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EXECUTIVE SUMMARY

Beentjes, M.P.; Carbines, G.D. (2012). Relative abdance, size and age structure, and stock
status of blue cod from the 2010 survey in Marlborogh Sounds, and review of historical
surveys.
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Marlborough Sounds 2010 blue cod potting survey

This report describes the 2010 Marlborough Soumdsng survey of relative abundance, population
length and age structure, and stock status ofddddor this area. Unlike previous surveys in tmea

the design included an experimental component, eoimgp random with fixed site sampling. This
survey adheres to the terminology and analysis oadstldefined in the 2011 blue cod potting survey
manual. Analyses of the 2010 survey catch ratdshe&st-age, total mortality (Z) and spawner-per-
recruit (SPR) were carried out at the level of eag{D’Urville, DUR; Pelorus Sound, PEL; Queen
Charlotte Sound, QCH; and Cook Strait, CKST), dmellevel of management areas (closed, fished,
closed-fished, outside) effective from 1 Octobef&O0Historical surveys of Marlborough Sounds
(2001, 2004, and 2007) and Cook Strait (2008) vedse analysed in the same way, and time series
comparisons were made.

Eighty three sites (34 random and 49 fixed) werecsssfully surveyed in 13 strata between 20
September and 22 October 2010. At each site, ®wete set, using directed pot placement, resulting
in 747 pots overall. A total of 1940 kg (4036 figif)blue cod was taken.

Region—highest mean catch rates of all blue cod (fixees} by region were from DUR (3.82 kg.ppt
c.v. 7.7%), followed by PEL (2.90 kg.potc.v. 12.6%), and QCH (2.09 kg.pot.v. 17.8%), and for
all random sites (including Maud) by region from RW4.75 kg.pot, c.v. 17.3%), followed by PEL
(2.17 kg.pot, c.v. 19.1%) and CKST (1.06 kg.ppt.v. 22.5%). Sex ratios were dominated by males
ranging from 1.8:1 to 6.8:1 (M:F). The scaled lénghd age frequency distributions for males and
females were unimodal with mean ages (fixed si@sjnales and females of 9.2 and 7.6 y (QCH), 8.4
and 6.8 y (PEL), 7.6 and 6.9 y (DUR), and 7.3 artdysfor CKST random sites. The proportion of
blue cod over the minimum legal size (30 cm and)oirefixed sites was 79% (PEL), 72% (QCH),
58% (DUR), and 50% in CKST random sites. Blue cedenarger and older in the inner sounds (QCH
and PEL) than in the outer regions (DUR and CKSIie type did not affect the population structure
in DUR, but in PEL blue cod caught from randomsiteere slightly smaller and younger than those
from fixed sites. The mortality estimated for fixed sites were 0.30 (QCH), 0.35 (PEL), O(88JR),

and 0.50 for CKST random sites, where age at &aituitment was set to six years. Corresponding SPR
(Foespr estimates were 38% (QCH), 32% (PEL), 23% (DURY 22% (CKST) using an M of 0.14.

Management area Meancatch rates (fixed sites) by management area bl cod were similar in
the closed, fished, and closed-fished areas (248, and 2.46 kg.pot respectively), and highest in
the outside area (3.40 kg.ppiThe proportions of blue cod over the minimum legjae (30 cm and
over) were 77% (closedpl1% (fished), 72% (closed-fished), and 62% (oulsil¥tale blue cod were
larger and older in the closed compared to theefisdnd outside areas, but for females the differenc
was minor, although there was a higher proportibhamer and older females in the closed area
compared to the other areas. The mortality estsnéde were 0.31 (closed), 0.47 (fished), 0.35
(closed-fished), and 0.46 (outside), where ageultrécruitment = 6 years. Corresponding SPR
(Foespr estimates were 37% (closed), 24% (fished), 32kséd-fished) and 24% (outside) using an
M of 0.14.

2008 Cook Strait blue cod potting survey
The 2008 blue cod potting survey of Cook Straip(tcode jug0801) was analysed and documented as
part of this project including preparation and aggimation from otoliths and presentation of
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biological data. Twenty-two fixed sites were susfely surveyed in 3 strata between 9 and 15
September 2008. At each site, 9 pots were setgudinected pot placement, resulting in 198 pots
overall. A total of 351 kg (683 fish) of blue cogsvtaken. Mean catch rate was 1.5 kg'path a cv

of 15%. Sex ratio was dominated by males (7.4:1)MThe scaled length and age frequency
distributions for males and females were unimodh wean ages for males and females of 7.8 and
5.8 y. The proportion of blue cod over the minimiggal size (30 cm and over) was 66%. The
mortality estimateZ) was 0.39 where age at full recruitment was sétyears, and the corresponding

SPR (kwspp estimate was 28% using an M of 0.14.

Time series

Temporal analyses of the 2001, 2004, 2007, 20082840 surveys show that the fished area (outer
sounds) blue cod population structure was largelrcsuntil 2010 when there was a marked increase
in average size, age, and abundance of blue cadtfie closed area (inner sounds). The Z and SPR
estimates also reflect these changes. The cloguteednner Sounds to all fishing two years before
the 2010 survey suggests that this has had a draeftgct on the population size, age, and numbers
of fish inside the closed area. The 1995 and 1988ighed catch rates were higher than those from
2001 to 2007, however, we recommend that these-bstimated using standard methods.

2010 drift underwater video survey (DUV)

DUV transects were done concurrently with pottin@@ sites.. In total the video surveyed 62 km of
transects covering a total area of 258 46% from which 2003 independent benthic habitat
observations were made, and 861 blue cod andakeaciated habitat were recorded. Pots caught 936
blue cod. Pots had a higher proportion of blue ftoth 29 to 40 cm and the implications of pot size
selectivity are discussed. The observed densithloé cod from video transects had only a poor
relationship with pot catches, and the variance @ften high for both pots and the video. It appears
that pots are attracting blue cod in from a distagieater than the area surveyed, and/or thablhat
cod populations are highly clumped within the syreeea. The relationship between pot catch and
video count (i.e., catchability) was also highlyrighle among locations. The relationship between
blue cod and benthic habitat structure is also @xaan
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1. INTRODUCTION

This report describes the 2010 Marlborough Soumdisng survey of relative abundance, population
length/age structure and stock status of blue &adlaperciscoliag continuing the time series that
began in 1995. Unlike previous surveys in this ahea2010 survey included an experimental design
component, comparing random sampling with the stethdixed site sampling. In addition, drift
under-water video (DUV) surveying was carried oomeurrently with the potting survey at selected
sites to compare size structure and abundance éetthe two methods. A reanalysis of the catch
rates of the 2001 to 2007 surveys was also caoigdas well as analyses of catch-at-age, total
mortality, and spawner-per-recruit, all complianithwthe potting manual analytical methods
(Beentjes & Francis 2011). There was also inforomagivailable from a 2008 survey in Cook Strait for
which there are no published analyses or resulferthis survey we carried out complete analyses of
biological data, prepared and aged otoliths, andllfi produced catch-at-age, total mortality, and
spawner-per-recruit outputs. Time series compasistinabundance, size and age composition, and
stock status were then made.

1.1 Blue cod potting surveys

Recreational blue cod stock status for stocks énSbuth Island are monitored using potting surveys
that provide relative biomass indices. These swvike place predominantly in areas where
recreational fishing is common, but in some arbasetis substantial overlap between the commercial
and recreational fishing grounds. In addition te tarlborough Sounds, there are currently eight
other areas surveyed, located in key recreatiaghéfies around the South Island, the aim being to
repeat each survey about every four years: Kaik@@eabines & Beentjes 2006a, 2009), Motunau
(Carbines & Beentjes 2006a, 2009), Banks Penin@dantjes & Carbines 2003, 2006, 2009), north
Otago (Carbines & Beentjes 2006b, 2011b), soutly®(Beentjes & Carbines 2011), Paterson Inlet
(Carbines 2007, 2011), Dusky Sound (Carbines & Begr2003, 2011a) and Foveaux Strait, (Carbines
& Beentjes 2012). In the Marlborough Sounds, pgtsarveys have been carried out in 1995, 1996,
2001, 2004, 2007 (Blackwell 1997, 1998, 2002, 2@IH8), and in 2010 (current survey). There was
also an unpublished 2008 survey outside of the dsim Cook Strait which has been analysed and
documented in this report.

The aim of blue cod potting surveys is to provideal abundance indices, and to monitor the size,
age and sex structure of geographically separatedud populations. The surveys provide a means to
evaluate the response of populations to changdshing pressure and to the implementation of
management initiatives such as changes to the daity limit, minimum legal size, and/or area
closures. Changes to the daily bag limit, minim@gal size and spatial management changes have
occurred on five different occasions since 198@hie Marlborough Sounds (Ministry for Primary
Industries 2012). As blue cod are protogynous hphradites with some (but not all) females
changing into males as they grow, monitoring theraéio of the populations is important. The latges
fish in the populations are invariably males (Caelsi 2004b). In heavily fished blue cod populations
sex ratios skewed towards males are often obs¢Beehtjes & Carbines 2009). This is thought to
result from the removal of the inhibitory effect lafrge males, and a consequent higher rate (and
possibly earlier onset) of sex change by primamydies (Beentjes & Carbines 2005)

1.2 Status of blue cod in Marlborough Sounds

Blue cod Parapercis coliay is the second most important recreational targmtcies in the
Marlborough Sounds and in Tasman/Golden Bay. TH#b206 recreational catch estimates from
QMA 7 of 148 t represent a slight decrease fronviptes estimates of 239t in 1996, and 288 t in
2000. They still substantially exceed the small cwrcial fishery in QMA 7 (59 t in 2009-10),
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which is essentially confined to the outer Sounad ook Strait (Davey et al. 2008, Ministry for
Primary Industries 2012).

There has been a marked reduction in size of lddrcthe Marlborough Sounds from the late 1930s
(Rapson 1956) to the mid 1990s when the pottingesutime series began (Blackwell 1997). The
Marlborough Sounds potting surveys show a declinebiundance of about 60% between 1995/1996
and 2007, and indicate that local depletion hasiwed in the inner Sounds where blue cod catch
rates have been lower and size smaller than ther sotinds. Tagging experiments suggest that blue
cod have a restricted home range (Rapson 1956, labehnston 1983, Mutch 1983, Carbines &
McKenzie 2001, Carbines & McKenzie 2004) and thatks of this species are likely to consist of
many largely independent sub—populations withinhéiies Management Areas (FMA) (Carbines
2004b). This suggests that blue cod are susceptitdesalised and serial depletion within an FMA.

In response to concerns for the sustainability hef blue cod fishery the daily bag limit in the
Marlborough Sounds was progressively reduced fr@nin11986, to 10 in 1993, to 6 in 1994, and
finally to 3 blue cod in 1993 (Ministry for Primaigdustries 2012). The minimum legal size (MLS)
has ranged from 28 to 33 cm over this time, butesi2003 it has been 30 cm. On 1 October 2008, the
inner Marlborough Sounds (Pelorus and Queen Char®bunds) was closed to target blue cod
fishing for four years, with a whole-take-area (wh&ish had to be landed green or gutted) applying
in the outer sounds and a maximum daily limit (MDdf)only 3 blue cod per fisher (Ministry for
Primary Industries 2012). The 2010 Marlborough Sisupotting survey was carried out about two
years after the closure took place. From Octobdr228lue cod can be targeted in Marlborough
Sounds, but there is a slot limit of 30 to 35 crithv¥DL of 2 fish per person per day.

An objective for this project is to determine thatgs of Marlborough Sounds blue cod stocks ugiag t
spawner-per-recruit ¢spp, an MSY-related proxy. The recommended Harvesat&gy Standard
reference point for blue cod (a medium productigityck) is ko, (Ministry of Fisheries 2008). These
are the first SPR estimates for blue cod in theldaough Sounds.

1.3 Drift underwater video (DUV)

The basic premise of this long-term monitoring paogme is to use the passive capture method of
potting to estimate the relative abundance and siaecture of the Marlborough Sounds blue cod
population. However, a review of the blue cod pottprogramme recommended that this method
requires further validation (Stephenson et al. 20D#ferent methods have different selectivity 4@a,

and catch rates and size compositions from potiregknown to differ from other methods such as
line fishing (Carbines 1999, Blackwell 2002, 200Bpt catches have also been shown to have a
highly variable and largely unexplained relatiopshvith direct counts of blue cod from diver
transects (Cole et al. 2001). To investigate holeble a proxy potting is for estimating blue cod
abundance and population structure, dinestitu observations of blue cod populations from remaie d
video transects (see Morrison & Carbines 2006, iGash& Cole 2009) were compared with potting
survey catches in the Marlborough Sounds.

1.4 Objectives
Overall Objective

1. To estimate relative abundance, maturity state, re¢, and age structure of blue cod
(Paraperciscoliag) in the inner and outer Marlborough Sounds.
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Specific objectives

1. To undertake a potting survey in the Marlboroughurgls (BCO 7) to estimate relative
abundance, size- and age-at-maturity, sex ratio cafiect otoliths from pre-recruited and
recruited blue cod.

2. To analyse biological samples collected from fiogting survey and the 2008 Tory Channel
survey.

3. To determine stock status of blue cod populationthis area, and compare to other survey
areas.

4. To undertake a Dropped Underwater Video (DUV) syrgoncurrently with potting survey to
provide comparative estimates of biomass. (Sulifie¢he success of this method currently
being tested in BCO2009/02.)

5. To determine f, proxies for Marlborough Sounds blue cod.

In this report we use only the terms defined inlihee cod potting survey manual (Beentjes & Francis
2011) (Appendix 1).

2. METHODS
2.1 2010 Marlborough Sounds potting survey
2.1.1 Timing

A potting survey of the Marlborough Sounds area wasied out by NIWA between 20 September
and 22 October 2010 consistent with the previongeyts and coinciding with a the time of year when
spawning is known to occur in this region.

2.1.2 Survey area

The 2010 Marlborough Sounds potting survey incluti@dstrata (Table 1) from the inner and outer
sounds, D'Urville (east and west of the Island)] &ook Strait. It did not include Separation Point
(stratum 10) which was surveyed in 2004 and 2003u(E 1). Coastline length was measured using
the ArcMap (GIS system) and recorded in kilometfidwese replaced all previous coastline estimates
reported in the 1995 to 2007 surveys as these wammsidered to be inaccurate. In the absence of
specific habitat information or a clear understagdif the habitat requirements of blue cod, tha are
(km) within each stratum was taken as a proxy aflaile habitat for blue cod.

2.1.3 Survey design

The 2010 survey includes an experimental designpooent with the aim of comparing catch rates,
size, and age composition from fixed sites usatlén1995 to 2007 surveys, and random sites irastrat
4, 5, and 6 (EOPE, OPEL and DURE) (Table 1). Halfhe total sites sampled in these three strata
were allocated randomly and half were fixed sitasaddition, four sites were randomly allocated
around Maud Island (three in stratum 8, and orgratum 5), which encompasses the Department of
Conservation scientific reserve around which thiere Ministry of Fisheries (now Ministry for
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Primary Industries, MPI) no-take fishing zone. Aites in the Cook Strait region (strata 11 to 13,
APAE, COOK, UNDW) were randomly allocated. The iashworking group agreed that with only
one previous survey in Cook Strait (in 2008, udirgd sites), there was little concern about bigsin
the time series.

Fixed sites

The number of fixed sites used was optimised basedatch rates from previous surveys. From the
full and larger list of fixed sites available, anmber of sites per stratum were randomly selectdabto
surveyed in strata 1 to 9 (Figure 1). There waphlmase 2 component to the fixed sites survey.

Random sites

In strata where random sites were used, the stratastline was divided into one kilometre blocks
which were randomly selected. If two random sitesencontiguous, or overlapped with a fixed site,
then the next sites on the random list was seleetexiiring that no sites were closer than one
kilometre. There was no phase 2 component to thdora sites survey.

2.1.4 Vessel and gear

The 2010 Marlborough Sounds survey was conducted fF.V. Lady H.R a Picton based
commercial vessel equipped to set and lift roclsteband blue cod pots and skippered by Mr Craig
Ashton. The vessel specifications are: ffength, 3.2 m breadth, and displacement of 10i&
powered by a 60 kilowatt Ford Diesel engine witbgaller propulsion.

Nine custom designed and built cod pots were ugammduct the survey (Pot Plan 1 in Beentjes &
Francis 2011). Pots were baited with paua visaefarnifter pottles”. Bait was topped up after every
lift and replaced each day. The same pot desigrbaiidype were used in all previous Marlborough
sounds blue cod potting survey time series.

A high-performance, 3-axis (3D) acoustic dopplerrent profiler (SonTek/YSI ADP; Acoustic
Doppler Profiler, 500 kHz, ADCP) was deployed atheatation. The ADCP recorded current flow
and direction in 5 m depth bins.

2.1.5 Sampling methods

Fixed sites

At each fixed site nine pots were set and leftish {soak) for a target period of one hour during
daylight hours. Soak time was standardised to Imsistent with all previous potting surveys. The
nine pots were set along the 1 km of coastlindeadt 100 m apart to avoid pots competing for fish.
Placement of the six pots was directed by the skipsing local knowledge and the vessel echo
sounder to locate a suitable area of reef/cobbleiagenic habitat (i.e., directed placement). After
each site was completed (nine pot lifts) the ndoseast site (either random or fixed) in the stratum
was sampled. While it was not logistically possibdestandardise for time of day or tides, each
stratum was surveyed throughout the day, collelstigiving strata roughly equal exposure to all gail
tidal and time regimes. The order that strata wane/eyed depended on the prevailing weather
conditions.

Pots do not have a unique identifiable code andaasemed to have equal catchability. As each pot
was placed, a record was made of sequential pobeu@ to 9), latitude and longitude from GPS,
depth and time of day. Immediately prior to eachofeghe pots, an acoustic doppler current profiler
(ADCP) was deployed at the centre of each siteraocovered after the last pot of each set was lifted
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Pots were lifted aboard using the vessel’'s hydequdit lifter in the order they were set, and timeeti

of each lift was recorded. Pots were then emptiedl the contents sorted by species. Total catch
weight per pot was recorded for each species tondrest 10 g using 10 kg Merel motion
compensating scales. The number of individuals amhespecies per pot was also recorded. Total
length to the nearest centimetre below actual sie, and gonad maturity were recorded for all blue
cod. Sagittal otoliths were removed from a repreger size range of males and females (a target of
up to five fish of each sex per 1 cm size clasg tve available length range across all surveyatra
and weight of each fish was recorded to the nedr@g). Sex and maturity were determined by
dissection and macroscopic examination of the geii@drbines 1998, Carbines 2004b). Gonads were
recorded as one of five stages as follows: 1, imreabr resting; 2, maturing (oocytes visible in
females); 3, mature (hyaline oocytes in femalel,erpressible in males); 4, running ripe (eggs et

free flowing); 5, spent.

