used at this ramp, due to high volumes of traffic




3.3 The 2002-03 sampling season

The ramps sampled, and the target number of hours of surveying were the same as those OL}ﬂitEed in
the 2001-02 survey (Tables 2¢ and 2d). The number of kalgawal measpred per hour of interviewing at
Bast Northland and Hauraki Gulf ramps was generally similar to that in 2009—01 z.md 2901-02, but in
the Bay of Plenty, there has been a noticeable decline in the rate of kahawai landingsince 2000-01.
The number of kahawai landed per hour in all three regions were lower than th

ramp surveys conducted in the early to mid 1990s (see Table 1). Nonetheless, s :
measured and aged from each region to characterise catch-at-length and catch

Table 2¢: Summary statistics by region of the number of interview sessio rs ey
n:ea:urable kahawai, kahawai measured, kahawai measured per hour and kah aged

i Ramp Number of ~ Number B awai
Region sessions of hours aged
r

East Northiand ~ Mangonui 21 2.1 12

' Opito Bay 27 1.8 83
: Waitangi 32 1.6 94
: Tutukaka 2 03 31
: Parua Bay (public) 114 1.0 85
Parura Bay (club) 137 1.0 79

One Tree Point 11 0.1 7

Mangawm 26 ) 0.2 13

Total 436 117 1.1 504

i i 17 49 04 28

Hauraki Gulf g::;(fls‘gn " 4 04 2

9 31 03 3t

T 30 67 0.6 62

26 46 0.4 43

1 16 0.1 11

116 254 1.1 166

2 ) 03 24

119 311 22 118

11 18 0.2 17

395 880 0.7 527

25 86 13 57

5 21 0.4 7

17 47 0.9 40

44 118 1.8 52

49 . 106 19 48

129 377 6.6 160

32 79 1.2 69

33 228 123 o

.2 7 22 44
357 1133 2.5 AT

* Two interviewers used at this ramp, due tohigh volumes of traffic




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: igure 2). Age
distributions were dominated by 3 to 7 year old fish, which accounted for 77-80%

h land
examination of proportional year class strengths through time, suggests that i approach
recruitment to the East Northland recreational fishery until about 4 years of‘age

cm), after which the abundance of each year class is usually less than that s. Length

distributions were both described with reasonable precision, with c.z of 0.17~8.18 (Agpepdix {) and

0.12-0.13 (Appendix 2) respectively.
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Figure 2: Length and age distributions (histograms) and c.v.s (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-
year 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
recreational landing may be due to a mechanism such as onshore t% S

landings, with 4 to. 6 year old fish becoming more prevalent in the 1 onths. Th
consistent nature of this temporal pattern suggests that changes in the
older fish in later months. Further evidence for such a mechan&

in

sitio
chools\of
increase in the number of kahawai encountered by intervie

(Figuare 4). ; g%
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Y
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Figure 3: Age distributions by ramp in East Northland in 200001, 2001-02 and 200203 (see Tables 2a, 2b &
2¢ for sample sizes).
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Figure 4: Age distributions by month in East No
fish measured is given for each month.
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Figure 5: Average size of kahawai caught in relation to distance offshore (in 5 kilometre bins) by month in
East Northland in 2001-02 and 2002-03. Error bars denote standard errors and niimbers 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 shote. Despite the limited number of offshore observations, there is some indication that the
average size of kahawai increases with increasing distance offshore.

Hauraki Gulf

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 futd
In 2001-02, a 3 year old age class was once again dominant, but to a fag lesser &
year, and the resulting length distribution was more multimodal.
most poorly described of the three regions sampled, as the aum
interviewing has declined steadily since the early 1990s, resyltidg/>
(Tables 1, 2a, 2b and 2c). Length compositions were ¢ jm
0.22 to 0.25. The age distributions were more precise
Q.13 (Appendices 1 and 2), which is probably due to

n the provious
swever, the

ry-iSy
ahawai-landsd per hour of
- f\:’\_\ sample sizes
% d ’ .s ranging from

‘“:4 ed c.v.s of 0.11 to

Tl €3,
I i NG

[t

8
Costtcient of variaton
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Figure 6: Length and age distributions (histograms) and c.v.s (solid line) of recreational landings of kahawai
in the Hauraki Gulf in 2000--01, 2001-02 and 2002-03.
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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 2001-02

<
Q

- Omaha 08 ~  Sandspt- - - -

08 X

0.4 1 04 }

0.0 0.0

08 08 Guif Harbour
0.4 i " 0.4
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038 08

888888 8¢¢8 2
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2 46 8101214161820 2 4 6 08 101214181820 2 4 68 B 101214161820
Age (years)

Figure 7: Age distributions by ramp in the Hauraki Gulf in 2000-01, 200102 and 2002-03 (see Tables 22, 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 2), and movements by kahawai schools in relation of variable climatic p@dditions. Curso
examination of monthly age distributions through time, suggest that the age structu increasi

broad as the sampling season progressed (Figure 8). In the last two years, there estio
increase in the number of kahawai landed by recreational fishers in later mo