Random sites

The only difference between sampling at randomfaedl sites relates to the pot placement method.
Pot placement in random sites used “systematiceptent” as described in the potting manual, but
was randomised with respect to depth over suitabbky or cobbled substrate along a transect
perpendicular to the shore. Transects were spabedt avery 100 m within the 1 km length of
coastline and at each transect one pot was pladhd seandom depth selected. This novel approach to
pot placement was used to negate possible biasmihicand was approved by the Inshore Working
Group before the survey commenced.

2.1.6 Data storage

The trip code for the survey is lhrl001. At the pbetion of the survey, data were entered into
Ministry for Primary Industries (MPRrawl andage databases in accordance with the business rules
and the blue cod potting manual (Beentjes & Fra@0itl). Fixed sites are entered ittaw! table
t_station as attributestn code(concatenating strata number and site label, £/g.2B etc.), whereas
random sites are left blank istn code Pot locations are entered in tahlestation as attribute
station_no(concatenating set number and pot number e.gtp 119, or 31 to 39 etc.). In thege
database theample_nds equivalent testation_noin thetrawl database. The comments entered into
t_trip_commwere: “stratum 1 incorporates MAUD sites into &ir& and 8 as per previous surveys.
stratum2 gives option of including stratum 14,,iamalysing MAUD as separate stratum. stratum2
stored int_station.other.”

ADCP data were sent to the MPI Research Databasad#éa in spreadsheet format.

2.1.7 Ageing

Otolith preparation

The thin section technique is used for ageing bhgt otoliths (Carbines 2004a). In this method the
whole otolith is embedded in Araldite polymer resimked (50 C for at least three hours), and
sectioned transversely close to the nucleus wittiaanond-tipped cut-off wheel. The sectioned
surface of the otolith half is then glued to a glabde and a second cut is made resulting in #osec
of about 2 mm thickness. The resultant thin seatiorihe slide is then coated with a slide mountant
and sanded with 600-grit sandpaper to about 1 nickrtess before viewing. Sections were observed
at x40 and x100 magnification under transmittedtligith a compound microscope.

Otolith sections exhibit alternating opaque andighacent zones and age estimates are made by
counting the number of annuli (opagque zones) from d¢ore to the distal edge of the section, a
technique previously validated and a protocol dbedr for blue cod by Carbines (2004a).

Ministry for Primary Industries Marlborough Sounds blue cod 2010 « 7



Translucent zones are used to define each commbetgue zone, i.e., annuli are counted only if they
have a translucent zone on both sides. The redglabfl each otolith was also graded from 1
(excellent) to 5 (unreadable) and grade 5 otolitlese removed from the analysis. Otoliths for the
2010 survey were read by three readers (Derek Katader 1; Michael Stevenson, reader 2; Colin
Sutton, reader 3). Between-reader ageing precisim assessed by the application of the methods
and graphical techniques documented in Campanka @t985) and Campana (2001); including APE
(average percent error) and coefficient of variatio.v.).

2.1.8 Analyses of data

For the 2010 survey, data analyses (catch ratesases, mean size, catch-at-age, Z estimatesSRR)
were conducted and presented at two geographiggk|d.e., first by region and then by management
area.

Regional (QCH, DUR, PEL, CKST) analyses were cdroigt for fixed sites and for random sites (Table
1). All sites in QCH were fixed, all sites in CKSWere random, and DUR and PEL contained a mix of
fixed and random sites. For PEL region, all thi@edom sites in stratum 8 (MPEL), and one of five in
stratum 5 (OPEL), were set around Maud Island,-take area. Hence, for PEL region, two random site
analyses are carried out, one including the Maaddisites and one excluding them.

Management area (closed, fished, closed-fished,canside) analyses were carried out using areas
(Table 2, Figure 2) as follows:

Closed (strata 1, 2, 5, 7, and 8 using datafooiy fixed sites).

Fished (strata 3, 4, 6 using data only from fizitels).

Closed-Fished (combined closed and fished aredixéadl sites, strata 1 to 8).

Outside (strata 11, 12, 13, and 9 comprising ransites in CKST and fixed sites in
DURW).

Analyses of catch rates and coefficients of vaatic.v.s), length weight parameters, scaled leagth
age frequencies and c.v.s, sex ratios, mean leagthmean age, were carried out using the equations
documented in the blue cod potting manual (Bee#tjegancis 2011).

2.1.8.1 Catch rates

For 2010, the catch rate (kg.ppestimates are pot-based and the c.v.s are sat-b@atch rates were
estimated for all blue cod and recruited blue @idm and over which is equal to the MLS). Weights
of individual blue cod that were not weighed durthg 2010 survey were calculated from the length-
weight relationship for that survey (see below)rilded individual fish weights were then used to
determine catch rates and c.v.s of recruited bage The revised coastline lengths (km) shown in
Table 1 were used as the area of the strainwhen scaling catch rates (equations 3 and 5 in
Beentjes & Francis 2011). Catch rates are presdmjestratum, region, and management area. In
addition, analyses of catch rates from fixed siied random sites are compared for regions PEL and
DUR.

2.1.8.2 Length-weight parameters

The length-weight parameteas by, from the 2010 survey were used in the equation

_ b
w, =al™"
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which calculates the expected weight (kg) for b 66 sexk and length (cm) in the survey catch. These
parameters were calculated from the coefficientseofspecific linear regressions of log(weight) on
log(length) using all fish for which length, weighdnd sex were recorded; is the slope of the
regression line, and logy] is itsy-intercept.

2.1.8.3 Growth parameters

A von Bertalanffy growth model (von Bertalanffy 3wvas fitted to the 2010 survey length-age data
by sex as follows:.

L = Lo(1 — expt'=)
wherel, is the length (cm) at age L. is the asymptotic mean maximum lengkhjs a constant
(growth rate coefficient) ang is hypothetical age (years) for a fish of zergtén

2.1.8.4 Maturity

A logistic model of length on proportion mature waa for the 2010 survey data for each sex. Values
of length-at-50% and -95% maturitysgland Lss) were converted to age-at-50% and -95% maturity
(Aso and Ays) from the von Bertalanffy growth model from thereasurvey. These latter values were
used to define maturity in the spawner-per-reaundlyses (see Section 2.1.8.8).

2.1.8.5 Scaled length and age frequencies

Length and age compositions of Marlborough Sourmsufations were estimated using the NIWA

program Catch-at-age (Bull & Dunn 2002). The progscales the length frequency data by area of
the strata, number of sets in each stratum, anchasid catch weight determined from the length
weight relationship of individual fish. The lattezaling should be negligible or very close to dradli

fish on the survey are measured and if the acteadhw of the catch is close to the estimated weight
of the catch.

Length and age frequencies were calculated as msrobdéish from equations 7, 8, and 9 of Beentjes
& Francis (2011). The length and age frequencieshis report are expressed as proportions by
dividing by total numbers.

Bootstrap resampling (300 bootstraps) was usedlaav aalculation of c.v.s for proportions- and
numbers-at-length and age using equation 12 of tRee& Francis (2011). That is, simulated data
sets were created by resampling (with replacensaty from each stratum (regions or management
areas), and fish from each set (for length andirsiexmation); and also fish from the age-length-sex
data that were used to construct the age-length key

Regional analyses

For each of the four regions (CKST, DUR, PEL, Q@d)ch-at-age in 2010 was estimated using the
length and age data collected from that region, esing the age length key (ALK) generated fromHQC
region applied to the length data from QCH regifime ALKs from PEL and DUR were used for both
random and fixed sites within these respectiveoresjiSeparate analyses were carried out for fired a
random sites from DUR and PEL, and for PEL add#ti@nalyses were carried out excluding the Maud
Island random sites. The coastline lengths (kmjvshio Table 1 were taken as the area of the stratum
(A) for scaling length and age (equation 8 in Beeanife Francis, 2011). The length-weight
parameters used for scaling were those from th@ 20dvey for both sexes combined. Only 35 out of
4036 fish were not individually weighed during tharvey. For each region, scaled length frequency
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and age frequency proportions are presented tagetiie coefficients of variation (c.v.) for each
length and age class, and the mean weighted cieettfécof variation (MWCV).

Management area analyses

The proportions-at-age from fixed sites for indiwédl strata generated from regional catch-at-age
analyses were recombined corresponding to thedifferent management areas (closed, fished, closed-
fished, and outside). In this way, although we hemmbined strata across regions (e.g., QCH and PEL
regions make up the closed area), the age dataisispecific to the region-strata and hence applies
the ALK to the stratum from which it was collectedzor each management area, scaled length
frequency and age frequency proportions are predewigether with coefficients of variation (c.v.)
for each length and age class, and the mean wdigbtfficients of variation (MWCV).

2.1.8.6 Sex ratios, and mean length and age

For 2010, sex ratios (expressed as percentage aradenean lengths, for both the stratum or survey
level, were calculated using equations 10 and 1Bewntjes & Francis (2011) from the stratum or

survey scaled LFs. Mean ages were calculated amasgbgfrom the scaled age frequencies. These
outputs are presented by region (all sites, andaraggly for fixed and random sites) and by

management area.

2.1.8.7 Total mortality estimates

Total mortality ) was estimated from catch-curve analysis using@Ghapman Robson estimator
(CR) (Chapman & Robson 1960). The CR method has bhewn to be less biased than the simple
regression catch curve analysis (Dunn et al. 2008)ch curve analysis assumes that the right hand
descending part of the curve declines exponentiaflgl that the slope is equivalent to the total
mortality Z (M + F). Implicit are the assumptions that recruitmend amortality are constant, that all
recruited fish are equally vulnerable to captunel #hat there are no age estimation errors.

Estimates of total mortalityZ, were calculated for six alternative values of dige-at-recruitment (5

to 10 y) using the maximum-likelihood estimator ation 13 of Beentjes & Francis (2011)).
Variance (95% confidence intervals) associated @itvas estimated under three different parameters
of recruitment, ageing error, adestimate error (equations 14 to 18 of Beentjes &nEis (2011)).
Catch-at-age distributions were estimated sepgrédelmales and females and then combined, hence
providing a single Z estimate for the population.

For 2010,Z estimates were calculated by region (separatalyfifed and random sites), and by
management area.

2.1.8.8 Spawner-per-recruit estimates

A spawner-per-recruit analysis was used to estirtieter,spr Using the CASAL (Bull et al. 2005).
The calculations involved simulating fishing witbnstant fishing mortalityk-, in a population with
deterministic recruitment, and determining the Bloiim spawning biomass per recruit (SPR)
associated with that value &. The %SPR for thaF is then simply that SPR, expressed as a
percentage of the equilibrium SPR when there ifigting (i.e., wheri = 0).

For 2010, R,sprWas estimated by region (separately for randomfixed sites), and by management
area.
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Input parameters used in the SPR analysis
Growth parameters von Bertalanffy growth parameterd length weight coefficients estimated
from the 2010 survey (see below).

Parameter Males 95% Cl Females 95% Cl
K 0.118 0.098-0.139 0.128 0.098-0.158
to -0.923  -1.522--0.325 -0.989 -1.634--0.345
Lo 495 46.6-52.4 44.6 40.5-48.8
a 0.0013 0.0013
b 3.0873 3.0873
Natural mortality default assumed to be 0.14. Simiteés were carried out for M values 20%
above and below the default (0.11 and 0.17).
Maturity age-at-maturity was estimated from tlength-at-maturity logistic model

values of the 2010 surveydyand Lgso,, The ages that corresponded to these
parameters were estimated from the von Bertalantfjves of the 2010
survey. Maturity was entered as a logistic functising age-at-50% maturity
(Asoe) and Atasy, (age-at-95% maturity (@), Minus Agy). The values of
Asoy and Atase, were 4.8 and 4.6 years for females; the same yakaee also
used for males because male length-at-95% matuesyunrealistic.

Selectivity selectivity to the commercial fishasydescribed as knife-edge equal to
age-at-MLS. Age 7 was used which corresponded t& ME about 30 cm
from the 2010 von Bertalanffy curves.

Fishing mortality F)  fishing mortality is estimated from the result§ the Chapman-Robson
analyses and the assumed estimatd ¢fe., F = Z—M). TheZ value is for an
age-at-recruitment of 6 years.

Maximum age Assumed to be 31 years.

Because this is a ‘per-recruit’ analysis, it does matter what stock-recruit relationship is asstime
However, the calculations are simpler, and the Eited population reaches equilibrium faster, if
recruitment is treated as independent of spawnimgdss (i.e., has a steepness of 1).

2.2 2008 Cook Strait blue cod potting survey

The 2008 blue cod potting survey of Cook Straip(tcode jug0801) was analysed and documented
as part of this project (objective 2), includingegentation of biological data, preparation and age
estimation from otoliths, catch at age, total mdstdZ), and spawner-per-recruit analysis. Allssa
sampling methods including pot design and deploymesre the same as described above for the
2010 survey, however the vessel was the BuggernaughtOnly one reader was used (reader 1,
Derek Kater) to age the otoliths collected becanfséhe large difference in age estimates among
readers observed for the 2010 survey.

2.3 Analyses of historical surveys (1995, 1996, 200 1, 2004, 2007, and 2008)

Historical surveys included those in Marlboroughuas in 1995, 1996, 2001, 2004, and 2007
(trip_codes |hr0501, Ihr0601, 1hr0101, Ihr0401, &m@701, respectively), and the 2008 survey ofkCoo
Strait (jug0801). All these surveys used fixed sit€atch rates were estimated for 2001, 2004, and
2007 by region (QCH, DUR, PEL), and stand-alonetlier2008 survey of Cook Strait (CKST). Catch
rates were also analysed by management area #sef@010 survey, except that the 2001 and 2004
surveys did not include stratum 9 (DURW) or stitao 13 (Cook Strait), and hence there are ndtsesu
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for “outside” management area for these surveys. 2008 Cook Strait survey (strata 11, 12, and 13)
was combined with the 2007 stratum 9 (DURW) fordahalysis of the 2007 “outside” management area.
Catch rates from the 1995 and 1996 surveys weerprdted from the data and figures in the
published survey reports and presented by regidmamagement area (Blackwell 1997, 1998)

For the 2001, 2004, and 2007 Marlborough Soundsegsr(DUR, PEL, QCH), and the 2008 survey of
Cook Strait (CKST), catch-at-age was estimatedguia length and age data collected from that negio
for that survey. For example, using the age lekgyhgenerated from QCH in 2001, applied to thetleng
data from QCH in 2001. The 2010 survey length-wigigtiameters and areas of the strafaghown in
Table 1 were used in scaling catch-at-age. Asdtohcrates, the 2008 Cook Strait survey (strata 11,
12, and 13) were combined with the 2007 stratur®@9RW) for the analysis of the 2007 “outside”
management area catch at age. For historical ssinadlyfish were individually weighed. Historical
survey catch-at-age results are presented onlyadmagement area. No catch at age was estimatduefor t
1995 and 1996 surveys because the otoliths calléaien these surveys have not been prepared or aged

For 2001, 2004, 200and 20082 and kyspr estimates are provided by region and managemeat ar
The 2010 survey growth parameters, maturity, seigct and maximum age were used in the
spawner per recruit estimates. There ar&Zramd spawner per recruit estimates for 1995 and 1996
because there are no age data.

2.4  Drift underwater video (DUV)

To assess whether catch rates from potting suraeyproportional to actual abundance of blue cod,
blue cod populations were assessed using driftruzder video (DUV) counts done concurrently at 20
sites.

2.4.1 Equipment used

The DUV system consists of a 35 kg bulb keel aidites which steady and orientate a forward and
downward facing mounting platform fitted with aHigsensitive camera and scaling lasers (Morrison
& Carbines 2006, Carbines & Cole 2009). It was susied beneath the F.Vady H.R by a rope and

a live-feed video cable so that location, time,tdegnd date were all burned in real time onto the
recorded digital video footage using a video titlgegrated with a surface Geographical Positioning
System (GPS) and depth sounder.

2.4.2 Sample collection

The video system was deployed to a height of &t l&d m off the seabed, and once the speed of the
surface vessel reached about one knot, the kedbdrfths would orient the camera platform forward
and the video transect would begin recording fgraximately 1200 m. Contact with the seabed was
avoided by raising and lowering the system from sheface vessel throughout each transect and
scaling lasers were used to back-calculate theaizkevariations of transect width. Transects were
carried out between 0600 and 1500 hours, when Wl svas less than 2 m, and when speed
exceeded 0.8 mi's(to prevent fish being able to follow the camenal @ae-enter the video transect).
Three replicate video transects were done (shatedium/deep) parallel to the shoreline at 20 sites
directly prior to setting the pots.
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2.4.3 Video analysis

Each video transect was analysed (read) twicehdnfirst reading, the number of blue cod per
transect were counted and the transect dimensiosr® \geo-referenced. Transects were also
partitioned into gross general benthic habitatisast All blue cod were geo-referenced and scaling
lasers used to estimate fish length (Morrison &bGas 2006), fish angle to the camera was also
recorded (i.e., head-on, 45°, or 90°) as an estinpfaneasurement precision.