2000-01 2001-02 200@
Janua
o8 08 n=115
04

0.0 0.c 0.0

n=183 .". 1 n=184
oo ‘ﬁl ) :

&
08
@ n=115
04
o.oi-ﬂﬂ%nm
0.8
nadB6. -
04
0.0
6 8 101214161820 2 46 8101214161820

Age (years)
e Hauraki Gulf in 2000-01, 2001-02 and 2002-03. The number of

srohg 8 to 11 year old age classes (in 2000-01) declined in the later two years, the average age of
~hawai 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 2001-02 2002-03
od 04 Whitianga 0.4

R O O "SRR B U

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

ibly reflecting differing degrees of mobility by the local fishing community, or high spatial
geneity in the kahawai population. Although no consistent trends are evident in monthly age
utions, the number of kahawai landed and measured by boat ramp interviewers was gerierally
greater in March and April (Figure 11).

Estimates of the distance offshore that kahawai were caught wete 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
Kkilometres offshore, with the nuch 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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3.5 Growth rate estimates

On a regional basis, there is 2 marked similarity between the growth curves derived from ea

. . . ch of
annual surveys (Figure 13, Table 3). Slight differences are evident when regional growth curv:s tharee
compared however, for example the East Northland curves are steeper. To some extent the shape of

these growth curves will be determined by the availability of the smaller and largéPlength classes &

which influence the fitting of von Bertalanffy parameters. In the Hauraki Gul, ce. wh
juvenile fish are more cominon, the ascendant left hand limb of the curve Zibed
accurately and precisely than in other regions, where fewer small i e

Bertalanffy growth curves derived from the last three years are steeper th
for males and females in KAH 1 McKenzie et al 1992).

Table 3: Von Bertalanffy growth parameters derived from kahza
East Northiand, the Hauraki Gulf and the Bay of Plenty ix
estimates previously reported for KAH 1, and current} od
given for comparison (McKenzie etal 1992).

g
Begign Year
Fast Northland 2000-01
2001-02
2002-03
Hauraki Gulf 2
200, )
Bay of Plenty Q .
2-03 @ 0.17 034 53.1 477
Plenary 1991-92 -0.18 0.24 56.9 '
1

sy
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East Northland

——— -Plenary KAH
200001
e 200102
——— 2002

Fork length (cm)

Bay of Plenty
QA

.......... Plenary KAH 1 (male)
——~ Plenary KAH 1 (female)

>
7Y
l
:

0 5 10 15 20
x Age (Years)

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 200203, 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 weather patterns anci
local catch rates. In East Northland and the Hauraki Gulf, the number of kahawai per hour of
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 overa s
reduced kahawai catch rates by recreational fishers, although anecdotal ¢ &\also suggests
kahawai catch rates have fallen in recent years. Although fewer kahgwa
preferred target sample of 1500 fish, analytically derived mean weight
and age compositions of the regional populations have still been ges
(<0.2).

There are clear regional differences in the length and z¢
catches, and these differences are consistent across years: stafion was largel

comprised of relatively, small younger fish, with ¢ y , > aving the bro ades);
kahawai length distribution, dominated by fish o 4% ) wxle the Bay of Plenty
distribution was mainly comprised of larger f3tsretiect: riying age distribution
These pattemns are broadly consistent with tKgse i ’
1990s (Bradford 2000; Figures 1to 3). O@gthopast t f s
have bc(acome increasinglyg:imilar to those oRthe Northland age distributions

nal kahawai

In all three regions, localised
variable, both spatially and
schooling behaviour of kah ;
small spatial scales of ki c!tc soalesof one or two weeks, fish of a similar size (and
dominate gs at a given ramp. When catch data from all ramps
vsghCupsistent age distributions emerge, as discussed above.
all three regions suggest that the regional boundaries have
e R3sis, although there is still some cross-boundary similarity
ehty.

enty, the age distribution of landed kahawai appeared to broaden

_in all three regions the number of kahawai encountered by boat
s YadNyoge ly. greater in the second half of the survey. These observations are

¢rchshoy migration of sexually mature kahawai in the auturun, following spawning
A\ 13 huary and February (60-100 m; Annala et al. 2003). Interannual variability in

yobably influsnces spawning and schooling behaviour. Over the last three years.
Ntheastern coastal climate has gone from mild La Nina conditions (onshore north:
ds predominating with associated warmer than average water temperatures) to those
th E! Nino conditions (offshore south-westerly winds predominating and colder than
aters). Although interannual variability in the timing of onshore migrations may affect the
rability of age distributions between regions and years, future surveys should still take place
€,/ihe same four-month period to help maintain consistency. Recreational fishing activity before
January is 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
comprehensive age-length key. However, if kahawai movements between areas are size related, and
year-specific, as suggested by the differences between regional length and age distributions, the use of
a combined age-length key may introduce bias to the age distributions, which is highly und;sirable.