Habitat was characterised using the video recdddsing the first reading, at the location of each

blue cod a fish based habitat quadrat was takeprdajmately 5 m before and after each fish was
observed). During the second reading, within eaahsect, each section of gross general habitat
identified in the first reading (see above) wastlsampled with at least five sequential points to
record transect width from scaling-lasers and ifigtependent quadrat descriptions of benthic habitat
(i.e., approximately 5 m before and after each eptjal point). Both fish based and independent
habitat quadrats recorded primary substrate (eand, bedrock, etc.), secondary habitat structure
(e.g., macro-algae, sponge, shells) and percemager, topographic complexity (four categories),

and actual counts of benthic species where possible

All fish densities estimated by the area-swepttdiiffieo method were standardised by area, and the
variance examined. A correlation was determinedéen the number of blue cod observed in video
transects and caught by pots at each site (Colal.e2001). A comparison of blue cod length
frequencies was also made between methods to exasizie selectivity (Cole et al. 2001). Data on
fish abundance by size class anditu habitat data from the video are presented andi@ ohfish-
based and independent habitat observations was teedetermine features of the benthic
environment disproportionally present (i.e., aaatf more than 1) or absent (i.e., a ratio of kbss

1) of blue cod

3. RESULTS
3.1 2010 Marlborough Sounds blue cod potting survey
3.1.1 Sites surveyed

Eighty three sites were surveyed (9 pots per piteducing 747 pot lifts) from 20 September to 22
October 2010 from twelve strata throughout Marllugto Sounds and Cook Strait (Table 1, Figure 1).
Of the 83 sites, 49 were fixed and 34 were randeemdom sites were set only in DUR and PEL
regions. Depth ranged from 3 to 32 m, and the nseak time was 70 min (range 60 to 119 min, s.e.
2.57 min).

3.1.2 Catch

A total of 1940 kg of blue cod was taken on the@®Marlborough Sound survey, 1289 kg from fixed
sites and 650 kg from random sites (Table 1).

The 1940 kg of blue cod comprised 4036 fish andawcted for 93% by number of the catch of all
species on the survey (Table 3). Bycatch includeteleost fish, one shark, and one octopus species,
as well as hagfish. The four most common bycatatisg, by number, were triplefifrdsterygion
varium/ Grahaminocapito), scarlet wrasseP6eudolabrus milgsleatherjacketRarika scabe}, and
banded wrasséNptolabusfucicola).
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Of the 441 fixed site pots, 109 (25%) had zerolcafcblue cod, compared with 127 of 306 pots from
random sites (41%). Overall 31% of all pots set rext blue cod.

3.1.3 Catch rates

Mean catch rates (kg.pdtof blue cod (all sizes, and 30 cm and over) aesented by stratum, site
type (fixed and random), and overall for each regf@ables 4 and 5, Figure 3). Catch rates for
random sites are presented for sites both includinthexcluding those around Maud Island.

Mean catch rates (kg.pdtof blue cod (all sizes, and 30 cm and over) aesented by stratum, site
type (fixed and random), and overall for each manant area (Tables 6 and 7, Figure 4). Catch rates
for random sites are presented for sites both dictuand excluding those around Maud Island.

3.1.4 Biological and length frequency data

Cook Strait (CSKT random sites)

Of the 362 blue cod caught in the Cook Strait negadl but three fish were sexed and measured, and
otoliths were taken from 128 fish across the abéélaize range. The weighted sex ratio (M:F) ranged
from 11.3:1 to 0.82:1 across the three strata badverall weighted sex ratio was 5.2:1 (Table 8).

Size ranged from 19 to 48 cm for males and 14 tai®5for females, although this varied among
strata. Mean length of males was between 3 and §reater than females among the three strata and
overall weighted mean length was 30.5 cm for males 25.6 cm for females (Table 8). The scaled
length frequency distributions for strata 11, %] 43 were unimodal, although few fish were caught
in stratum 13 and few females caught overall (Fédh):

D’Urville (DUR fixed sites)

Of the 1346 blue cod caught in the D’Urville regifsom fixed sites, all but 9 fish were sexed and
measured. The weighted sex ratio (M:F) range wagasifor both strata and the overall weighted sex
ratio was 1.8:1 (Table 9).

Size ranged from 15 to 48 cm for males and 19 tor@or females, and was similar in the two strata.
Overall weighted mean length was 31.3 cm for males 28.7 cm for females (Table 9). The scaled
length frequency distributions for strata 6 andégevunimodal (Figure 6).

D’Urville (DUR random sites)

Of the 538 blue cod caught in the D'Urville registnatum 6 from random sites, all but 10 fish were
sexed and measured. The weighted sex ratio (M:B)3aa (Table 10). Size ranged from 20 to 44 cm
for males and 19 to 35 cm for females, and ovevalghted mean length was 31.5 cm for males and
29.1 cm for females (Table 10). The scaled leng#yuency distributions for stratum 6 were
unimodal (Figure 7).

Pelorus (PEL fixed sites)

Of the 780 blue cod caught in the Pelorus Sounibmefixed sites, all but 31 fish were sexed and
measured. The weighted sex ratio (M:F) ranged fBofl to 8.8:1 across the four strata and the
overall weighted sex ratio was 6.8:1 (Table 11).

Size ranged from 17 to 43 cm for males and 18 ta@i®4for females, although this varied among
strata. Mean length of males was between 3 to §raater than females among the four strata and
overall weighted mean length was 32.8 cm for males 28.3 cm for females (Table 11). The scaled
length frequency distributions for all strata wawaimodal, although female numbers are low
(Figure 8).

14 « Marlborough Sounds blue cod 2010 Ministry for Primary Industries



Pelorus (PEL random sites including Maud Island)

Of the 494 blue cod caught in the Pelorus Sountmegndom sites including those around Maud
Island, all but 23 fish were sexed and measured. Wéighted sex ratio (M:F) ranged from 3.9:1 to
9.1:1 across the three strata and the overall wegighex ratio was 5.4:1 (Table 12).

Size ranged from 18 to 43 cm for males and 10 tai®5for females, although this varied among
strata. Mean length of males was between 5 to @reater than females among the three strata and
overall weighted mean length was 32.1 cm for malas 27.2 cm for females (Table 12). The scaled
length frequency distributions for all strata warémodal (Figure 9).

Pelorus (PEL random sites excluding Maud Island)

Of the 394 blue cod caught in the Pelorus Sounimnegndom sites, excluding those around Maud
Island, all but 23 fish were sexed and measured. Wéighted sex ratio (M:F) ranged from 3.1:1 to
5.8:1 across the two strata and the overall weihbéx ratio was 4.2:1 (Table 13).

Size ranged from 18 to 43 cm for males and 15 t@r@5or females, although this varied between

strata. Mean length of males was between 4 to Hmater than females among the two strata and
overall weighted mean length was 31.4 cm for males 27.7 cm for females (Table 13). The scaled
length frequency distributions for both strata wenéamodal (Figure 10).

Queen Charlotte Sound (fixed sites)

Of the 506 blue cod caught in the Queen CharolBttend region fixed sites, all but 47 fish were
sexed and measured, and otoliths were taken froinfithh across the available size range. The
weighted sex ratio (M:F) ranged from 2.1:1 to 4.4ctoss the three strata and the overall weighted
sex ratio was 2.4:1 (Table 14).

Size ranged from 22 to 45 cm for males and 17 te@i®@%or females, although this varied among
strata. Mean length of males was between 3 to @reater than females among the three strata and
overall weighted mean length was 33.2 cm for males 29.0 cm for females (Table 14). The scaled
length frequency distributions lack the numbersdme strata to be able to describe size composition
well, but in general appear to be unimodal (FigLie

Management area
The mean lengths and sex ratios are given by mamagearea are in Table 15 together with other
additional outputs described below.

3.1.5 Ageing and growth

Ages from 649 fish were used in estimating the jatmmn age structure from Marlborough Sounds in
2010. By region there were 128 aged fish from CK8I8 from DUR, 182 from PEL, and 141 from
QCH. Mean age-at-length for each region is showfgpendix 2. Each regional data set was used to
produce a single ALK for males and females. Theaions combined length-age data for 2010 are
plotted and the von Bertalanffy model fits are shdar males and females separately (Figure 12).
The growth parameter((t, andL.) are shown in the methods table of input datattier SPR
analysis (Section 2.1.8.8). The growth parametersianilar for males and females except that males
achieve a greatdr, than females (i.e., 49.5 cm for males and 44.6arrfemales).

Between reader comparisons are graphically predentBigures 13 and 14. Reader 1 (Derek Kater)
is the experienced reader having read otoliths froost blue cod potting surveys to date. The
comparison between reader 1 and reader 2 indith#tghe second reader is under-estimating age
relative to reader 1 and this bias gets worse imitheasing age (Figure 13). The bias is less batwee
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reader 1 and reader 3, but for the older ages ré&aealso under-estimating age relative to redder
(Figure 14). Given the large differences betweerdee 1 and the inexperienced readers (2 and 3),
only ages from reader 1 were used in catch at agee@n Bertalanffy estimates.

3.1.6 Maturity

Gonad stages of blue cod in Marlborough Soundspteédnber-October 2010 are presented by region
for pre-recruited and recruited fish (Table 16).eflehwas a clear indication of spawning activity

during the survey period, particularly in DUR wheneer half the recruited and pre-recruited males
were running ripe. The proportions in other regiomicate that spawning had not yet peaked. There
appeared to be clear differences among regionkeirtitning of spawning, with a generally greater

proportion of Stage 1 fish found in the Cook Stediata (Table 16). However, the survey spanned
over a month and the two sites surveyed in strdtiman 21 October were largely composed of stage
4 and 5 fish.

Curves of the logistic models of length againsturigt by sex are shown in Figure 15. Lengths-at-
50% and -95% maturity were 23 cm and 33 cm for femaand 23 cm and 40 cm for males,
respectively. The female maturity length valuesemewnverted (using the von Bertalanffy curves of
the 2010 survey) into ages-at-50% and -95% mat(#ity, and Ase, 4.8 and 9.4 years) for use in the
spawner-per-recruit analyses. The female maturnityvec was used because for males the curve
appears to be very flat and the length at 95% ritatwas unrealistic.

3.1.7 Population length and age composition (region )

The scaled length frequency and age distributionghfe 2010 survey are shown separately for each
of the four regions as histograms and as cumuldtaspiency line plots for males, females, and both
sexes combined (Figures 16-22). The ALKs by sexshmvn in Appendix 3 (3A to 3D). All fish
lengths collected on the survey had at least olié age reading in the four ALKs for both males and
females for all catch-at-age analyses.

Cook Strait (random sites)

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
30.5 cm and 25.6 cm respectively (Figure 16). Timaudative distribution plots of length frequency
show clearly that males have a higher proportiofaafer fish than females and also that the largest
fish are males. The mean weighted coefficientsapiation (MWCVs) around the length distributions
are 32% for males and 73% for females, indicatimat tmales sampled in the survey provide a
reasonable representation of the overall populabahnot females because the sample size was low.
Fish 30 cm and over comprise 50% of the scaled eun{d able 15).

Age of blue cod ranged from 3 to 18 years for males 2 to 9 years for females, but most males were
between 5 and 10 years old and females betweend57 ayears old (Figure 16). The estimated
population age distributions are unimodal for betlies with the peak at about 6 years for males, and
5 years for females. The cumulative distributiootplof age frequency show clearly that males have a
higher proportion of older fish than females argbahat the oldest fish are males. Further, mean ag
of males is greater than that of females (7.3 yBarmales and 5.9 years for females). The MWCVs
around the age distributions are 35% for males%0% for females, indicating that males sampled
for age in the survey provide a reasonable reptagen of the overall population but less so for
females where sample numbers were low.
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D’Urville (fixed sites)

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
31.3 cm and 28.7 cm respectively (Figure 17). Timawdative distribution plots of length frequency
show clearly that males have a higher proportiofargfer fish than females and also that the largest
fish are males. The mean weighted coefficientsapiation (MWCVs) around the length distributions
are 24% for males and 27% for females, indicatingt tfish sampled in the survey provide a
reasonable representation of the overall populatish 30 cm and over comprise 58% of the scaled
numbers (Table 15).

Age of blue cod ranged from 2 to 21 years for maled 2 to 13 years for females, but most males
were between 5 and 9 years old and females bet@&esmd 9 years old (Figure 17). The estimated
population age distributions were unimodal with geak at 7 years for both sexes. The cumulative
distribution plots of age frequency show clearlgttinales have a higher proportion of older fismtha
females and also that the oldest fish are malegh&my mean age of males is greater than that of
females (7.6 years for males and 6.9 years for lfeshalhe MWCVs around the age distributions are
33% for males and 31% females, indicating that fisimpled in the survey for age provide a
reasonable representation of the overall population

D’Urville (random sites)

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
31.5 and 29.1 cm respectively (Figure 18). The datiue distribution plots of length frequency show
clearly that males have a higher proportion oféarfgsh than females and also that the largestdish
males. The mean weighted coefficients of variaiptwCVs) around the length distributions are
29% for males and 47% for females, indicating thates sampled in the survey provide a reasonable
representation of the overall population, but Es$or females where sample numbers were low. Fish
30 cm and over comprise 68% of the scaled numiersi¢ 15).

Age of blue cod ranged from 4 to 16 years for males 2 to 13 years for females, but most males and
females were between 6 and 9 years old (FigureTI®.estimated population age distributions were
unimodal with the peak at 7 years for both sexé& dumulative distribution plots of age frequency
show clearly that males have a higher proportiomldér fish than females and also that the oldest
fish are males. Further, mean age of males is@rdaan that of females (7.5 years for males a@d 7.
years for females). The MWCVs around the age thstibns are 35% for males and 40% females,
indicating that fish sampled in the survey for ggevide an imprecise representation of the overall
population.

Pelorus (fixed sites)

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
32.8 cm and 28.3 cm respectively (Figure 19). Timawdative distribution plots of length frequency
show clearly that males have a higher proportiofaagfer fish than females and also that the largest
fish are males. The mean weighted coefficientsapiation (MWCVs) around the length distributions
are 21% for males and 50% for females, indicatingt tfish sampled in the survey provide a
reasonable representation of the overall male pojpul, but not the female population because the
sample size was low. Fish 30 cm and over comp88¢é a@f the scaled numbers (Table 15).

Age of blue cod ranged from 2 to 18 years for maled 3 to 12 years for females, but most males
were between 6 and 11 years old and females betwesl 8 years old (Figure 19). The estimated
population age distributions were unimodal for beg¢txes, but male ages are skewed to the right with
the peak at 6 to 7 years for both sexes. The cuiveldistribution plots of age frequency show
clearly that males have a much higher proportionldér fish than females and also that the oldest
fish are males. Further, mean age of males is@rdaan that of females (8.4 years for males a@d 6.
years for females). The MWCVs around the age thistions are 38% for both sexes indicating that
fish sampled in the survey for age provide an irojgeerepresentation of the overall population.
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Pelorus (random sites including Maud Island)

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
32.1 cm and 27.2 cm respectively (Figure 20). Timawdative distribution plots of length frequency
show clearly that males have a higher proportiofargfer fish than females and also that the largest
fish are males. The mean weighted coefficientsapiation (MWCVs) around the length distributions
are 31% for males and 72% for females, indicatingt tfish sampled in the survey provide a
reasonable representation of the overall male pojpul, but not the female population because the
sample size was low. Fish 30 cm and over comp&$¢é a@f the scaled numbers (Table 15).

Age of blue cod ranged from 2 to 18 years for maled 1 to 15 years for females, but most males
were between 6 and 11 years old and females betwesl 8 years old (Figure 20). The estimated
population age distributions were unimodal for begtxes, but male ages are skewed to the right with
the peak at 6 to 7 years for both sexes. The cuiveldistribution plots of age frequency show
clearly that males have a much higher proportionldér fish than females and also that the oldest
fish are males. Further, mean age of males is@rdaan that of females (8.0 years for males afd 6.
years for females). The MWCVs around the age thstions are 38% for males and 57% for females
indicating that fish sampled in the survey for ggevide an imprecise representation of the overall
population.

Random sites (excluding Maud Island)

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
31.6 cm and 27.2 cm respectively (Figure 21). Timawdative distribution plots of length frequency
show clearly that males have a higher proportiofaafer fish than females and also that the largest
fish are males. The mean weighted coefficientsapiation (MWCVs) around the length distributions
are 35% for males and 79% for females, indicatingt tfish sampled in the survey provide a
reasonable representation of the overall male pojpul, but not the female population because the
sample size was low. Fish 30 cm and over comp88é 6f the scaled numbers (Table 15).

Age of blue cod ranged from 2 to 18 years for maled 1 to 15 years for females, but most males
were between 6 and 11 years old and females betwesl 8 years old (Figure 21). The estimated
population age distributions were unimodal for begixes, but male ages are skewed to the right with
the peak at 6 to 7 years for both sexes. The cuiveldistribution plots of age frequency show
clearly that males have a much higher proportionldér fish than females and also that the oldest
fish are males. Further, mean age of males is@rdaan that of females (7.6 years for males afd 6.
years for females). The MWCVs around the age thstions are 39% for males and 63% for females
indicating that fish sampled in the survey for ggevide an imprecise representation of the overall
population.

Queen Charlotte Sound (fixed sites)

The scaled length frequency distribution for bothles and females is bimodal with mean lengths of
33.2 cm and 29.0 cm respectively (Figure 22). Timawdative distribution plots of length frequency
show clearly that males have a higher proportiofaagfer fish than females and also that the largest
fish are males. The mean weighted coefficientsapiation (MWCVs) around the length distributions
are 38% for males and 64% for females, higher thesired for the survey to provide a reasonable
representation of the overall population. Fish 80and over comprise 72% of the scaled numbers
(Table 15).

Age of blue cod ranged from 5 to 16 years for maled 3 to 15 years for females, but most males
were between 6 and 13 years old and females bet@esl 9 years old (Figure 22). The estimated
population age distributions were unimodal for bs#ixes, but ages are skewed to the right with the
peak at 8 years for both sexes. The cumulativeilgigion plots of age frequency show clearly that

males have a much higher proportion of older fiemtfemales and also that the oldest fish are males
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Further, the mean age of males is greater thanothi@males (9.2 years for males and 7.6 years for
females). The MWCVs around the age distributiores 48% for males and 59% for females, higher
than desired to provide a good representationeobtierall population.

Comparison of length and age among regions

Cumulative plots of population length and age amitregfour regions with fixed sites in 2010 show
that overall blue cod are clearly larger and oidgQueen Charlotte Sound and Pelorus Sound than in
the outer regions of D’Urville and Cook Strait, kvithe latter having the smallest and youngest fish
for both sexes (Figure 23).

Comparison of length and age between fixed and rand  om sites

Comparisons of the fixed site and random site lergid age in the D’Urville region in 2010 shows
no discernible difference indicating that surveg $ype in this region did not influence the estieda
population structure (Figure 24).