.
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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 unlikel i
been totally eliminated. Further, we used the thin sectioning otolith preparation

and Kalish (1998) concluded that this approach gave the most reliable an
Difficulty was experienced, when interpreting growth structures on the mar
late April, as ring deposition appears to occur in some, but not all fish, a
kahawai collected later than early April should therefore be avoided

already available.

The von Bertalanffy curves derived from the last three years ried in the
Annala (2003), possibly more so in East Northland. Growth 1 stock
assessment purposes are those ‘obtained by ‘McKenzie el . The® estiinated were derived
from the more selective commercial purse seine and si i efore probably less
representative than those derived from this study. h estimates are sex-
specific, yet Bradford (1998), found little eviden

The relationship between the size and pwai\ N relative to estimates of the
distance offshore, by month, was investi, i dorthland and the Bay of Plenty

in 2001-02 and 2002-03. There is
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Appendix 1: Estimated proportions at length and c.v.s fof kahawai sampied from recreational
fishers in East Northland, Haurakd Gulf and the Bay of Plenty in 2000-01, 2001-02 and 2002-03

P.i. = proportion of fish in length class. n = total number of fish sampled.
c.v. = cocfficient of variation. m.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 2000-01 2001-02 ) 2002-03
(cm) P.i. cv. P c P (A% -
10 0.0000 0.00 . . .

1 0.0000 0.00

12 0.0000 0.00

% 13 0.0000 0.00

14 0.0000 0.00

15 0.0000 0.00

16 0.0000 0.00

17 0.0000 0.00

18 0.0000 0.00

19 0.0000 .0.00

20 0.0000 0.00

0.0008 1.00

0.0000 0.00

0.0000 0.00

0.0008 1.00

i 0.0040 0.53

: 0.0065 0.43

0.0048 0.46

; 0.0032 .

: 0.0097
i 0.0097
¢ 0.0129
i 0.0186
! 0.0234
B 0.0339
0.0517
0.0395

>§ 0.0000 0.00 0.0008 1.00 y

00016 071 0.0008 1.00 888.,‘?‘? (1,288

00000  0.00 00000 000 0.0000 0.00

00000  0.00 0.0008 1.00 0.0000 0.00
65 00000  0.00 0.0000 0.00 0.0000 0.00
66 00000  0.00 0.0000 000 0.0000 0.00
67 00000  0.00 0.0008 1.00 0.0000 0.00
68 0.0000 0.0 0.0000 0.00 0.0000 0.00
69 00000 000 0.0000 0.00 0.0000 0.00
70 0.0000 0.00 0.0000 0.00 0.0000 0.00
n 1239 1318 117N
mw.c.v. 0.17 0.17 0.18
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3 Appendix 1 - continued: . .
‘E Estimates of the proportion at length of kahawat from the Hauraki Gulf in 200001, 200102 and 200
Length 2000-01 20020 @

0.00 0.00
1l 00000 0.0 00000 0.0
12 00000  0.00 00000 000
‘ 13 00000 000 00000 0.0
14 00000 000 00000 0.0
15 00011 100 00013 100
: 16 00000 000 00013 100
17 0002 099 00000 0.0
18 00045 099 00000 000
19 00101 0l 00000 000
; 20 00045 060 00000 0.0
21 00000  0.00 00025 071
. 0.00 X 0.7
0.61 0.

0.22 0.0843 0.15
0.17 0.0477 0.17
23 0.0216 0.23
0.24 0.0205 0.24
0.24 0.0193 0.23
0.23 0.0330 0.19
0.22 0.0216 0.28
0.24 0.0318 0.21
0.24 0.0205 023
0.18 0.0205 030
0.23 0.0250 024
021 0.0216 0.23
0.21 0.0261 0.21
0.23 00193 0.24
0.29 0.0216 026
0.25 0.0205 0.27
0.49 0.0080 038
0.29 0.0125 0.32
0.29 0.0057 045
0.37 0.0057 0.45
0.53 - 0.0057 0.44 .
0.50 0.0011 1.00
1.00 0.0011 1.00
0.00 0.0000 0.00
0.71 0.0000 0.00
0.00 0.0000 0.00
0.00 0.0000 0.00
0.00 0.0000 0.00
0.00 - 0.0000 0.00
0.00 0.0000 0.00
0.00 0.0000 0.00
0.00 0.0000 0.00
0.00 0.0000 0.00
0.00 0.0000 0.00
880
0.25 022
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Appendix 1 - continued: )
Estimates of the proportion at length of kahawai from the Bay of Plenty in 2000-01, 200102 and 200

2001-02
P.i cv.