In Pelorus Sound, four of the 12 random sites ihO2@ere located around Maud Island, a no-take
fishing zone (Figure 25). The results indicate tilae cod caught from random sites in Pelorus Sound
were slightly smaller and younger than those fraxed sites and with only very minor difference
between length and age structure between randa® tiat include those around Maud Island and
those where they are excluded, i.e., there is Sadieation that larger males resided around Maud
Island in 2010.

3.1.8 Population length and age composition (manage  ment area)

The scaled length frequency and age distributionghfe 2010 survey are shown separately for each
of the four management areas as histograms anchadative frequency line plots for males, females,
and both sexes combined (Figures 26—29). Only fsitb length data are included in these analyses
(see Table 2 for management area strata).

Closed area

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
33.3 cm and 28.8 cm respectively and sex ratio. @fLl3M:F) (Table 15, Figure 26). The cumulative
distribution plots of length frequency show cledthat males have a higher proportion of larger fish
than females and also that the largest fish aresndlhe mean weighted coefficients of variation
(MWCVs) around the length distributions are 24% ifeales and 46% for females, indicating that
males sampled in the survey provide a reasonaptesentation of the overall population, but females
do not because the sample size was low. Fish 3@rmhmover comprise 77% of the scaled numbers
(Table 15).

Age of blue cod ranged from 2 to 18 years for maled 3 to 15 years for females, but most males
were between 6 and 13 years old and females bet@eal 8 years old (Figure 26). The estimated
population age distributions are unimodal and sketeethe right for both sexes with the peak at
about 7 years for both male and females. The cuiveldistribution plots of age frequency show
clearly that males have a higher proportion of ofih than females and also that the oldest figh a
males. Further, the mean age of males is greaartttat of females (8.9 years for males and 7.8yea
for females). The MWCVs around the age distribiti@re 34% for males and 45% for females,
indicating that fish sampled in the survey for @gevide a reasonable representation of the overall
population for males, but less so for females wisaraple numbers were low.

Fished area
The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
31.2 cm and 28 cm respectively and sex ratio ofLl2(Bl:F) (Table 15, Figure 27). The cumulative
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distribution plots of length frequency show cledthat males have a higher proportion of larger fish
than females and also that the largest fish aresndlhe mean weighted coefficients of variation
(MWCVs) around the length distributions are 26% ifeales and 40% for females, indicating that
males sampled in the survey provide a reasonaplesentation of the overall population, but not
females because the sample size was low. Fish 3@ndmover comprise 61% of the scaled numbers
(Table 15).

Age of blue cod ranged from 2 to 17 years for maled 3 to 13 years for females, but most males
were between 6 and 9 years old and females betestd 8 years old (Figure 27). The estimated
population age distributions are unimodal and sketeethe right for males with the peak at about 7
years for both sexes. The cumulative distributitmspof age frequency show clearly that males have
a higher proportion of older fish than females afgb that the oldest fish are males. Further, mean
age of males is greater than that of females (@é&syfor males and 6.8 years for females). The
MWCVs around the age distributions are 24% for malad 31% for females, indicating that fish
sampled in the survey for age provide a reasonapeesentation of the overall population for both
sexes.

Closed-Fished areas

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
32.7 cm and 28.4 cm respectively and sex ratio. &fL3M:F) (Table 15, Figure 28). The cumulative
distribution plots of length frequency show cledthat males have a higher proportion of larger fish
than females and also that the largest fish aresndlhe mean weighted coefficients of variation
(MWCVs) around the length distributions are 19%rfmles and 36% for females, indicating that fish
sampled in the survey provide a reasonable repiasmm of the overall male population, but less so
for the female population, where sample size wagtoFish 30 cm and over comprise 72% of the
scaled numbers (Table 15).

Age of blue cod ranged from 2 to 18 years for maled 3 to 15 years for females, but most males
were between 6 and 13 years old and females bet@esl 8 years old (Figure 28). The estimated
population age distributions are unimodal and sketeethe right for both sexes with the peak at
about 7 years for both male and females. The cuiveldistribution plots of age frequency show
clearly that males have a higher proportion of ofih than females and also that the oldest figh a
males. Further, mean age of males is greater tisrof females (8.5 years for males and 7.1 yemrs f
females). The MWCVs around the age distributions a7% for males and 32% for females,
indicating that fish sampled in the survey for @gevide a reasonable representation of the overall
male population and less so for the female pomratihere sample numbers were lower.

Outside area

The scaled length frequency distribution for bothles and females is unimodal with mean lengths of
31.5 cm and 29 cm respectively and sex ratio oft2(M:F) (Table 15, Figure 29). The cumulative
distribution plots of length frequency show cleathat males have a higher proportion of larger fish
than females and also that the largest fish aresndlhe mean weighted coefficients of variation
(MWCVs) around the length distributions are 22% foales and 29% for females, providing a
reasonable representation of the overall populdtoboth sexes. Fish 30 cm and over comprise 61%
of the scaled numbers (Table 15).

Age of blue cod ranged from 3 to 21 years for maled 2 to 13 years for females, but most males
were between 6 and 11 years old and females bet@esl 9 years old (Figure 29). The estimated
population age distributions are unimodal and sketeethe right for males with the peak at about 7
years for both male and females. The cumulativiibigion plots of age frequency show clearly that
males have a higher proportion of older fish thamdles and also that the oldest fish are males.
Further, mean age of males is greater than thdierofles (7.7 years for males and 7.0 years for
females). The MWCVs around the age distributions a7% for males and 39% for females,
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indicating that fish sampled in the survey for ggevide a poor representation of the overall
population for both sexes.

Comparison among management areas

Cumulative plots of population length and age amthregfour management areas for fixed sites in
2010 show that overall male blue cod are cleangdaand older in the closed area compared to the
fished and outside areas, while the combined clisbdd area is intermediate between the outside
and the closed areas (Figure 30). For females tiereery little difference in length among
management areas, but there are slightly more dislerin the closed than the fished and outside
areas (Figure 30).

3.1.9 Total mortality estimates ( Z)

Region

Total mortality estimatesZ] and 95% confidence intervals for each region eysd in the 2010
survey are given for a range of recruitment ages (B y) in Table 17. For age-at-full recruitmeifit
6 years, mortality estimates were highest in CookitS(Z = 0.50), followed by D’Urville random
sites £ = 0.49), D'Urville fixed sites4 = 0.48), Pelorus Sound random sites excluding M&ud
0.48), Pelorus Sound random sites including Male 0.39), Pelorus Sound fixed sites% 0.35),
and Queen Charlotte Sourid=£ 0.30).

Management area

Total mortality estimatesZj and 95% confidence intervals for each managemaeat surveyed in the

2010 survey are given for a range of recruitmerdgsath to 10 y) in Table 18. For age-at-full
recruitment of 6 years, mortality estimates weghbst in the fishedz(= 0.47), followed by outside

(Z = 0.46), closed-fished&(= 0.35), and closed area= 0.31).

3.1.10 Spawner-per-recruit analyses (SPR)

Region

The SPR curve is based on the relationship bet®e8RR and fishing mortality (Figure 31). The
curve for the Marlborough Sounds 2010 survey igtetbfor M = 0.14 (default value), and the
relationship betweeR and %SPR for Queen Charlotte Sound in 2010 is shawthe curve as an
example (Figure 31). Mortality parameters used, #ma resultingFyspr vValues (where age-at-
recruitment is 6 y), are shown in Table 19 forratjions. Based on the defaMtof 0.14, estimated
fishing mortalities F) and Fyspr Values in order from highest to lowest F valuesewdrom Cook
Strait random sites (0.36243:), D’'Urville random sites (0.35, 2749, D’Urville fixed sites (0.34,
F.s.109, Pelorus random sites excluding Maud (0.34.:4, Pelorus random sites including Maud
(0.25, kgse, Pelorus fixed sites (0.21zd509, and Queen Charlotte Sound fixed sites (0.18104
This indicates that at the 2010 levels of fishingrtality the expected contribution to the spawning
biomass over the lifetime of an average recruit thesn reduced to between 22% and 38% of the
contribution in the absence of fishing.

Management area

Similarly, for management area in 2010, mortalifygmeters used and resultifgspr values where
age-at-recruitment is 6 y, are shown in Table 28sd8l on the default M of 0.14, estimated fishing
mortalities ) andFysprVvalues ordered from of highest to lowest F valvese fished (0.33, %609,
outside (0.32, f2.14), closed-fished (0.21,3k9) and closed (0.17,3k+9. This indicates that at the
2010 levels of fishing mortality the expected cimittion to the spawning biomass over the lifetithe o
an average recruit has been reduced to betweent@43%% of the contribution in the absence of
fishing.
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3.2 Cook Strait blue cod potting survey

The complete results of the 2008 Cook Strait blad potting survey are shown in Appendix 4.
Twenty-two fixed sites were successfully surveyrdhiree strata between 9 and 15 September 2008.
At each site, 9 pots were set, using directed [amgment, resulting in 198 pots overall. A totaBéfl

kg (683 fish) of blue cod was taken. Mean catch veds 1.5 kg.p&twith a c.v. of 15%. Sex ratio was
dominated by males (7.4:1 M:F). The scaled lengiti age frequency distributions for males and
females were unimodal with mean ages for maledemdles of 7.8 and 5.8 y. The proportion of blue
cod over the minimum legal size (30 cm and over} W&%. The mortality estimat&)(was 0.39
where age at full recruitment was 6 years, andctireesponding SPR {fpp estimate was 28%
using an M of 0.14 (Appendix 4).

3.3 Historical surveys

For the historical Marlborough Sounds surveys (19996, 2001, 2004, 2007, and 2008), catch rates
are plotted by management area in Figure 32. Gatels, catch-at-age, Z estimates, and SPR analyses
by region and management area are provided foR@0&, 2004, and 2007 surveys in Appendices A
to D as reference material, and 2008 in Appendi&phart from 2008, no description of these outputs
is provided in this results section. The resules however, considered below in the discussiori@ect
under time series trends. The estimates of catels,raatch-at-age, and Z presented in this refaoe h

all been carried out in accordance with the pottagey manual (Beentjes & Francis 2011). This has
implications for catch rate c.v. estimation whidianged from pot based to set based, although catch
rates have remained pot based. Previously, totatality was estimated using methods that differ
slightly from that described in the manual. Finahystorical surveys were reanalysed using the same
input parameters and software for all surveys nwakih results directly comparable. Hence, these
results should be used in preference to those émhay are presented) in the standalone reports for
these surveys.

3.4 Drift underwater video

Three replicate video transects were undertakeBOasites directly prior to sampling with nine
replicate pots (Table 21, Figure 33). A total ofve@eo transects and 180 pots were deployed at the
20 concurrently surveyed sites. The drift videoveyed 64 km of transects with an average transect
width of 4.0 m (s.e. 3.5 m) covering a total aré2%8 464 M. Within the area swept by the video
method, 483 general habitat breaks were identdiedl 2003 fish-independent habitat quadrats were
recorded within them. The video observed 861 blod and their associated fish based habitat
quadrats, while the concurrent pots caught 936 txhae(Table 21).

3.4.1 Species caught and observed

A total catch of 963 individuals was taken by patgoncurrently DUV surveyed sites, 97% of which
were blue cod (Table 22). Bycatch from potting uaield 5 fish and 1 octopus species, these (ordered
by numbers) were leatherjackd®afika scabe), carpet sharkGephaloscyllium isabellum spotty
(Notolabrus celidotus octopus Qctopus cordiformis red mullet Upeneichtys lineatysand tarakihi
(Nemadactylus macropteruéTable 22). By comparison, a total of 5033 indiwdls were observed in
video transects, 76% of which were spottidetblabrus celidotysand 17% were blue cod (Table
23). Nineteen other fish and one unidentified sepgdcies were observed in the video transects, the
five most common of which were butterfly perciCagsioperca lepidopteja jack mackerel
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(Trachurus spp), shapper Pagrus auratus sweep $corpis lineolatus and scarlet wrasse
(Pseudolabrus milgqTable 23).

3.4.2 Length frequency comparisons

The length frequency distributions from blue codnpled concurrently by DUV and potting are
shown in Figure 34. For the video method, the leriggquency distribution is presented both for all
blue cod, and for fish observed head-on to the camecluded, so as to improve precision. The video
method sampled considerably more blue cod beloen2%,=294.0, P<0.001), but, while the sample
size was low, also sampled more blue cod over 4@gm.7, P=0.029), than were caught by pots
(Figure 34). In contrast, pots caught proportionaibre blue cod from 29-40 cm than were observed
in the area sample by the drift video method (Fegi4).

3.4.3 Comparison of catch rates and counts

Blue cod densities (all fish) estimated by the awapt drift video method were standardised to the
mean number per 500%rtfor comparison) and plotted against the mearcptith per site for all blue
cod and for legal sized blue cod (at least 30 drgufe 35). The variance was often high for both
methods. The observed density of blue cod fromovajgpeared to have little relationship with the pot
catches at each site, with the relationship eshegiaor for recruited blue cod (Figure 35). Moges
had low observed video densities and high pot cattds (e.g., sites 14 (MAUD) A-C, 5 (OPEL) C-J,
6 (DURE) F and M, and 7 (IPEL) D and G), while sohaal high video densities observed and low
pot catch rates (e.g., 14 D). There were genefalyrecruited blue cod observed in video transatts
any site outside of stratum DURE (Figure 35).

A correlation between the average density of bloé abserved per 100%mand the equivalent site

catch rate was only 0.27 for all and -0.19 for wited blue cod (Figure 36). To provide better
discrimination at the low end of the data, a ndtlog transformation is plotted in Figure 37 with
subsequent correlation coefficients of 0.20 fobhlle cod and -0.16 for recruited blue cod . Howgve
when correlations are done by stratum, all are fleas 0.28 except for stratum DURE (0.71 for all
blue cod) and stratum IPEL (0.86 for all blue cod).

3.4.4 Benthic habitat descriptions and utilisation

The percentage of DUV observations associated e@dtth primary substrate is shown for fish-based
(blue cod by size class) and independent habits¢rebtions in Figure 38. There were 16 primary
substrate categories and 12 categories of secorddniyat structure recorded in the DUV survey
(Figures 38 and 39). The most common primary satestrecorded at independent sequential video
habitat quadrat observations were jagged bedrault/sad shell grit/sand, whereas blue cod were
observed proportionally more on jagged bedrock/sdedl hash and jagged bedrock/sand (Figure
38). The most common secondary habitat structueesrded at independent observations were
nothing (i.e., no structure), algal turf and maalgae, whereas blue cod were observed proportionall
more frequently on tube worms, sponge, and magaealFigure 39).

The DUV data were further examined using the raifofish-based and independent habitat
observations to determine whether blue cod wereenommmonly observed in association with
certain features of the benthic environment. Thestremmmon primary substrate that fish were
observed in association with for all size classesrewjagged bedrock/sand and jagged
bedrock/sand/shell hash (Figure 38), but it wagygdgbedrock/sand/shell hash that was more
frequently occupied by all size classes of blue ¢{eidure 38), mainly because this category of
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primary substrate was relatively uncommon in indelemt habitat observations. Smaller blue cod
more frequently occupied patch reef/sand/shell lraghboulders/cobbles and, larger blue cod more
frequently occupied shell grit/mud (Figure 38). dontrast, blue cod of all sizes were seldom
associated with sand and cobbles (Figure 38).

Blue cod were most commonly observed with secontabyjtat structures such as macro algae and
sponge, and to a lesser extent with algal turf bak substrate (i.e., ho secondary structure). In

comparison random habitat observations were pretsmtly bare substrate absent of secondary

habitat structure (Figure 39). Using the ratioishfbased and independent habitat observations blue
cod were more frequently observed in associatidh wiacro algae, shell, sponge, and particularly

tube worms (Figure 39). In contrast, blue cod ofsi#e classes were observed less frequently in

association with patch reef; rubble patches, $tadh and no structure (Figure 39).

Topographic complexity was recorded as one of tmiegories (flat to heavily undulating) and blue
cod were most common observed in the moderatelulatidg category (Figure 40). In contrast, most
random habitat observations were in the lowestgoaie of topographic complexity (Figure 40).
Using the ratio of fish-based and random habitaseolations, both heavily and moderately
undulating habitats were more frequently occupigdloe cod of all size classes in relation to their
occurrence in random habitat observations, whie dind slightly undulating habitats were seldom
utilised by all size classes of blue cod (Figurg 40

While the relief was generally flat throughout tharlborough Sounds, rugosity decreased as the
survey moved into the inner Sounds (Figure 41).cdmtrast, blue cod were most common in
moderately undulating habitats, except in the gtnatvith the least complex habitat (IPEL) where
blue cod were more common in heavily undulatingitaéd (Figure 41). The ratio of fish and
independent habitat observations showed that heamil moderately undulating habitats were more
commonly occupied by blue cod in all strata, buattm IPEL heavily undulating habitats were
extensively occupied by blue cod (Figure 41).

4. DISCUSSION
4.1 2010 Marlborough Sounds potting survey

The 2010 Marlborough Sounds blue cod potting suisdiie sixth in the time series which began in
1995 (excluding the 2008 Cook Strait survey). Th&@survey is the first of these to incorporate an
experimental design to compare the effects of sipe (fixed and random) on catch rates and
population structure, as all previous surveys haedufixed sites. This survey is also the first to
employ underwater video to estimate blue cod abureland size structure. It is also unique in that i
was carried out two years after the inner sounde wiesed to fishing (closed area) and the takea fro
the outer sounds was restricted to only three gishperson per day (fished area). Hence, the gesult
of the 2010 survey can be compared to surveys eédifier closure to assess the effect of the closure o
the blue cod population.

The 2010 survey was analysed by region and manageanea. The management areas (closed,
fished, closed-fished and outside) are new andnaligth recent management interventions so
analyses by management area for the historic ssimweyepost hoc

In the discussion below, we deal initially with thesults from the 2010 survey by region and
management area, and then look at time seriesstriendatch rates, population structure, and stock
status. Finally, we look at the effect of the 2@0&ure on these population characteristics.
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41.1 Catch rates

Region (fixed sites)

Overall the highest catch rates of all blue codrnfifixed sites by region was from DUR, followed by
PEL, and QCH, although there is considerable viariadmong strata within a region. The order was
the same for the catch rates of recruited fish,JlUR and PEL were much closer (see Figures 1 and
3, Tables 4 and 5). Extremely low catch rates awad in stratum 13 in Cook Strait and stratum 1 in
QCH, and high catch rates in stratum 9 at DUR.

Region (fixed and random sites)

The catch rates for all blue cod in DUR randomssitere more than twice that in fixed sites from
stratum 6 (DURE), and about three times as largeeftruited blue cod (Figure 3, Tables 4 and 8§) . |
PEL the results were generally opposite, with higtagch rates in fixed sites than random sitesfor
blue and recruited blue cod in strata 4 and 5. Hewecatch rates were higher in the random sites in
stratum 8 around Maud Island, the no-take area.ifipdication is that the Maud random sites may
show slightly increased catch rates compared teetht in the no-take area. However, the entire
inner sounds was a no-take area for two years éd¢far survey, so this might explain why there are
no significant differences between catch rates Msurd and those away from Maud. In south Otago
the catch rates from random sites were about halfe from fixed sites (Beentjes & Carbines 2011).
The impact of fixed versus random sites on cattbsrin Marlborough Sound will require further
experimental survey work before any change tolg fahdom site survey can occur.

Management area (fixed sites)

Catch rates by management area are estimated aisiafjernative grouping of the strata (see Figure
4, Tables 6 and 7) and are highly variable amoergsrbut follow the same pattern for both all blue
cod and recruited blue cod. For example, catctsratall blue cod range from 0.6 to 3.9 kgbit

the closed area and 0.1 to 5.6 kg'patthe outside area. Overall, however, catch rates| blue cod
were similar in the closed and fished areas (2gipdt* and 2.43 kg.pdt respectively), and highest
in the outside area (3.40 kg.pptsee Table 6).

4.1.2 Sex and sex ratio

Sex ratios for all regions, site types, and managgrareas were male-dominated (Table 15) ranging
from about 2:1 to 7:1 (M:F). Blue cod are protogyschermaphrodites with some (but not all)
females changing into males as they grow (Carb2®glb). The finding that males were larger on
average than females (Table 15) and that the lafigaswere males is consistent with sex structare
protogynous hermaphrodites. However, the skewedat@s are contrary to an expected dominance
of females resulting from selective removal of theger terminal sex fish (males). Beentjes &
Carbines (2005) suggested that the shift towardiglaer proportion of males in heavily fished blue
cod populations may be caused by removal of thaiplesinhibitory effect of large males, and a
consequent higher rate (and possibly earlier omdetgx change by primary females. This hypothesis
is supported by the predominance of males in moattSisland blue cod fisheries that are known to
be heavily fished, in particular Motunau, inshoranBs Peninsula, and the surveys before 2010 in
Marlborough Sounds (Blackwell 1997, 1998, 2002,rBjes & Carbines 2003, 2006, Blackwell 2006,
Carbines & Beentjes 2006a, Blackwell 2008, Beerg&j&arbines 2009, Carbines & Beentjes 2009).
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4.1.3 Population length and age structure

Region (fixed sites)

The results of the region based catch-at-age @ fsites show that blue cod are clearly larger and
older in Queen Charlotte Sound and Pelorus Souad ith the outer regions of D’Urville and Cook
Strait, with the latter having the smallest andngest fish (see Figure 23).

Region (fixed and random sites)

Comparisons of the 2010 fixed site and random citeh-at-age shows no discernible difference in
the D’'Urville region, indicating that survey sitgpe does not affect the population structure (see
Figure 24). However, blue cod caught from randotassin Pelorus Sound are slightly smaller and
younger than those from fixed sites and with ordyyvminor difference in length and age structure
between random sites that include those around N&add and those where they are excluded, i.e.,
there is some indications that larger males resatednd Maud Island in 2010 (see Figure 25). Off
south Otago, site type had a significant influeocdhe length and age structure (Beentjes & Casbine
2011), but in Marlborough Sound this does not appehe the case. One explanation for this may be
that in Marlborough Sounds both random sites axetifisites are, because of the methodology used,
selected from coastline that is likely to contalnebcod habitat, whereas the south Otago strata are
polygons and fixed site hotspots can have vasffergint habitat than a random site within the same
stratum.

Management area (fixed sites)

Results of the 2010 catch-at-age at fixed sitesmlapagement area, show that male blue cod are
clearly larger and older in the closed, compareth&fished and outside areas (see Figure 30). For
females, the difference is negligible, althoughréhare higher proportions of larger and older fa®al

in the closed area compared to the other areas.

4.1.4 Stock status ( Z and SPR)

The MPIHarvest Strategy Standafiinistry of Fisheries 2008) specifies that a EighPlan should
include a fishery target reference point, and thsy be expressed in terms of biomass or fishing
mortality. The more appropriate target referenctpfor blue cod igFysy, which is the amount of
fishing mortality that results in the maximum susadble yield. The recommended proxy fqysk is

the level of spawner-per-recruitqfpr (Ministry of Fisheries 2008). Based on this and
recommendations from the Southern Inshore Workinguf3, blue cod is categorised as an exploited
species with medium productivity and the recommendefault proxy for fsy is Fie We know,
however, that the inner sounds are not closed mgstnd it seems likely that there has been some
movement of blue cod between the inner and outamds This may have changed the population age
structure and the corresponding Z and SPR estimbteaddition, there have been a number of
management changes in this area which will havegdt the fishing mortality in the area over the
lifetime of the fish in the sampled population. iEsttes of total mortality are based on the assumpti
that recruitment and mortality are constant over lifetime of the fish, which may not be the case
within each region or within each management akealyses of Z and SPR were nevertheless carried
out by region and management area and we discessmnblications of the results below with the
understanding that these may be non-informatis®ine cases.

Region

The 2010 survey mortality estimateg) (with age-at-full recruitment set at 6 years, bneer for
Pelorus Sound and Queen Charlotte Sound than fok Strait and D’Urville, a reflection of the age
structure derived from fixed sites in these regiams2010 (Table 15). The corresponding SPR
estimates using the default M value of 0.14 indidahat the expected contribution to the spawning
biomass over the lifetime of an average recruiQireen Charlotte Sound and Pelorus Sound regions
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has been reduced to 38% and 32%, respectivelyhefcontribution in the absence of fishing.
Similarly, for the Cook Strait and D’Urville regisnthe SPR values were 22% and 23%, respectively
(Table 15), and are less than thgtarget reference point ofif. In contrast, for the Pelorus and
Queen Charlotte Sounds, the level of exploitatinldse to the target reference point of 40%. These
results are consistent with the population recaoxgsfter closures of the inner Marlborough Sounds
in 2008, where there has been no subsequent fishimtality.

Management area

The expected contribution to the spawning biomass t¢he lifetime of an average recruit in the
closed area is 37% compared to 24% in both theedisind outside areas (Table 15). Again these
results are consistent with the population recoxgsfter closures of the inner Marlborough Sounds
in 2008. Indeed, within the closed area the SPR764 is close to theysy target reference point of

F40%-

4.2 Time series of catch rates

The catch rates from the 1995 to 2007 surveystaws by region and management area in Appendix
A and are plotted by management area, including 2i&tch rates, in Figure 32. From a fisheries
management perspective we confine our discussithetoesults by management area (Figure 32), but
as mentioned, these management areas did notvexést the historic surveys (1995 to 2007) were
carried out and hence the analyses by managenmemiagpost hoc From 2001 to 2007, catch rates
of all blue cod in the closed area were betweeniaBcb and 0.8 kg.pdt but they increased more
than three-fold in 2010 to 2.48 kg.poCatch rates from 1995 and 1996 were not reardlysee, but

the reports of these surveys indicate that catédsrin the closed area were about 1.8 kdg.pot
(Blackwell 1997, 1998). We recommend caution inegting the 1995 and 1996 published catch rates
because the 1995 survey catch rates differ to thossented in the 1996 report and for consistency
these should be estimated using the manual stamdardontrast, in the fished area, catch ratesl of
blue cod have declined gradually from 2001 to 2(BL.84 kg.pot to 2.43 kg.pat), although there is

no similar trend for recruited blue cod. For th®3.%nd 1996 surveys the catch rate averaged about 4
kg.pot’, but the strata surveyed were not the same in ga@h The outside area shows no trend in
either all blue cod or recruited blue cod catclesabut data are available from only three surveys
(2007, 2008 and 2010).

In summary, it appears that catch rates in theediogrea that corresponds to the inner sounds,
declined from the mid 1990s to 2001, where theyewew and stable until 2010 when they increased
dramatically. The fished area showed a graduaireoh all blue cod, and the outside area showed no
trends in catch rates over time.

4.3 Time series of catch at age

For the 2001, 2004, and 2007 surveys of the Maoliogin Soundsposthoc analyses of catch-at-age
by management area clearly show that male and ébiaé cod were larger and older in the fished,
compared to the closed management area (AppenBiLed9, and B14). The 2004 and 2007 surveys
also include catch-at-age from the outside managearea; for 2007 this includes Cook Strait (2008
survey) and west of D’Urville Island (Appendix B14nd for 2004 only the latter (B9). In both 2004
and 2007 surveys, blue cod in the outside area Veeger and older than those in the fished and
closed areas.

Temporal trends in catch-at-age within each offthie management areas is described below.
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Closed area—There was significant change in population sim @ge structure within the closed area
between the historical surveys (2001, 2004, and’r@dd the 2010 survey, with blue cod of both
sexes considerably larger and older in 2010 (Appe@d). The 2010 survey was carried out two
years after the closure of the inner Sounds andntheked changes in population size and age
structure appear to be a result of the fishingibdhese areas since October 2008.

Fished area— The temporal changes are less straightforwarthénfished area (Appendix C2). In
2010, blue cod are clearly larger and older tha20@l and 2004, but the length distributions in7200
and 2010 are virtually identical, despite therengahany more young fish in 2007 than in any other
year. This indicates that either growth was faste2007 and/or in the preceding years, or this
anomaly is a result of ageing error (Appendix Odje reduced daily limit of just three fish from the
fished area may have contributed to larger sizeaggdthan previous surveys, although the data from
2007 is not consistent with this finding.

Closed-Fished area— The results for this area are a composite ofctbsed and fished areas. For
both sexes, but especially males, there is a diff@rence between 2010 and all surveys beford) wit
larger and older fish present in 2010 (Appendix.C3)

Outside area— There are three surveys that included strateesponding to the outside area: 2004,

2007 and 2010. For both sexes the length distabsitare similar between years but the age streictur
in 2004 and 2010 has many more older fish tharDBvZAppendix C4). Again, this may be related to

either growth differences or to ageing error. Thieas®e been no changes in the fishing regulations
that apply to the outside area between these ssiam@y they are open access.

4.4 Time series of Z and SPR

The temporal trends in catch-at-age from 2001 tinao 2010 by management area (Appendices B4,
B9, B14) show clearly that before 2010, blue camrfrthe fished area were consistently larger and
older than in those in the closed area. In contias2010 blue cod in the closed area are on agerag
larger and older than those in the fished areau(Ei0). The fished area age structure has not
changed to any degree over time and the changeeisuit of an increase in average size and age of
blue cod in the closed area since its closure. Atingly, the Z and SPR estimates reflect this ckang
For example, the Z estimate and SPR for the clased in 2001 was 0.50 and 18% (Appendices
D12-D14), compared to 0.31 and 37% in 2010 (Tab)e 1

45 Effect of the 2008 closure

The closure of the inner Sounds to all fishing kst 1 October 2008 and December 2010 when the
survey was carried out has clearly had a draméfeécteon the population size and age structure, and
abundance inside the closed area. For the firg simce 2001, and presumably for many years before
this, blue cod are larger and more abundant witheinner, than the outer, Marlborough Sounds,
suggesting that the management initiative has baeoessful in restoring a more natural population
structure to the inner sounds. However, we do ti@ethere is likely to have been movement of blue
cod from the outer to the inner sounds which hagritiuted to the improved size and age structure
and that the change is not necessarily strictigteel to growth of individual fish resident withimese
areas.

28 « Marlborough Sounds blue cod 2010 Ministry for Primary Industries



4.6 Drift underwater video (DUV)
4.6.1 Comparisons between pot catch and DUV observa  tion

For each blue cod potting survey, fishing geart typie and soak time are standardised (see Beentjes
& Francis 2011), but other factors such as fishabedur and environmental features can influence
catchability and size selectivity in passive captorethods such as potting (Furevik 1994, Fogarty &
Addison 1997, Robichaud et al. 2000). Cole et200(Q) found blue cod catch rates unrelated to both
time and tide in the Marlborough Sounds. Howevdremvcompared to diver transects, pots tended to
under-sample small blue cod, being selective & tiver 15 cm (Cole et al. 2001, Cole et al. 2003).
While there was a positive relationship betweer ldod catch from pots (pot plan 1 from Beentjes &
Francis 2011) and diver transects, it was weaknanch of the variation remained unexplained (Cole
et al. 2001).

In the 2010 Marlborough Sounds potting survey wedusoncurrent observations of blue cod
abundance and habitat descriptions from the DUVhoeetto investigate the relationship between
count and size estimates of blue cod over a knawa with catch rates and sizes of blue cod caught
in survey pots (pot plan 1 in Beentjes & Franci$ D0

Does potting provide an index of fish community str ucture?

The DUV method observed about twice as many spesidbe pots caught in the 2010 Marlborough
Sounds survey (Tables 22 and 23). Pots clearlyctsélenthic carnivores and do not fully reflect
community structure.

Does potting provide a representative size structur e of blue cod populations?

Pots caught proportionately far more blue cod fr28nto 40 cm, and dramatically under sampled
smaller blue cod compared to the DUV method (Figgde While few blue cod were observed or
caught over 40 cm (18 observed and 11 caught at) tatignificantly §,=4.7, P=0.029) more of these

large fish were observed using the DUV than werggbtiin pots (Figure 34). This is more clearly
illustrated by plotting the proportions of fish 2 and over (Figure 42).

The pots used in the Marlborough Sounds blue cogegs (pot plan 1 from Beentjes & Francis 2011)
demonstrated considerably more size selectivity thlaserved for pot plan 2 used in all other areas
(Carbines & Beentjes 2012). As the pots are noigded to catch very small fish, it is clear that th
results of potting surveys in the Marlborough Saude most effective for assessing trends for
recruited blue cod (at least 30 cm) and that theulte for these surveys should be interpreted
accordingly. There is also potential size selettiof pot plan 1 that may under-represent fish a\er
cm (Figure 42) and this should be investigatechfrt

Pots used in the Marlborough Sounds (pot pland édferent to those used in other survey areas (po
plan 2, Beentjes & Francis 2011). Most notablysgmsed on plan 1 are not completely covered in a
fine mesh (only the bottom is covered) and havarger spacing between the bars of the entrance
cones (necks) which would explain why small fish aot well retained in these pots. Pots based on
plan 1 also have much smaller entrances and nkakspian 2 pots (which are based on a commercial
BCO 5 design) and it is possible that these snmdtbaces reduce the catchability of larger blue cod
To help resolve this we recommend that a futurdysttompares the length frequency distributions
from both pot types used concurrently in an argh albundant large fish.

Does potting provide an index of blue cod relative abundance?

The results of this study showed a very poor refethip between observed blue cod densities from
video and pot catch rates; considerably worse thanrelationship observed by Cole et al (2001)

using SCUBA counts and pot catches (pot plan Blwé cod in the Marlborough Sounds. However,
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considerably better correlation coefficients wetesarved between densities from DUV and pot
catches (pot plan 2) of blue cod in Foveaux S{f2éirbines & Beentjes 2012).

In the Marlborough Sounds there were instancedghf tiensities observed on video with concurrent
low pot catch rates. This did not occur in Fove&trait (Carbines & Beentjes 2012). However, in
both the Marlborough Sounds and Foveaux Straitetivegre several sites where fish were caught
when few were observed on video (Figure 35). Whiils possible that large blue cod were able to
avoid detection in the video method, this seemskeilyl as the video recorded proportionally more
blue cod over 40 cm (Figure 42), and because laoher cod are easier to detect by the video
observer than are the more cryptic smaller fislyyfé 35). It therefore seems more likely that blue
cod populations are either highly clumped withie 8urvey area and missed by the video method’s
relatively narrow swath, or that pots are attragtirue cod in from a distance greater than the area
surveyed by video. It is also clear that the relahip between pot catch and video count (i.e.,
catchability) is highly variable among locationdeBe effects are currently under investigation and
will be reported elsewhere in the near future.

4.6.2 Importance of recording habitat for blue cod potting surveys

Using the ratios between benthic habitat categaiserved adjacent to blue cod and those observed
independently throughout the survey area it wasiptesto identify four primary substrate types and
four secondary habitat structures that appear topdicularly important to blue cod in the
Marlborough Sounds (Figures 38 and 39). Blue codewnore frequently observed in association
with jagged bedrock/sand/shell hash and the secpidditat structure tube worms (Figures 38 and
39), while blue cod were more frequently abseninfrareas of homogenous sand (all variations of)
and areas without any secondary habitat struckigeifes 38 and 39). These results were mirrored by
measures of topographic complexity (Figure 40) dmghlighted the increasing importance of
complex heterogeneous habitats in more homogoreas such as IPEL (Figure 41).

In the Marlborough Sounds most of the benthic laahi flat soft sediment devoid of structure, and
there is only a narrow shallow band of heterogemseptimary substrate utilised by blue cod.
Furthermore, secondary habitat structures impottaittiue cod, such as macro algae, sponges, and
tube worms are fragile biogenic structures that eaeily damaged both by physical impact and
sedimentation (e.g., Lotze et al. 2006, Airoldi &d& 2007) and require heterogeneous primary
substrate (i.e., primary substrate and secondabjtatafeatures are inter-related). The results
presented here suggest that any form of homogéemisat other physical damage to these benthic
environments in the Marlborough Sounds would beimental to blue cod populations.

Data on fish size and abundance from drift vided iarsitu habitat data increases our understanding
of the physical factors driving blue cod distrilmuti It identifies benthic habitats and structurés o
particular importance (i.e., possible essentidh fimbitats) and allows the for the development of
habitat maps which will be particularly importamt ferms of stratifying future surveys for more
accurate scaling of relative abundance estimatiepli®nson et al. 2009). This also provides habitat
information for assessing changes to the physic&irenment in the Marlborough Sounds and
assessing other management approaches such agiprotd critical habitat structures and zoning of
activities.
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Table 1: Marlborough Sounds 2010 potting survey effit and catch summary by site type. QCH, Queen
Charlotte Sound; PEL, Pelorus Sound; DUR, D’Urville CKST, Cook Strait; IQCH, inner QCH; OQCH,
outer QCH; EQCH, extreme outer QCH;. IPEL, inner PEL; MPEL, mid PEL; OPEL, outer PEL; EOPE,
extreme outer PEL; DURW, D’Urville west; DURE, D’Urville east; APAE, Arapawa Island east; UNDW,
Port Underwood, COOK, Cook Strait. *, includes three sites around Maud Island; **, includes one siteta
Maud Island.