0.0000 0.00
0.0000 0.00
0.0000 0.00
0.0000 0.00
0.00

Length
(cm)

™
COPOrOO-O000000090 o §
2383333888888888 ==

0.00

1.00

1.00

1.00

0.00

X 0.00
0.0000 0.00 0.0000 0.00
0.0000 0.00 0.0000 0.00
0.0000 0.00 0.0000 0.00
0.0000 0.00 0.0000 0.00

1476 1133

0.15 : 0.17
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Appendix 2: Estimated proportions at age and c,v.s of kahawai sampled from recreational

fishers in East Northland, Hauraki Gulf and the Bay of Plenty in 2000-01, 200102 and 2002-03
Pj. = proportion of fishin age class. - n = total number of fish sampled.
c.v. = coefficient of variation. mw.c.v. = mean weighted c.v.

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

: A eV, Pj. [ § :

(ycars) P

1 0.0000 0.00 0.0000 0.00
2 0.0223 0.26 0.0241 0.27
3 0.2511 0.06 0.1780 0.08
4 0.2629 0.07 0.2663 0.07
5 0.1182 0.12 0.1430 0.11
6 0.1091 0.12 0.1426 0.11
7 0.0537

8 0.0221

9 0.0287

10 0.0279

11 0.0281

12 0.0304

13 0.0230

14 0.0127

15 0.0032

i6 0.0013

17 0.0039

18 0.0000

19 0.0000

>19 0.0000

n 517

mw.C.V.

m% the Hauraki Gulf in 2000~01, 2001-02 and 2002-03

1 2001-02 2002-03
v, V Pj. X Pj. cv.
0.0025 0.71. 0.0000 0.00
0.0581 0.17 0.1618 0.08
0.4188 0.05 0.4677 003
0.1835 0.09 0.1498 0.10
.0.1067 0.13 0.0514 021
'0.0615 0.17 0.0430 0.25
0.0591 0.17 0.0397 026
0.0313 0.27 0.0210 0.30
0.0080 052 . 0.0177 "0.36
0.0098. 0.50 0.0096 055
0.0164 0.35 " 00119 044
0.0083 0.53 0.0076 0.64
0.0084 0.56 0.0113 0.49
0.0207 033 0.0029 1.03
0.0028 1.02 0.0011 1.09
0.0000 0.00 0.0000 0.00
0.0015 1.07 0.0011 1.09
00000 . 0.0 0.0000 0.00

- 0.0000 0.00 0.0000 0.00
0.0000 0.00 0.0000 0.00

500 527
0.13 0.12
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Estimates of the proportion at age of kahawai from the Bay of Plenty in 2000-01, 200102 an

Appendix 2 - continued:

Age 200001

(ycars) Pj. c.v.
0.0000 0.00
0.0101 0.32
0.1405 0.08
0.1482 0.09
0.1331 0.11
0.1217 0.13
0.1244 0.13
0.0596 0.22
0.0558 0.21
0.0650 0.20
0.0669 0.19

- — e e e e OO NI LD
éGmGaGAGN:S

mw.c.v.
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Estimates of proportion of length at age for kshawai sampled from the East Northland recreational fishery, January to April 2002-03,

(Note: Aged to 01/01/03)
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Appendix 4: Age-length keys derived from otolith samples collected from recreational fishers from the Hauraki Gulf in 200001

2001-02 and 2002-03.

January to April 2000~01.

Estimates of proportion of length at age for kahawal sampled from the Hauraki Gulf recreational fishery,

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

(Note: Aged to 01/01/02)

Appendix 4 ~ continued:
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Appendix 4 - continued:

fishery, January to April 2002-03.

Estimates of proportion of length at age for kahawai sampled from the Hauraki Gulf recreational

(Note: Aged to 01/01/03)
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19 age

/Age)(ycars) No.
12 13 14 15 16 17, N9

10

Estimates of proportion of length at age for kahawai sampled from the Bay of Plenty recreational fishery, January to April 2000-01.

Appendix 5: Age-length keys derived from otolith samples collected from recreational fishers from the Bay of Plenty in 2000~01,
{Note: Aged to 01/01/01)

2001-02 and 2002-03.
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Estimates of proportion of length at age for kahawai sampled from the Bay of Plenty recreational fishery, January to April 200102,
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Appendix S - coqﬁnued:

January to April 2002-03.

Estimates of proportion of length at age for kahawai sampled from the Bay of Plenty recreational fishery,

(Note: Aged to 01/01/03)
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EXECUTIVE SUMMARY