Region

QCH
QCH
QCH
PEL
PEL
DUR
PEL
PEL
DUR

Totals

PEL
PEL
DUR
PEL
CKST
CKST
CKST

Totals

Grand
total

Stratum

O© oo ~NOOODdWNPE

Stratum
code

IQCH
OQCH
EQCH
EOPE
OPEL
DURE
IPEL
MPEL
DURW

EOPE
OPEL
DURE
MPEL
APAE
COOK
UNDW

Area
(km

coastline)

43.2
176.6
83.1
69.5
94.8
105.1
100.1
72.3
96.2

69.5
94.8
105.1
72.3
21.6
30
34

Site N sets N pots
type (sites) (stations)

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Random
*Random
Random
*Random
Random
Random
Random

45
45
63
36
36
54
27
45
90

441

g wo bbb No1u

»op
© o

36
45
54
27
36
54
54

34 306

w o o b

oo b

83 747

No.
blue
cod

52
214
240
276
255
293
113
136

1054

2633

206
188
548
100
124
217

20

1403

4 036

Depth (m)
Caich Mean min max
(kg)
26.9 111 6.4 20.3
115.1 12.3 6.4 289
118 109 29 293
127 146 6.4 29.3
139.1 11.2 55 165
116 134 46 36.6
67.1 104 6.2 21.0
72.1 94 42 174
508 184 7.3 33.8
1289
88.6 85 31 220
90.5 124 3.8 20.7
256.4 16.7 55 421
57.1 135 4.0 21.0
58.2 151 6.0 23.8
93.7 16.1 6.0 28.9
5.8 11.7 55 20.3
650.3
1940
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Table 2: Location of blue cod potting survey strata(in surveys from 2001 to 2010) with respect to
Marlborough Sounds management areas that were in gte since 1 October 2008. The site type used on the
surveys is also shown (see Appendix 1 for terminaly). Closed = no-take area, fished = whole landedea,
outside = all strata outside of fished or closedraas. See Figure 2 for management areas.

Survey (trip_code) Management area Strata Site type

2001 (Ihr0101) Closed 1,2,5,7,and 8 Fixed
Fished 3,4, and 6 Fixed
Closed-fished 1to 8 Fixed
Outside none

2004 (Ihr0401) Closed 1,2,5,7,and 8 Fixed
Fished 3,4, and 6 Fixed
Closed-fished 1to 8 Fixed
Outside 9 and 10 Fixed

2007 (Ihr0701) Closed 1,2,5,7,and 8 Fixed
Fished 3,4, and 6 Fixed
Closed-fished 1to 8 Fixed
Outside 9 and 10 Fixed

2008 (jug0801) Outside 11to 13 Fixed

2010 (Ihr1001) Closed 1,2,5,7,and 8 Fixed
Fished 3,4, and 6 Fixed
Closed-fished 1to 8 Fixed
Outside 9 Fixed
Outside 11to 13 Random

Table 3: Total numbers of blue cod and bycatch spéxs caught on the 2010 Marlborough Sounds potting
survey.

Common Species Species N %
name code

Blue cod Parapercis colias BCO 4 036 93.08
Triplefin Forsterygion varium/Grahamina capito TRP 63 1.45
Scarlet wrasse Pseudolabrus miles SPF 57 1.31
Leatherjacket Parika scaber LEA 47 1.08
Banded wrasse Notolabrus fucicola BPF 44 1.01
Tarakihi Nemadactylus macropterus TAR 25 0.58
Spotty Notolabrus celidotus STY 21 0.48
Octopus OCT 14 0.32
Carpet shark Cephaloscyllium isabellum CAR 10 0.23
Sea perch Helicolenus percoides SPE 10 0.23
Conger eel Conger verreauxi CON 4 0.09
Goatfish Upeneichthys lineatus RMU 3 0.07
Marblefish Aplodactylus arctidens GTR 1 0.02
Hagfish Eptatretus cirrhatus HAG 1 0.02
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Table 4: Mean blue cod catch rates for all blue codaught from the 2010 Marlborough Sounds potting
survey by region. Catch rates are pot-based, andes.and c.v. are set-based. s.e., standard error;vc
coefficient of variation; QCH, Queen Charlotte Sounl; PEL, Pelorus Sound; DUR, D’Urville; CKST,

Cook Strait. Random site catch rates in Pelorus arehown for sites including and excluding those arad

Maud Island.

Catch rate
Region Stratum Site type Pot lifts (N) (kg.pot?) s.e. cWV. (%)
QCH 1 Fixed 45 0.60 0.31 51.4
2 Fixed 45 2.56 0.63 245
3 Fixed 63 1.87 0.21 11.3
Overall Fixed 153 2.09 0.37 17.8
PEL 4 Fixed 36 3.53 0.49 14.0
5 Fixed 36 3.86 0.27 6.9
7 Fixed 27 2.49 1.08 43.5
8 Fixed 45 1.60 0.54 33.6
Overall Fixed 144 2.90 0.36 12.6
PEL 4 Random 36 2.46 1.03 41.8
5 Random (incl. Maud) 45 2.01 0.37 18.3
8 Random (incl. Maud) 27 2.11 0.80 38.0
Overall Random 108 2.17 0.42 19.1
PEL 4 Random 36 2.46 1.03 41.8
5 Random (excl. Maud) 36 1.93 0.46 24.0
8 Random (excl. Maud) 0 - - -
Overall Random 72 2.16 0.51 23.7
DUR 6 Fixed 54 2.15 0.24 11.2
9 Fixed 90 5.64 0.55 9.8
Overall Fixed 144 3.82 0.29 7.7
DUR 6 Random 54 4.75 0.82 17.3
CKST 11 Random 36 1.62 0.73 45.1
12 Random 54 1.74 0.42 24.0
13 Random 54 0.11 0.09 88.2
Overall Random 144 1.06 0.24 22.5
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Table 5: Mean blue cod catch rates for recruited hle cod (30 cm and over) caught during the 2010
Marlborough Sounds potting survey, by region. Catclrates are pot-based, and s.e. and c.v. are set-bds
s.e., standard error; c.v. coefficient of variation QCH, Queen Charlotte Sound; PEL, Pelorus Sound;
DUR, D’Urville; CKST, Cook Strait. Random site catch rates in Pelorus are shown for sites including ah
excluding those around Maud Island.

Region Stratum

QCH 1

Overall

PEL

o0 N oA~

Overall

PEL

O ®u »

verall

PEL 4

DUR 6
Overall
DUR 6

CKST 11

12
13
Overall

Catch rate
Site type Pot lifts (N) (kg.pot?) s.e. cV. (%)
Fixed 45 0.48 0.25 51.7
Fixed 45 2.18 0.54 24.9
Fixed 63 1.49 0.20 13.5
Fixed 153 1.75 0.32 18.5
Fixed 36 2.81 0.36 12.9
Fixed 36 3.55 0.26 7.2
Fixed 27 2.24 0.97 43.4
Fixed 45 1.38 0.42 30.3
Fixed 144 2.54 0.32 12.6
Random 36 1.93 0.80 41.4
Random (incl. Maud) 45 1.68 0.33 19.6
Random (incl. Maud) 27 1.94 0.74 38.1
Random 108 1.83 0.35 19.2
Random 36 1.93 0.80 41.4
Random (excl. Maud) 36 1.56 0.40 25.3
Random (excl. Maud) 0 - - -
Random 72 1.72 0.41 23.8
Fixed 54 1.36 0.23 16.7
Fixed 90 4.27 0.45 10.6
Fixed 144 2.75 0.25 8.9
Random 54 3.76 0.73 194
Random 36 1.23 0.55 44.2
Random 54 1.22 0.32 26.5
Random 54 0.03 0.02 65.7
Random 144 0.75 0.18 23.8
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Table 6: Mean blue cod catch rates for all blue codaught during the 2010 Marlborough Sounds potting
survey by management area. Catch rates are pot-bed, and s.e. and c.v. are set-based. s.e., stamtar
error; c.v. coefficient of variation.

Catch rate
Management area  Stratum Site type Pot lifts (N)  (kg.pot?) s.e. c.V. (%)
Closed 1 Fixed 45 0.60 0.31 51.4
2 Fixed 45 2.56 0.63 24.5
5 Fixed 36 3.86 0.27 6.9
7 Fixed 27 2.49 1.08 43.5
8 Fixed 45 1.60 0.54 33.6
Overall 198 2.48 0.33 13.4
Fished 3 Fixed 63 1.87 0.21 11.3
4 Fixed 36 3.53 0.49 14.0
6 Fixed 54 2.15 0.24 11.2
Overall 153 2.43 0.18 7.4
Closed-Fished 1 Fixed 45 0.60 0.31 51.4
2 Fixed 45 2.56 0.63 24.5
3 Fixed 63 1.87 0.21 11.3
4 Fixed 36 3.53 0.49 14.0
5 Fixed 36 3.86 0.27 6.9
6 Fixed 54 2.15 0.24 11.2
7 Fixed 27 2.49 1.08 43.5
8 Fixed 45 1.60 0.54 33.6
Overall 351 2.46 0.23 9.2
Outside 9 Fixed 90 5.64 0.55 9.8
11 Random 36 1.62 0.73 45.1
12 Random 54 1.74 0.42 24.0
13 Random 54 0.11 0.09 88.2
Overall 234 3.49 0.31 9.0
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Table 7: Mean blue cod catch rates for recruited hle cod (30 cm and over) caught during the 2010
Marlborough Sounds potting survey by management ar@ Catch rates are pot-based, and s.e. and c.v. are
set-based. s.e., standard error; c.v. coefficienf variation.

Catch rate
Management area  Stratum Site type Pot lifts (N)  (kg.pot?) s.e. c.V. (%)
Closed 1 Fixed 45 0.48 0.25 51.7
2 Fixed 45 2.18 0.54 24.9
5 Fixed 36 3.55 0.26 7.2
7 Fixed 27 2.24 0.97 43.4
8 Fixed 45 1.38 0.42 30.3
Overall 198 2.19 0.29 13.3
Fished 3 Fixed 63 1.49 0.20 13.5
4 Fixed 36 2.81 0.36 12.9
6 Fixed 54 1.36 0.23 16.7
Overall 153 1.79 0.15 8.3
Closed-Fished 1 Fixed 45 0.48 0.25 51.7
2 Fixed 45 2.18 0.54 24.9
3 Fixed 63 1.49 0.20 135
4 Fixed 36 2.81 0.36 12.9
5 Fixed 36 3.55 0.26 7.2
6 Fixed 54 1.36 0.23 16.7
7 Fixed 27 2.24 0.97 43.4
8 Fixed 45 1.38 0.42 30.3
Overall 351 2.05 0.20 9.6
Outside 9 Fixed 90 4.27 0.45 10.6
11 Random 36 1.23 0.55 44.2
12 Random 54 1.22 0.32 26.5
13 Random 54 0.03 0.02 65.7
Overall 234 2.61 0.25 9.7
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Table 8: Weighted mean lengths and weighted sex ratio (M:Fjor all blue cod by stratum in the 2010
Marlborough Sounds survey (Cook Strait region — ralom sites).

Length (cm)
Stratum Sex N Mean Minimum Maximurr Sex ratio M:F (% male)

11 m 112  30.6 19 40 11.3:1(91.9%
f 10 277 22 33
u 3 - 22 31
12 m 180 305 19 48 4.8:1 (82.9%)
f 37 256 14 35
u 0 - - -
13 m 9 28.8 25 33 0.82:1 (45%
f 11 236 18 28
u 0 - - -
Overall m 301 305 19 48 5.2:1 (83.9%)
f 58 25.6 14 35
u 3 - 22 31

Table 9: Weighted mean lengths and weighted sex ratio (M:Fjor all blue cod by stratum in the 2010
Marlborough Sounds survey (D’Urville region — fixedsites).

Length (cm)
Stratum Sex N Mean Minimum Maximur Sex ratio M:F (% male)

6 m 167 304 15 45 1.3:1 (56.8%)
f 126 27.7 20 36
u 0 -
9 m 709 31.8 19 48 2.1:1 (67.9%)
f 335 293 19 40
u 9 - 23 35
Overall m 876 31.3 15 48 1.8:1 (64.2%)
f 461 287 19 40
u 9 - 23 35

Table 10: Weighted mean lengths and weighted sex ratio (M:Hjor all blue cod by strata in the 2010
Marlborough Sounds survey (D’Urville region — randan sites).

Length (cm)
Stratum Sex N Mean Minimum Maximunr  Sex ratio M:F (% male)

6 m 404 315 20 44 3:1 (75.2%)
f 134 291 19 35
U 10 - 15 33
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Table 11: Weighted mean lengths and weighted sex ratio (M:Fjor all blue cod by stratum in the 2010
Marlborough Sounds survey (Pelorus Sound region -iXed sites).

Length (cm)

Stratum Sex N Mean Minimum Maximurr Sex ratio M:F (% male)

4 m 215 315 24 39 6.0:1 (85.7%)
f 36 28.6 18 33
u 25 27 35

5 m 227 33.0 17 40 8.2:1 (89.1%)
f 28 28.7 21 32
u 0

7 m 96 33.9 27 39 8.8:1 (89.8%)
f 11 28.5 24 31
u 6 24 33

8 m 107 33.1 21 43 3.7:1 (78.7%)
f 29 27.2 20 34
u 0

Overall m 645 32.8 17 43 6.8:1 (87.1%)
f 104 28.3 18 34
u 31 24 35

Table 12: Weighted mean lengths and weighted sex ratio (M:Fjor all blue cod by strata in the 2010
Marlborough Sounds survey (Pelorus Sound region -andom sites including those around Maud Island).

Length (cm)

Stratum Sex N Mean Minimum Maximurr Sex ratio M:F (% male)
4 m 156 31.2 22 41 5.8:1 (85.2%)
f 27 27.6 20 33
u 23 25 36
5 m 150 31.9 18 43 3.9:1 (79.7%)
f 38 26.9 10 35
u 0
8 m 90 33.6 20 41 9.1:1 (90.1%)
f 10 27.1 21 33
u 0
Overall m 396 32.1 18 43 5.4:1 (84.3%)
f 75 27.2 10 35
u 23 25 36
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Table 13: Weighted mean lengths and weighted sex ratio (M:Fjor all blue cod by strata in the 2010
Marlborough Sounds survey (Pelorus Sound region -andom sites excluding those around Maud Island).

Length (cm)

Stratum Sex N Mean Minimum Maximurr Sex ratio M:F (% male)
4 m 156 31.2 22 41 5.8:1 (85.2%)
f 27 27.6 20 33
u 23 26 36
5 m 110 315 18 43 3.1:1 (75.5%)
f 36 27.8 15 35
u 0
Overall m 266 31.4 18 43 4.2:1 (80.6%)
f 63 27.7 15 35
u 23 26 36

Table 14: Weighted mean lengths and weighted sex ratio (M:Fjor all blue cod by strata in the 2010
Marlborough Sounds survey (Queen Charlotte Sound igion — fixed sites).

Length (cm)
Stratum Sex N Mean Minimum Maximunmr Sex ratio M:F (% male)

1 m 35 332 22 40 2.3:1 (69.9%)
f 15 273 19 35
u 2 - 32 33

2 m 145  33.7 23 45 2.1:1 (68.1%)
f 69 29.2 20 37
u 0 - - -

3 m 157 321 24 45 4.1:1 (80.3%)
f 38 28.6 17 39
u 45 - 26 35

Overall m 337 33.2 22 45 2.4:1 (71%)
f 122  29.0 17 39
u 47 - 26 35

42 « Marlborough Sounds blue cod 2010 Ministry for Primary Industries



Table 15: Marlborough Sounds 2010 survey summary adge, length, sex ratio, proportion recruited, toth
mortality (Z), Fyspr, and catch rates (all blue cod) by region (panel)and management area (panel b). R,
random sites; F, fixed sites; incl. M, including ges around Maud Island; excl. M, excluding sites ayund
Maud Island. Estimate of Ryspr is for age at recruitment of 6 years andM = 0.14.

(@) Mean age (y) Mean length (cm)
Region
Male Female Male  Female
CSKT (R) 7.3 5.9 30.5 25.6
DUR (F) 7.6 6.9 31.3 28.7
DUR (R) 7.5 7.0 315 29.1
PEL (F) 8.4 6.8 32.8 28.3
PEL (Rincl. M.) 8.0 6.5 32.1 27.2
PEL (R excl. M) 7.5 6.6 314 27.7
QCH (F) 9.2 7.6 33.2 29.0
(b) Management area Mean age (y) Mean length (cm)
Male Female Male Female
Closed 8.9 7.3 333 28.8
Fished 7.6 6.8 31.2 28.0
Closed-fished 8.5 7.1 32.7 28.4
Outside 7.7 7.0 315 29.0

30 cm & Sex ratic

over (%) (M:F) z
50 52:1 051
58 1.8:1 0.48
68 3.1:1 049
79 6.8:1 0.35
72 54:1  0.39
67 42:1 048
72 2411 0.30

30 cm & Sex ratic

over (%) (M:F) z
77 391 031
61 2.6:1 047
72 331 035
62 24:1 046

Catch rate

(kg.pot’)

Foespr (c.v. %)
22.3 1.06 (22.5)
23.1 3.82 (7.7)
22.7 4.75 (17.3)
32.0 2.9 (12.6)
28.5 2.17 (19.1)
23.1 2.16 (23.7)
38.1 2.09 (17.8)
Catch rate

(kg.poth)

Foeser (c.v. %)
36.7 2.48 (13.4)
23.6 2.43 (7.4)
32.0 2.46 (9.2)
24.1 3.49 (9.0)

Table 16: Gonad stages of Marlborough Sounds blueod in September-October 2010 by region. 1,

immature or resting; 2, maturing (oocytes visible m females); 3, mature (hyaline oocytes in femalesjilt
expressible in males); 4, running ripe (eggs and ihifree flowing); 5, spent; CKST, Cook Strait; DUR,
D’Urville; PEL, Pelorus Sound; QCH, Queen CharlotteSound.

Region

CKST

DUR

PEL

QCH

Gonad stage %

Size status Sex 1
Pre-recruits (<30 cm)  Males 20.8
Females 36.7
Recruits (30 cm+) Males 0.3
Females 0.0
Pre-recruits (<30 cm)  Males 0.8
Females 0.0
Recruits (30 cm+) Males 0.0
Females 0.0
Pre-recruits (<30 cm)  Males 4.5
Females 6.0
Recruits (30 cm+) Males 0.0
Females 0.0
Pre-recruits (<30 cm)  Males 3.8
Females 2.8
Recruits (30 cm+) Males 0.9
Females 0.0

47.7
40.0
34.0
36.4

5.0
12.8
2.0
3.8

20.8
45.0
6.5
31.3

55.8
38.0
48.9
18.0

3 4 5
8.5 10.013.1
13.3 5.0 5.0
189 327 10.6
273 18.2 9.1
377 565 .00
71.7 8.5 6.1
395 581 0.5
73.5 9.8 6.6

51.3 23.4 0.0
45.0 1.0 3.0
60.2 333 0.0
53.7 11.9 3.0

173 23.1 0.0
49.3 9.9 0.0
278 20.7 1.8
520 26.0 0.0

130
60
231
11

379
329
887
287

154
100
706
67

52
71
227
50
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Table 17: Total mortality estimates Z) and 95% confidence intervals (Cl) of blue cod frm each region
surveyed in the 2010 Marlborough Sounds potting smey. AgeR, age at full recruitment.

Region (site type) ageR Z lowerCl  upperCl
D’Urville (fixed sites) 5 0.35 0.25 0.46
6 0.48 0.33 0.66
7 0.61 0.42 0.84
8 0.57 0.38 0.8
9 0.55 0.35 0.78
10 0.50 0.31 0.73
D’Urville (random sites) 5 0.34 0.24 0.47
6 0.49 0.32 0.69
7 0.67 0.43 0.94
8 0.70 0.43 1.05
9 0.68 0.4 1.09
10 0.57 0.29 0.95
Pelorus (fixed sites) 5 0.27 0.19 0.37
6 0.35 0.25 0.48
7 0.39 0.27 0.54
8 0.38 0.26 0.53
9 0.36 0.23 0.49
10 0.42 0.27 0.61
Pelorus (random sites incl. Maud) 5 0.30 0.21 0.41
6 0.39 0.27 0.54
7 0.41 0.27 0.58
8 0.39 0.26 0.56
9 0.35 0.23 0.51
10 0.41 0.25 0.61
Pelorus (random sites excl. Maud) 5 0.35 0.24 0.47
6 0.48 0.33 0.66
7 0.5 0.32 0.7
8 0.47 0.29 0.69
9 0.38 0.23 0.55
10 0.41 0.24 0.62
Queen Charlotte Sound (fixed sites) 5 0.23 0.17 0.31
6 0.30 0.21 0.4
7 0.36 0.25 0.5
8 0.40 0.27 0.56
9 0.38 0.24 0.55
10 0.38 0.24 56%
Cook Strait (random sites) 5 0.37 0.26 0.5
6 0.50 0.33 0.7
7 0.58 0.38 0.84
8 0.69 0.43 1.03
9 0.75 0.42 1.13
10 0.82 0.42 1.35
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Table 18: Total mortality estimates Z) and 95% confidence intervals (Cl) of blue cod frm each
management area surveyed in the 2010 Marlborough 8ods potting survey. AgeR, age at full
recruitment.

Management area ageR Z lowerCl upperCl
Closed 5 0.24 0.18 0.32
6 0.31 0.22 0.4
7 0.35 0.25 0.47
8 0.37 0.26 0.5
9 0.36 0.25 0.5
10 0.41 0.27 0.56
Fished ageR Z lowerCI uppercCl
5 0.34 0.24 0.45
6 0.47 0.34 0.65
7 0.57 0.4 0.77
8 0.55 0.38 0.74
9 0.43 0.29 0.59
10 0.4 0.26 0.57
Closed and Fished ageR Z lowerCl upperCl
5 0.27 0.2 0.36
6 0.35 0.25 0.46
7 0.4 0.28 0.55
8 0.4 0.29 0.55
9 0.37 0.26 0.52
10 0.41 0.27 0.56
Outside ageR Z lowerCl upperCl
5 0.33 0.24 0.47
6 0.46 0.32 0.64
7 0.58 0.37 0.82
8 0.56 0.33 0.86
9 0.56 0.32 0.87
10 0.52 0.3 0.82
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Table 19: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspre;) €stimates at three values
of M for each region surveyed in the 2010 Marlborough &inds survey.F, fishing mortality; M, natural
mortality; Z, total mortality. AgeR = 6.

Region (site type) M z F Fosspr
D'Urville (fixed sites) 0.11 0.48 0.37  Fueew
0.14 0.48 0.34 Faz.19%
0.17 0.48 0.31 F30.29
D'Urville (random sites) 0.11 0.49 0.38  Fieaw
0.14 0.49 0.35 Faz.79%
0.17 0.49 0.32 Fag.6%
Pelorus (fixed sites) 0.11 0.35 024 Fauy
0.14 0.35 0.21 Fs2.0%
0.17 0.35 0.18 Fa1.6%
Pelorus (random sites incl. Maud) 0.11 0.39 0.28 Fa0.5%
0.14 0.39 0.25 Fag 5%
0.17 0.39 0.22 Fa7.0%
Pelorus (random sites excl. Maud) 0.11 0.48 0.37 Fi6.6%
0.14 0.48 0.34 Faz.19%
0.17 0.48 0.31 F30.29
Queen Charlotte Sound (fixed sites) 0.11 0.30 0.19 Fa7.6%
0.14 0.30 0.16 Fag.19%
0.17 0.30 0.13 Fag.a%
Cook Strait (random sites) 011 0.50 0.39  Fisow
0.14 0.50 0.36 Fa2.3%
0.17 0.50 0.33 Fag.0%
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Table 20: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspre;) €stimates at three values
of M for each management area surveyed in the 20IMarlborough Sounds survey.F, fishing mortality;
M, natural mortality; Z, total mortality. AgeR = 6.

Management area M Z F Fosspr
Closed 0.11 0.31 0.2 b6 5%
0.14 0.31 0.17 Bs.71
0.17 0.31 0.14 b7 6
Fished 0.11 0.47 0.36 F17.0%
0.14 0.47 0.33 Fa3.6%
0.17 0.47 0.3 Fz0.8%
Closed-Fished 0.11 0.35 0.24 Fa3.1%
0.14 0.35 0.21 Fz2.0%
0.17 0.35 0.18 Fa1.6%
Outside 0.11 0.46 0.35 F17.3%
0.14 0.46 0.32 Fas.1%
0.17 0.46 0.29 Fs1.4%

Table 21: Video transect and pot sample details. dfe that stations are individual transects and pots* =
includes equivalent number of fish-based habitat gadrats (See Section 2.2.3). Blue cod numbers in
brackets are the number at legal size (30 cm and ex).

Video Pots
Sites 20 20
Stations 62 180
Habitat sections 483 -
Habitat quadrats 2003 -

Mean transect length 1033 m (x 44.2) -

Mean transect width 4m(x3.5) -
Total area swept 258 464 m Unknown
Blue cod 861* (240, 936 (643
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Table 22: Pot catch, numbers of blue cod, bycatctpscies, and percentage of total numbers from the 20
videoed sites.

Total Percen

Common name Scientific name Number total catch

Blue cod Parapercis colias 936 97.2
Leatherjacket Parika scaber 18 1.9
Carpet shark Cephaloscyllium isabellum 3 0.3
Spotty Notolabrus celidotus 3 0.3
Octopus Octopus cordiformis 1 0.1
Red mullet Upeneichtys lineatus 1 0.1
Tarakihi Nemadactylus macropterus 1 0.1
Total 963 100.0

Table 23: Video observations of the numbers of blueod, bycatch species, and percentage of total nues
from the 20 videoed sites.

Common name

Spotty

Blue cod
Butterfly Perch
Jack Mackerel
Snapper
Sweep

Scarlet wrasse
Warehou
Leatherjacket
Carpet Shark
Trevally

Eagle ray

Blue moki
Squid

Smooth skate
Banded wrasse
Flat fish

Opal fish

Red mullet
Sea perch

Longfinned boarfish

Porcupine fish
Unidentified

Total

Scientific name

Notolabrus celidotus
Parapercis colias
Caesioperca Lepidoptera
Trachurus declivis
Pagrus auratus

Scorpis lineolatus
Pseudolabrus miles
Seriolella brama

Parika scaber
Cephaloscyllium isabellum
Pseudocaranx dentex
Myliobatis tenuicaudatus
Latridopsis ciliaris
Unknown

Raja innominata
Notolabrus fucicola
Rhombosoleapp
Hemerocoetespp
Upeneichtys lineatus
Helicolenusspp
Zanclistius elevatus
Allomycterus jaculiferus

Total

Number

3 805
861
145

36
32
23
22
18
15
12

[E=Y
o

P PNMNNMNNOWWRAPSEDED

21

5033

Percen
total catch

75.6
17.1
2.9
0.7
0.6
0.5
0.4
0.4
0.3
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1

0.4

100.0
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15 3 B Kilometars

Figure 1: Map of Marlborough Sounds showing the statum code, stratum number, and locations of all
potting sites in the 2010 blue cod potting surveystratum 10 (SEP) is not shown on this figure and is
located around the coast of Abel Tasman National Pk, about 60 km east of D’Urville Island.
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Figure 2: Map of Marlborough Sounds showing the thee MPI blue cod management areas from 1
October 2008-1 October 2012. Closed area —closedfighing (dark blue of inner sounds). Fished area —
blue cod landed whole or gutted and the daily bagfdhree per person per day (between the closed area
and the dashed line). Outside area — daily bag litnof ten per day. Figure is modified from that fran MPI
http://www.fish.govt.nz/NR/rdonlyres/AFFA8A90-BF46-4526-9DDF-
1B20B3CDC394/0/MFishCodBroWeb.pdf
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Figure 3: Marlborough Sounds 2010 potting survey dah rates of all blue cod and recruited blue cod (3
cm and over) by site type (fixed or random) for edt region. Random site catch rates in Pelorus are stwvn
for sites including and excluding those around Maudsland. Error bars are 95% confidence intervals.
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Cook Strait (random sites)
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Figure 5: Scaled length frequency distributions ofblue cod for each stratum in the 2010 survey of
Marlborough Sounds (Cook Strait random sites).
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D'Urville (fixed sites)
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Figure 6: Scaled length frequency distributions ofblue cod for each stratum

Marlborough Sounds (D’Urville fixed sites).
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Pelorus Sound (fixed sites)
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Figure 8: Scaled length frequency distributions ofblue cod for each stratum in the 2010 survey of
Marlborough Sounds (Pelorus Sound fixed sites).
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Pelorus Sound (random sites_including Maud)

Males Females
Stratum 4 Stratum 4
200 200
0.157 N=156 _ 0.157 N=27
Mean=31.2 Mean=27.6
MWCV=38.9 MWCV=102
150 150
0.1 0.1
- 100 - 100
0.05 0.05
50 50
' ol
M
_ m L | 1 |
0 T T 2 T T T O 0 T T T T T T O
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Stratum 5 Stratum 5
200 200
0.15 N=150 0.15 N=38
Mean=31.9 Mean=26.9
MWCV=52.4 MWCV=102.8
= . 150 - 150
= 'd
g’ 0.1 \/ 0.1
[ )
= - 100 - 100
©
c
O  0.057 0.05
S | 50 50
(o]
) i
n m _n n n
n‘-_ 0-I T T T T T -0 0 T T T T T T -0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Stratum 8 Stratum 8
200 200
0.15 N=90 0.15 N=10
Mean=33.6 Mean=27.1
MWCV=56.7 MWCV=115.6
- 150 - 150
0.1 / 0.1
- 100 - 100
0.05 0.05
50 50
i fm L i nn I'”'ﬂnﬂ L
0 T T T T T T 0 0 T T T T T T 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Length (cm)

Figure 9: Scaled length frequency distributions ofblue cod for each stratum in the 2010 survey of

Marlborough Sounds (Pelorus Sound random sites inatling Maud Island).
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Pelorus Sound (random sites_excluding Maud)
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Figure 10: Scaled length frequency distributions ofblue cod for each stratum in the 2010 survey of
Marlborough Sounds (Pelorus Sound random sites exaling Maud Island).
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Queen Charlotte Sound (fixed sites)
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Figure 11: Scaled length frequency distributions ofblue cod for each stratum in the 2010 survey of
Marlborough Sounds (Queen Charlotte Sound fixed s#s).
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60 Marlborough Sounds 2010
(all regions; N= 388 males and 261 females)
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Figure 12: Observed age and length data by sex fahe 2010 Marlborough Sounds survey (all regions
combined) with von Bertalanffy growth models fittedto the data.

Ministry for Primary Industries Marlborough Sounds blue cod 2010 « 59



@

0.4

% agreement =5

0.3

N =99

Relative frequency
0.2
1

0.1

r T T T
-10 -5 0 5

Reading 1 - Reading 2

©

20
I

15
1

Mean CV = 36.7%
IAPE = 26%

Second reader
10
1

0 5 10 15

Firstreader

Reader 1 - Reader 2

Precison(first reader, second reader)

(b)

10
1

-10

2
3 1.
3.2
2323 1
3 .21
3 7.5 1 1
7106 2 1
35 2 4 1
1..2°1 2 1
- T T
11
T T T T
5 10 15 20

Firstreader

()

60
1

50

40

30
1

5 10 15 20
Age assigned by firstreader
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Figure 15: Length at maturity for female and male bue cod from the 2010 Marlborough Sounds cod
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62 » Marlborough Sounds blue cod 2010 Ministry for Primary Industries



2010 Cook Strait (random sites)
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Figure 16: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for all strata (11-13) combined inCook Strait region (random sites) for the 2010
Marlborough Sounds survey. N, sample size; MWCV, ean weighted coefficient of variation.
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2010 Durville (fixed sites)
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Figure 17: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for both strata (6 and 9) combinedh D'Urville region (fixed sites only) for the 2010
Marlborough Sounds survey. N, sample size; MWCV, ean weighted coefficient of variation.
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2010 Durville (random sites)
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Figure 18: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for both strata (6 and 9) combineéh D’Urville region (random sites only) for the 2010
Marlborough Sounds survey. N, sample size; MWCV, ean weighted coefficient of variation.
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2010 Pelorus (fixed sites)
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Figure 19: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for all strata (4, 5, 7, and 8) cdnmed in Pelorus Sound region (fixed sites only) fathe
2010 Marlborough Sounds survey. N, sample size; M@V, mean weighted coefficient of variation.
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2010 Pelorus (random sites—including Maud)
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Figure 20: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for random sites from strata 4, 5|and 8 combined in Pelorus Sound region including tse
around Maud Island for the 2010 Marlborough Soundssurvey. N, sample size; MWCV, mean weighted
coefficient of variation.
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2010 Pelorus (random sites—excluding Maud)
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Figure 21: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for random sites from strata 4 ané combined in Pelorus Sound region, excluding those
around Maud lIsland, for the 2010 Marlborough Soundssurvey. N, sample size; MWCV, mean weighted
coefficient of variation.
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2010 Queen Charlotte Sound
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Figure 22: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for all strata (1-3) combined in Qeen Charlotte Sound region (fixed sites) for the 2@
Marlborough Sounds survey. N, sample size; MWCV, ean weighted coefficient of variation.
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Region (2010 survey)
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Figure 23: Cumulative distributions of scaled lengt and age frequencies for total, male and female
cod for the four regions surveyed on the 2010 Marlirough Sounds blue cod potting survey. CKST, Cook
Strait; DUR, D’Urville; PEL, Pelorus Sound; QCH, Queen Charlotte Sound. Only data from fixed sites
are included in these plots.
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Durville fixed versus random sites (2010 survey)
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Figure 24: Cumulative distributions of scaled lengt and age frequencies for total, male, and femalell®e
cod for the D’Urville region comparing fixed and random sites on the 2010 Marlborough Sounds blue cod
potting survey.
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Pelorus fixed versus random sites (2010 survey)
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Figure 25: Cumulative distributions of scaled lengt and age frequencies for total, male, and femalelle
cod for the Pelorus region comparing fixed and randm sites on the 2010 Marlborough Sounds blue cod
potting survey. Random sites are shown as both ihaling and excluding those around Maud Island.
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2010 Closed area
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Figure 26: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for all strata (1, 2, 5, 7, and &ombined in the closed management area (fixed sitesly)
for the 2010 Marlborough Sounds survey. N, samplsize; MWCV, mean weighted coefficient of variation.
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2010 Fished area

Total Total
0.15 200 0.35 200
N=743 N=266
Mean=30.3 0.37 — Mean=7.4
MWCV=21.2 F150 o e MWCV=19.8 k150
0.1 . ’
0.2
100 100
0.157
0.057 0.11
Fso 50
0.057
0-I T -1 T T T = T -0 0- T T T T T T -0
0 10 20 30 40 50 60 0 5 10 15 20 25 30
Male Male
0.15 200 0.35 200
N=492 N=164
) Mean=31.2 0.3 Mean=7.6 —_
()] MWCV=25.9 - MWCV=24.4 - X
< . ) 150 ) 5c ] 150 [
o . 0.2 o
< I-100 I-100 =
<)) - 0.157 =
c i [
o 05 0.1 >
- IFs0 IFs0 —
I o
0.057 —
c c
g 0-I T . In T T = T -0 0- T T T T T T -0 '8
o 0 10 20 30 40 50 60 0 5 10 15 20 25 30 =
8— )
o
= Female Female
O oi1s 200 0.35 T 200 O
N=181 N=102
Mean=28 0.3 Mean=6.8
MWCV=40.5 F150 . | MWCV =31 b 150
0.1 . ’
0.2
100 100
0.157
0.057 |
Fso 01 50
0.057
0-I T = T T T T -0 0- T T T T T T -0
0 10 20 30 40 50 60 0 5 10 15 20 25 30
= 100 100 -
c
] Ny
g 80 4 80
o N Y A
o 60 Male 60 -
> ~ T~ Female ~7° Female
=
S 40 o 40
S
1S
S 20 20
)
0 T T T T T 0 T T T T T
0 10 20 30 40 50 60 0 5 10 15 20 25 30

Length (cm)

Age (years)

Figure 27: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for all strata (3, 4, and 6) combéd in the fished management area (fixed sites onl§or
the 2010 Marlborough Sounds survey. N, sample siZz@WCV, mean weighted coefficient of variation.
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2010 Closed and Fished areas
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Figure 28: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for all strata (1, 2, 3, 4, 5, 6,,7and 8) combined in the closed-fished combined
management areas (fixed sites only) for the 2010 Mbhorough Sounds survey. N, sample size; MWCV,
mean weighted coefficient of variation.
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2010 Outside area
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Figure 29: Scaled length frequency, age frequencynd cumulative distributions for total, male, and
female blue cod for all strata (9, 11, 12, and 13pmbined in the outside management area (fixed sgen
stratum 9 and random sites in strata 11-13) for th&2010 Marlborough Sounds survey. N, sample size;
MWCV, mean weighted coefficient of variation.
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Figure 30: Cumulative distributions of scaled lengt and age frequencies for total, male, and femalelle
cod by management areas surveyed in the 2010 Marlimugh Sounds blue cod potting survey. Only data
from fixed sites are included in these plots.
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Queen Charlotte Sound (fixed sites)
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Figure 31: Spawner-per-recruit (SPR) curve as a fuction of fishing mortality (F) for 2010 Marlborough

Sounds blue cod potting survey. The %SPR (38.1%) omsponding to the F value (0.16) for Queen
Charlotte Sound is shown as an examplé/ = 0.14, andF value is for age of full recruitment equal to 6
years. Z estimates, fishing mortalities, and kpre, Values for sensitivity analyses aroundV/ are given by
region in Table 19, and by management area in Tabl20.
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Figure 32: Catch rates of all blue cod and recruitd blue cod (30cm and over) from the 1995, 1996, 200
2004, 2007, and 2010 Marlborough Sound potting sueys. Catch rates are plotted by management areas.
Error bars are 95% confidence intervals. All siteswere fixed except for 2010 outside which includesxed
sites from stratum 9 and random sites from strata 1-13.Outside 2007 includes the 2008 Cook Strait survey
data. The 1995 and 1996 catch rates were interpretefrom data in Blackwell 1997 and 1998, and not
generated in this report.