Armiger, H.; Hartill, B.; Tasker, R.; Smith, M.; Griggs, L. (2005). Length and age compositions
of recreational landings of kahawai in KAH 1 in January to April 2003-04 and 200405,
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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 thetefore 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 more 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 200001, 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 Guif 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
that 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
regionai length and age distributions emerges which provides a key component of any future stock
assessment of KAH 1. 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 (4rripis 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 & Trusewich (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 bascline information on harvest rates by recreational

fishers interviewed at boat ramps throughout the Auckland Fisheries Management Area (Sylvesterd _. - -
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




survey. The length compositions of recreational catches measured during boat ramp interviews were
compared with those reported by diatists. 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 1996, 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 canght by recreational fishers in East Northland, the Hauraki Guif, 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, ! 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 400500 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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T T 1 T T T
174°E 176" 178°E
East Northland Hauraki Gulf Bay of Plenty
MG Mangonul GU  Gult Harbour BO Bowentown
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OT Opito Bay, Kerikeri HB Hobson Bay MO Motu River
PA  Parua Bay (public ramp) KA Kawakawa OH Ohope
PC Parua Bay {club ramp) KU Kaiava SU  Sulphur Point, Tauranga
RK One Tree Point, Ruakaka MR Maretai TR Talkua
TU  Tutukaka OK Okahu Bay WI  Walhau Bay
WG Waltangi SA  Sandspit WK Whakatane
TA Takapuna WT Whitianga
T™M Te Kouma
WE Westhaven

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 Targetno.  Target age

of ramps length (h) sessions interviewing measured sample
East Northland 8 6 28 1344 1500 500
Hauraki Guif 1 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, il 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
Janded 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 kahawat 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 ym) 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:

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



e 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 catch-at-age. 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 the
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
msufficient 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 recreationat
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 SO 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 mwcevs 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 comesponds 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 kahawai, kahawal measured, kahawai measured per hour, and kahawai aged in 2003-04 and
2004-05, Regional summary statistics from previous survey years are given for comparative purposes.

Region Year  Ramp Number of Number Boats  Boats with Kahawai Kahawai
sessions ofhours interviewed  measurable measured aged
(fishing) kahawai

East Northland 2005 Mangonui 62 411 462 129 309 104
Opito Bay 31 192 280 52 111 60
‘Waitangi 31 390 506 99 261 132
Tutukaka R 193 170 23 55 43
Parua Bay (public) 63 415 398 40 67 40
Parua Bay (club) 62 412 558 83 137 88
Ruakaks 32 196 185 10 12 11
Mangawhai 31 197 193 23 41 36
Total 344 2407 2752 459 993 514
2004  Mangonui 19 123 367 78 154 /]
Opito Bay 21 109 204 54 97 64
Waitangi 24 140 259 89 269 90
Tutukaka 3 120 219 45 106 n
Parua Bay (public) 26 150 339 47 111 62
Parua Bay (club) 28 158 478 81 178 %
Ruakaka 26 156 254 9 18 12
Mangawhai 23 139 307 36 81 54
Total 190 1096 2427 439 1015 517
2003 186 1049 2089 436 117 304
2002 199 110 1878 491 - 13I8 526
2001 196 1129 2233 474 1236 517
Hauraki Gulf 2005  Sandspit 35 228 143 8 9 3
Gult Harbour 63 404 499 24 39 12
Takapuna 62 399 849 40 94 36
Westhaven 64 406 836 28 44 32
Hobson Bay 20 121 118 2 2 1
Okalu Bay 25 150 308 11 19 11
Half Moon Bay 97 611 1458 51 94 25
Maraetai 30 181 256 2 6 6
Kawakawa Bay 64 414 993 i 214 93
Kaiaua 32 193 18! - - -
Te Kourna 63 411 761 56 85 70
Total 557 3529 6402 293 606 289
2004  Sandspit 20 124 139 11 26 26
Guif Harbour 4 267 426 26 44 px)
Takapuna 44 290 814 39 146 52
‘Westhaven 46 278 744 33 56 2
Hobson Bay 22 133 34 11 23 15
Okalm Bay 16 96 277 12 18 11
Half Moon Bay 85 505 1637 89 187 91
Marsetai 23 139 299 1l 15 14
Kawakawa Bay 47 278 889 86 193 47
Kaisua 23 135 193 4 11 -
Te Kouna 38 230 460 23 45 39
2004  Total 408 2475 6222 345 764 350
2003 231 1301 3432 395 880 527
2002 204 1138 3348 339 786 500
2001 212 1174 2706 435 892 500
Bay of Pl 2005  Whitianga 50 346 358 51 116 60
Y of Flesty Tairua 32 209 269 32 34 10
Bowentown 62 419 603 65 116 66
Sulphur Point 121 780 1476 226 613 8
26 157 242 58 136 29
‘Whakatane 64 415 441 74 294 86
Ohope 27 164 111 37 107 64
Motu 15 94 11 9 28 -
Waihau Bay 9 54 100 13 19 -
Total 406 2636 3611 565 1483 393
2004  Whitianga 15 60 170 26 67 47
Tairva 14 47 131 19 37 19
Bowentown 16 68 11 18 37
Sulptur Point 16 65 177 155 13

Maketu 15 63 62 34 77
Whakatane 10 k>l 201 85 326 74
Ohope 16 6l 54 24 57
s 23 41 35 198 -
‘Waihan Bay 1 5 5 5 31 3t
Total 108 429 952 306 995 412
2003 120 462 1246 357 1133 47
2002 141 474 1197 457 1476 495
2001 100 319 934 294 1104 457
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Figure 2: Length and age distributions (histograms) and c.v.s (solid line) of recreational landings of kahawai
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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 a juvenile 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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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 eastem 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 matked changes can occur over the survey period (see Figures 3 & 6).

In 200304, 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 200405 fishing season.
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Figure 9: Length of landed kahawai relative to the estimated distance off the Bay of Plenty coastline at which
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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,

Hauraki Guif 2004-05
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Figure 10: Comparison of analytical and bootstrap variance estimates calculated for recreational landings
of kahawal 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 of fish landed by ramp, by survey
day, suggested that there was 1o pattem in catches across ramps, within a survey day, or with any given
ramp throughout the samphng season. It is perhaps not surprising that there was no marked similarity
between the average size of fish 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 that, in
this case at least, there is no significant correlation between landings, and hence no concomitant
underestimation of variance.
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Partial sample autocorrelation & 85% C.1.

Lag between obervations

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 catch-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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largely 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 0.37 039 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
interannually 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 mwevs of 022 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 detived from recreational landings sampled in 2003-04 and
200405 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 200405 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 KAH 1 and subsequently caught, 80% were recaptured in KAH 1, with the majority of
the remainder caught in the Hawke Bay/Gisborne 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 fishstocks, 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: Estinmted proportions at length 2nd ¢.v.s fof kahawal sampled from i

fishers in East Northland, Hauraki Guif and the Bay of Plenty in 2003-04 and 200405
P.i. = proportion of fish in length class. # = tota] sumber of fish sampled.
e.v. = coefficient of variation. m.w.o.v. = mean weighted c.v.

Extimates of the praportiont at length of kahawai from East Northland in 2003-04 and 2004-05

Length 2003-04 2004-05
(cm) P ev P e,
10 0.0000 0.00 0.0000 0.00
1 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 071 00111 0.37
27 0.0049 0.52 0.0081 0.46
28 0.0069 0.51 0.0131 0.36
2% 0.0059 0.46 00171 0.29
30 0.0049 0.43 0.0070 038
31 0.0039 0.48 00131 0.40
32 0.0158 0.34 0.0040 0.50
33 0.0128 0.29 0.0040 0.50
34 0.0286 027 0.0040 0.50
35 0.0365 0.29 0.0151 029
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 024
41 0.0207 0.22 0.0201 0.22
42 0.0296 0.20 0.0211 035
43 0.0286 621 0.,0201 022
44 0.0453 0.17 0.0211 0.22
45 00345 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 003591 0.14 0.0743 0.12
49 00798 Q.11 0.0775 on
50 0.1025 011 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 00374 0.17 0.0524 0.14
55 0.0365 0.17 0.0393 0.16
6 0.0128 0.29 0.0383 0.18
57 0.0099 031 00121 0.28
58 0.0079 0.35 0.0081 035
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
14 0.0000 0.00 0.0000 0.00
70 0.0000 0.00 0.0000 0.00
n 1015 993

mw.er. 0.20 0.19
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Appendix 1 - continued:
Estimates of the proportion at length of kahawal frem the Hauraki Gulf in 200304 and 2004

Length 2003-04 Length 2004-05
(cm) P Y (cm) P 1%
10 0.0000 0.00 10 0.0000 0.00
1n 0.0000 0.00 1 0.0000 0.00
12 0.0000 0.00 12 0.0000 0.00
13 0.0000 0.00 13 0.0000 0.00
14 0.0000 0.00 14 0.0000 0.00
15 0.0000 0.00 15 0.0000 0.00
16 0.0000 0.00 16 0.0000 0.00
17 0.0000 0.00 17 0.0000 0.00
18 0.0000 0.00 18 0.0000 0.00
19 0.0000 0.00 19 0.0000 0.00
20 0.0000 0.00 20 0.0000 0.00
21 0.0013 1.00 21 0.0017 1.00
22 0.0039 0.57 2 0.0066 0.61
23 0.0039 0.56 23 0.0149 045
24 0.0105 0.35 24 0.0099 047
25 0.0183 0.38 25 0.0248 0.28
26 0.0262 0.26 26 0.0199 0.36
27 0.0563 0.21 27 0.0149 033
28 0.0812 0.19 28 0.0132 0.36
29 0.0471 0.25 29 0.0066 0.50
30 0.0340 0.19 30 0.0099 0.48
31 0.0406 0.19 31 0.0232 0.28
32 0.0537 0.16 32 0.0364 025
33 0.0668 0.16 33 0.0397 0.27
34 0.0812 014 34 0.0497 025
35 0.0772 0.14 35 0.0381 022
36 0.0929 0.15 36 0.0348 0.26
37 0.0733 0.21 37 0.0497 025
38 0.0524 0.18 38 0.0381 033
39 0.0209 0.29 39 0.0414 026
40 0.0275 027 40 0.0182 036
4] 0.0170 0.34 41 0.0132 035
4?2 0.0118 0.33 42 0.0166 030
43 00131 037 43 0.0099 041
44 00131 0.32 44 0.0083 0.44
45 0.0065 0.45 45 0.0132 035
46 0.0052 0.50 46 0.0149 033
47 0.0079 0.41 47 0.0331 033
48 0.0092 0.38 48 0.0430 021
49 0.0026 on 49 0.0381 020
50 0.0052 0.50 50 0.0414 0.21
51 0.0065 0.45 51 0.0546 Q.19
52 0.0065 0.45 52 0.0546 0.18
53 00118 0.34 53 0.0281 0.25
54 0.0039 0.58 54 0.0546 0.19
55 0.0065 0.45 55 0.0315 0.26
56 0.0013 1.00 56 0.0232 0.30
57 00013 1.00 57 0.0116 0.52
58 0.0000 0.00 58 0.0083 045
59 0.0013 1.00 59 0.0033 071
60 0.0000 0.00 60 0.0000 0.00
61 0.0000 0.00 61 0.0033 071
62 0.0000 0.00 62 0.0000 0.00
63 0.0000 0.00 63 0.0033 0.70
64 0.0000 0.00 64 0.0000 0.00
65 0.0000 0.00 65 0.0000 0.00
66 0.0000 0.00 66 0.0000 0.00
67 0.0000 0.00 67 0.0000 0.00
68 0.0000 0.00 68 0.0000 0.00
69 0.0000 0.00 65 0.0000 0.00
70 0.0000 0.00 70 0.0000 0.00
n 264 606

mw.cv. 0.22 028
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Appendix 1 - continued:
Estintates of the proportion at length of kahawal from the Bay of Plenty in 2003-04 and 200405

Length 2003-04 Length 2004-05
(cm) P.i. (22 (em) P ev.
10 0.0000 0.00 10 0.0000 0.00
1 0.0000 0.00 11 0.0000 0.00
12 0.0000 0.00 12 0.0000 0.00
13 0.0000 0.00 13 0.0000 0.00
14 0.0000 0.00 14 0.0000 0.00
15 0.0000 0.00 15 0.0000 0.00
16 0.0000 0.00 16 0.0000 0.00
17 0.0000 0.00 t7 0.0000 0.00
18 0.0000 0.00 18 0.0007 1.00
19 0.0000 0.00 19 0.0000 0.00
20 0.0000 0.00 20 0.0007 1.00
21 0.0000 0.00 21 0.0007 1.00
22 0.0000 0.00 22 0,0034 0.60
23 0.0000 0.00 23 0.0040 0.41
24 0.0000 0,00 24 0.0047 0.47
5 0.0010 1.00 25 0.0047 038
26 0.0030 0.74 26 0.0040 0.47
27 0.0040 0.78 27 0.0067 0.34
28 0.0040 0.60 28 0.0074 0.32
29 0.0020 0.70 29 0.0074 0.32
0 0.0030 0.57 30 0.0067 0.31
31 0.0020 0.70 31 0.0115 0.29
32 0.0070 0.55 32 0.0142 0.30
33 0.0030 057 33 0.0101 0.27
34 0.0040 0.50 34 0.0209 0.19
35 0.0131 0.36 35 0.0276 0.18
36 0.0080 039 36 0.0236 0.19
37 0.0101 0.46 37 00175 0.22
38 0.0050 0.52 38 0.0169 0.22
39 0.0040 Q.50 39 0.0283 0.16
40 0.0070 037 40 0.0256 0.16
41 0.01M 0.26 41 0.0533 0.13
42 0.0201 027 42 0.0668 0.10
43 0.0181 0.24 43 0.0539 0.11
44 0.0271 0.20 44 0.0371 0.14
45 0.0492 0.18 45 0.0344 0.15
46 0.0623 0.15 46 0.0384 0.14
47 0.0724 0.13 47 0.0391 0.14
48 00945 0.11 48 0.0486 0.12
49 0.1317 0.09 49 0.0593 0.1
50 0.1236 0.09 30 0.0654 0.13
51 0.0975 0.10 51 0.0735 0.10
52 0.0754 0.12 52 0.0546 0.12
53 00422 0.17 53 0.0425 0.15
54 0.0382 0.16 54 0.027¢ 0.16
55 0.0201 oz 35 0.0169 0.20
56 00111 0.33 56 0.0148 0.21
57 0.0040 0.49 57 0.0034 045
58 0.0080 0.36 58 0.0040 0.41
59 0.0040 0.50 59 0.0027 0.50
60 0.0000 0.00 60 0.0047 047
61 0.0010 0,99 61 0.0027 0.61
62 0.0010 1.00 62 0.0027 0.50
63 0.0000 0.00 63 0.0034 045
64 0.0000 0.00 64 0.0013 on
65 0.0010 1.00 65 0.0007 1.00
[ 0.0000 0.00 66 0.0000 0.90
67 0.0000 0.00 67 0.0000 0.00
68 0.0000 0.00 68 0.0007 1.00
69 0.0000 0.00 69 0.0000 0.00
70 0.0000 0.00 70 0.0007 1.0
” 995 1483

nw.cy. 0.17 0.17
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Appendiz 2: Estimated proportions at age and c.v.s of kal j sampled from recreational

fishers in East Northland, Hauraki Gulf and the Bay of Plenty in 2003-04 and 2004—05.
Pj. = proportion of fish in age class. n = total manber of fish sampled.
c.v. = coefficient of variation. m.w.c.v. = mean weighted o.v.

Estimates of the proportion at age of kahawai from East Northland in 2003-04 and 2004-05,

Age 2003-04 2004-05
(years) Pyj. o Py c.v.
1 0.0010 1.00 0.0000 0.00
2 0.0418 0.18 0.0752 Q.11
3 0.1766 0.00 0.0787 0.14
4 01838 0.09 0.1191 011
5 0.1026 0.13 0.1576 010
6 0.1290 0.1 0.1101 012
7 01214 0.12 0.1509 Q.10
8 0.0711 0.16 0.0896 014
9 0.0628 0.17 0.0854 014
10 0.0472 0.20 0.0396 0.21
1 0.0159 0.36 0.0263 025
12 0.0112 0.41 0.0123 0.38
13 0.0218 028 0.0108 0.41
14 0.0016 1.01 0.0102 0.42
15 0.0079 0.52 0.0105 0.48
16 0.0000 0.00 0.0051 0.58
17 0.0022 1.01 0.0035 on
18 0.0000 0.00 0.0000 0.00
19 0.0000 0.00 0.0000 0.00
>19 0.0000 0.00 0.0000 0.00
n 517 514

mw.c.v, 0.14 0.14

Estimates of the proportion at age of kehawai from the Hauraki Gulf in 200304 and 2004-05.

Age 2003-04 200405
(years) Pj. o Py. -2
1 0.0000 0.00 0.0000 0.00
2 0.3013 0.07 0.0730 0.16
3 0.4835 0.05 0.38%4 0.05
4 0.1454 0.12 0.1049 0.17
5 0.0274 0.29 0.1044 0.16
6 00110 0.48 0.0538 0.25
7 0.0087 0.44 0.0412 0.30
8 0.0020 115 0.0621 0.24
9 0.0033 1.09 0.0289 0.47
10 0.0022 1.09 0.0203 0.45
11 0.0029 1.05 0.0259 0.39
12 0.0000 0.00 0.0389 036
13 0.0013 1.00 0.0265 038
14 0.0049 0.78 0.0051 0.77
15 0.0022 1.09 0.0033 1.03
16 0.0000 0.00 0.0000 0.00
17 0.0000 0.00 0.0042 1.01
18 0.0000 0.00 0.0084 0.62
19 0.0000 0.00 0.0000 0.00
>19 0.0000 0.00 0.0000 0.00
n 350 289

mw.c.v. 0.10 018
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Appendix 2~ continued:
Estimates of the proportion at age of kahawai from the Bay of Plenty in 2003-04 and 200405 ,

Age 2003-04 2004-05
(years) Py, 3% Py. ov.
1 0.0000 0.00 0.0000 0.00
2 0.0106 033 0.0332 0.18
3 0.0601 016 0.1660 0.08
4 0.0855 013 0.18717 0.10
5 0.0792 017 0.1542 012
6 0.1619 0.11 0.0813 017
7 0.1541 012 01115 0.14
8 0.1228 014 0.0474 0.24
9 0.0932 016 0.0827 0.18
10 0.0709 0.19 0.0393 025
n 0.0648 019 0.0181 034
12 0.0121 0.46 0.0165 0.50
13 0.0340 027 0.0189 0.41
14 0.0182 038 0.0055 063
15 0.0071 0.59 0.0088 0.59
16 0.0048 076 0.0025 1.01
17 0.0000 0.00 0.0056 0.82
18 0.0096 0.34 0.0107 0.56
19 0.0000 0.00 0.0000 0.00
>19 0.0042 0381 0.0000 0.00
n 412 393

mw.c.v. 017 0.17
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jonal fishers from East Northland in 2003—04 and
Age (years) No.
10 11 12 13 14 15 16 17 18 19 >19 aged

d from recr

Estimates 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)

Appendix 3: Age-length keys derived from otolith samples

2004-05.
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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 2005,

{Note: Aged to 01/01/08)

ears) No.
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Appendix 4: Age-length keys derived from otolith

200405,

y to April 2004
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Age (years) No.
19 >19 aged
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Appendix 5: Age-length keys derived from otolith

2004-05.

y to April 2004

I fishery, J

Estimates of proportion of length at age for kahawal sampled from the Bay of Plenty recr

(Note: Aged to 01/01/04)
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Appendix 5~ continued:

Estimates of proportion of length at age for kahawai sampled from the Bay of Plenty recreationsl fishery, January to April 2005

{Note: Aged 10 01/01/05)
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