Ministry for Primary Industries Marlborough Sounds blue cod 2010 « 79



Figure 33: Drift underwater video (DUV) and potting sites. Left - the study area showing the 20 sitssrveyed with 9 pots (dots) and 3 video transectRight — an
example site showing pots (large dots), video traests (lines), and habitat quadrats (small dots).
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Figure 34: Top — length distribution of blue cod masured from video observations (white) plotted agait

concurrent pot catch (black). Middle — length distibution of blue cod observed by video excluding thee

with head-on body orientation to camera (white) pltted against pot catch (black). Bottom — cumulative
frequency distribution of the data in the middle pbt.
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Figure 35: Mean site relative abundance (catch rat from pots verses the equivalent mean site densit
estimates from the area swept video method for alllue cod (top) and legal sized (30 cm or more) blusod
(bottom). Strata codes are MAUD (14), OPEL (5), DRE (6), IPEL (7).

82 « Marlborough Sounds blue cod 2010 Ministry for Primary Industries



Mean (+/- se) catch rate (kg.pot™)

125 Al blue cod (0.27)

12 Legal blue cod (-0.19)

0 I I I I I I I 1
0 0.2 0.4 0.6 0.8 1 12 14 16

Mean (+/- se) number per 100 m?
Figure 36: Mean density (from DUV) plotted againstcatch rate (from pots) of all (top) and legal siz€30

cm or more) (bottom) blue cod surveyed concurrentlywith DUV and pots. The number in brackets is the
correlation coefficient.
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Figure 37: Mean (+1) natural log density (from DUV)plotted against the mean (+1) natural log catch ra
(from pots) of all (top) and legal sized (bottom) lue cod surveyed concurrently with video and potsThe
number in brackets is the correlation coefficient.The standard errors are not plotted for clarity of these

graphs.
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Figure 38: Percentage of primary substrate (top) ofervations associated with blue cod and independent
video observations. The ratio of the percentages dilue cod associated primary substrate and the
independent observations recorded by the video isiswn in the bottom figure with a line drawn at a 11
ratio.
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Figure 39: Percentage of secondary structure obseamtions of blue cod and independent video
observations. The ratio of the proportion of blue od and the independent observation of secondary
structure recorded by the video method is shown ithe bottom figure. A horizontal line is drawn at aratio

of 1:1.
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Figure 40: Percentage of topographic complexity olesvations of blue cod and independent video
observations (top). The ratio of the proportion of blue cod and the independent observation of
topographic complexity recorded by the video methods shown in the bottom figure. A horizontal line §
drawn at a ratio of 1:1.
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Figure 41: Percentage of topographic complexity olesvations of blue cod (top) and independent (mid)
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0.16 ~ 0-45 degree video observations (n=224) v/s pot catch (n=726) for blue
cod 29 cm and over

0.14 -
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0.08 -

0.06 -

Proportion at length

0.04 -

0.02 -

O Pots
m Video

29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

Total length (cm)

Figure 42: Proportional length frequency distribution of DUV observations (excluding those with headro
body orientation to camera) versus pot catch for hie cod 29 cm and over.
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7. APPENDICES

Appendix 1: Glossary of terms used in this reportf(om Beentjes & Francis 2011).

Site

Fixed site

Random site

Site label

Set

Set number

Station
Pot number

Station number

Pot placement

A geographical location near to which samplingyntake place during a
survey. A site may be either fixed or random (setow). A site may be
specified as a latitude and longitude or a seatforoastline (for the latter, use
the latitude and longitude at the centre of the¢icel

A predetermined site within a given stratum, thas la fixed location (single
latitude and longitude or the centre point locatibm section of coastline) and is
available to be used repeatedly on subsequentysuiveéhat area. Which fixed
sites are used in a particular survey is determinedandom selection from all
available fixed sites in each stratum. Fixed séss sometimes referred to as
index sites or fishedefinedsites

A site that can have any location (single latitualed longitude) generated
randomly from within a stratum, given the constigiof proximity to other
selected sites for a specific survey.

An alphanumeric label of no more than four chamagtenique within a survey
time series. A site label identifies each fixedesitnd also specifies which
stratum it lies in. Site labels are constructeccbycatenating the stratum code
with an alpha label (A-Z) that is unique within tils&ratum. Thus, sites within
stratum 2 could be labelled 2A, 2B, and sites iiatatn 3 could be labelled 3A,
3B etc. Note that random sites do not have sitel$ab

A group of pots deployed in the vicinity of a sgtsd site in a specific survey.
The pots are set in a cluster or linear configorati

A number assigned to each set within a survey. fobers are defined
sequentially in the order fished. Thus, any sehiwita survey is uniquely
defined by a trip code and set number. Note thasdt number is not recorded
in thetrawl database in isolation, but is entered as parttabate station_no
in tablet_station

The position (latitude and longitude) at whichiaghke pot (or other fishing
gear) is deployed at a site during a survey, tiis.unique for the trip.

Pots are numbered sequentially (1 to 6 or 1 tmm e order they are placed
during a set.

A number which uniquely identifies each stationhivita survey. The station
number is formed by concatenating the set numbgr tlve pot number. Thus,
pot 4 in set 23 would be station number 234. Thisvention is important in
enabling users of thieawl database to determine whether two pots are frem th
same set. Note that the set numbers for pottingegarare not recorded
anywhere else in theaw! database.

There are two types of pot placemebirected-the position of each pot is
directed by the skipper using local knowledge dredviessel SONAR to locate
a suitable area of reef/cobble or biogenic habBgstematic-the position of
each pot is arranged systematically around theosiadong the site for a section
of coastline. For the former site, the positiorthad first pot is set 300 m to the
north of the site location and remaining pots &tersa hexagon pattern around
the site, at about 300 m from the site position.
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Appendix 2: Mean-age-at-length Marlborough Sounds @10 survey by region.

Appendix 2A: Cook Strait.

Males Females
Length (cm) N Mean age (y) N Mean age (y)

14 1 2.0
16 1 2.0
18 1 4.0
19 2 3.5 1 4.0
21 3 4.3 4 5.0
22 2 4.5 4 4.5
23 4 4.8 3 5.3
24 2 5.0 5 5.0
25 5 5.4 4 5.8
26 4 5.8 2 5.5
27 5 5.6 5 6.4
28 5 6.6 3 6.7
29 4 6.0 5 7.0
30 5 7.6 3 7.0
31 5 7.0 1 8.0
32 5 8.2 1 8.0
33 5 8.4

34 5 7.8 1 9.0
35 5 8.6 1 8.0
36 5 10.0

37 5 10.8

38 1 7.0

39 3 11.0

40 1 15.0

48 1 18.0

Totals 82 7.4 46 5.8
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Appendix 2B: D’Urville.

Males Females
Length (cm) N Mean age (y) N Mean age (y)

15 1 2.0 1 2.0
17 1 3.0
18 2 3.0

19 1 3.0 2 3.0
20 4 4.5 2 4.0
21 5 4.6 5 4.8
22 2 4.0 5 4.6
23 5 5.0 5 5.0
24 4 4.5 5 5.4
25 5 5.2 5 6.4
26 5 5.6 5 5.6
27 5 6.2 5 7.0
28 5 6.4 3 7.3
29 5 6.8 4 6.8
30 5 7.0 5 7.0
31 5 7.6 5 6.8
32 5 6.8 5 8.2
33 3 7.3 5 8.0
34 5 8.8 5 9.2
35 5 8.4 5 11.2
36 5 9.8 2 10.5
37 4 10.3

38 5 10.8 1 12.0
39 3 11.7

40 4 12.3 1 13.0
41 5 12.4

42 1 12.0

43 5 13.2

44 2 16.0

45 2 14.5

47 1 12.0

48 2 20.5

Total 116 8.2 82 6.8
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Appendix 2C: Pelorus Sound.

Males Females
Length (cm) N Mean age (y) N Mean age (y)

10 1 1.0
11 1 1.0
15 1 2.0
17 1 3.0

18 4 25 1 3.0
19 2 4.0 1 4.0
20 2 4.5 2 55
21 2 35 5 4.8
22 1 5.0 5 4.6
23 5 5.2 5 5.0
24 4 55 5 6.2
25 5 5.6 5 5.4
26 5 6.2 5 6.0
27 5 5.6 4 6.5
28 5 6.0 5 6.6
29 5 6.6 5 6.6
30 5 6.2 5 7.4
31 5 6.6 5 7.6
32 5 7.2 5 8.0
33 5 7.6 5 8.4
34 5 9.6 4 8.3
35 5 10.4 1 15.0
36 5 10.6

37 5 11.0

38 5 11.0

39 4 13.3

40 5 11.6

41 3 11.3

42 1 16.0

43 2 16.5

Total 106 7.9 76 6.3
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Appendix 2D: Queen Charlotte Sound.

Males Females
Length (cm) N Mean age (y) N Mean age (y)

17 1 3.0
19 1 3.0
20 1 4.0
21 1 5.0
22 1 6.0 1 5.0
23 1 5.0 4 5.3
24 3 5.7 1 6.0
25 1 5.0 4 6.3
26 5 6.8 5 6.0
27 5 6.6 5 6.6
28 5 7.0 5 7.6
29 5 6.6 4 7.3
30 5 7.2 5 7.2
31 5 7.6 4 8.0
32 5 7.4 5 8.0
33 5 8.6

34 5 8.0 1 9.0
35 5 10.2 3 11.7
36 5 11.4 2 10.5
37 5 11.6 3 13.3
38 5 12.6

39 4 12.8 1 15.0
40 5 13.8

41 1 15.0

44 1 13.0

45 2 15.5

Total 84 9.2 57 7.5
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Appendix 3: Estimates of proportion of length at ag for blue cod sampled from the
Marlborough Sounds 2010 survey by region (age lengkey, ALK).

Appendix 3A: Cook Strait. N =82 males 46 females.

Males
Age (years)
Length (cm) 3 4 5 6 7 8 9 10 11 12 15 18
19 0.5 0.5 0 0 0 0 0 0 0 0 0 0
21 0 0.67 0.33 0 0 0 0 0 0 0 0 0
22 0 0.5 0.5 0 0 0 0 0 0 0 0 0
23 0 0.5 0.25 0.25 0 0 0 0 0 0 0 0
24 0 0 1 0 0 0 0 0 0 0 0 0
25 0 0.2 0.4 0.2 0.2 0 0 0 0 0 0 0
26 0 0 0.25 0.75 0 0 0 0 0 0 0 0
27 0 0.2 0.2 0.4 0.2 0 0 0 0 0 0 0
28 0 0 0 0.6 0.2 0.2 0 0 0 0 0 0
29 0 0 0 1 0 0 0 0 0 0 0 0
30 0 0 0 0 0.4 0.6 0 0 0 0 0 0
31 0 0 0 0.2 0.6 0.2 0 0 0 0 0 0
32 0 0 0 0 0.2 0.4 0.4 0 0 0 0 0
33 0 0 0 0 0.2 0.4 0.2 0.2 0 0 0 0
34 0 0 0 0.2 0.4 0 0.2 0.2 0 0 0 0
35 0 0 0 0 0.2 0.2 0.4 0.2 0 0 0 0
36 0 0 0 0 0 0 0.2 0.6 0.2 0 0 0
37 0 0 0 0 0 0 0 0.6 0 0.4 0 0
38 0 0 0 0 1 0 0 0 0 0 0 0
39 0 0 0 0 0 0 0 0.33 0.33 0.33 0 0
40 0 0 0 0 0 0 0 0 0 0 1 0
48 0 0 0 0 0 0 0 0 0 0 0 1
Females
Age (years)
Length (cm) 2 4 5 6 7 8 9
14 1 0 0 0 0 0 0
16 1 0 0 0 0 0 0
18 0 1 0 0 0 0 0
19 0 1 0 0 0 0 0
21 0 0 1 0 0 0 0
22 0 0.5 0.5 0 0 0 0
23 0 0 0.67 0.33 0 0 0
24 0 0 1 0 0 0 0
25 0 0 0.25 0.75 0 0 0
26 0 0 0.5 0.5 0 0 0
27 0 0 0 0.6 0.4 0 0
28 0 0 0 0.67 0 0.33 0
29 0 0 0 0.2 0.6 0.2 0
30 0 0 0 0.33 0.33 0.33 0
31 0 0 0 0 0 1 0
32 0 0 0 0 0 1 0
34 0 0 0 0 0 0 1
35 0 0 0 0 0 1 0
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116 males 82 females.

Appendix 3B: D'Urville. N

Males

Age (years)

11 12 13 14 15 16 17 20 21

10

Length (cm)

15
18
19
20
21

0.5

0.5

02 02

0.6

22

23

0.5
0.8
0.6

0.5

24
25

0.2
0.2
0.8
0.6
0.4
0.2

0.2
0.2
0.4
0.4
0.6
0.4
0.4

26
27

28
29

0.2

0.2

30
31

0.6

0.2

0.4
0 033 033

32

0
0.2

0 033

0.4

33

0.2

0.2
0.2
0.2

34
35

0.6

0.2

0.2

0.2
0.5
0.6

0.2

0.2

36
37

0.25

0 025

0

0.2

0.2

38
39

0

0 033 033

0 033

0

0

0

0 025

0.4

0.5
0.2

0 025

0.2

0.2

41

4

0.4

0.2

0.2

0.2

43

0.5

0.5

45

47

0.5

0.5

Females

age (years)

11 12 13

10

2

Length (cm)

15
17
19
20
21

0.5

0.5

0.5

0.5

0.2

0.6

0.2

02 02

0.6
0.2

22
23
24
25
26
27
28
29
30
31

0.2

0.6

0.4
0.6

0.6
0.4

0.6

0.4

0.4

0.2

0.4

0
0

0 067 033
05 025 025

0

0.8
0.2

0.2

0.4
0.4
0.8
0.4

0.4
0.4

32
33
34
35
36
38
40

0.2

0.2

0.4

0.2

0.5

0.5
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116 males 76 females.

Appendix 3C: Pelorus SoundN

Males

Age (years)

11 12 13 14 15 16 18

10

2

Length (cm)

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

0.5

0.5

0.5

0.5

0.5

0.5

0.4
0.5

0.4

0.5

0.2

0.6
0.8
0.6
0.6

0.4

0.2

0.4
0.2
0.2

0.2

0.8
0.2

0.8
0.6
0.2

0.2

0.2

0.4
0.4
0.2

0.4
0.2

0.2

0.2

0.2

0.2

0.4
0.2

0.4
0.2

0.2

0.2

0.4
0.4

0.2

0.2

0.2

0.4
0.2

0.2

0.2

0.2

0.2

0

0 025 025 0.25

0.2
0.33

0 0.25

0.2

0.6
0 0.67

0

0

41

42

0.5

0.5

43

Females

Age (years)

15

12

1

Length (cm)

10
11
15
18
19
20
21

0.5

0.5

0.8
0.6

0.2

0.4

22
23

0.2

0.8
0.4

0.6

24
25
26
27

0.6

0.2

0.2
0 025 025 025 0.25

0

02 02

0.6
0.4

0.2

28
29
30
31
32
33

0.6

0.2

0.2

0.4
0.4

0.2

0.6

0.2

0.6

0.2

0.4

0.4

0 075 0.25 0

0

34
35
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84 males 57 females.

Appendix 3D: Queen Charlotte SoundN

Males

Age (years)

11 12 13 14 15 16

10

5

Length (cm)

22

23

0

24 0.33 0.67

25
26
27
28
29
30
31

04 0.2
0.2

0.4
0.6

0.2

0.6 0.2

0.2

0.8

0.4
0.6

0.4
0.4
0.6

0.2

0.4
0.6

32

02 0.2

0
0.2

33
34
35

0
0.2

0.2

0.6

0.2

0.2

0.4

0

0.2

0.2

02 0.2

0.2

36
37
38
39

0.4
0.8

0.2

0.2

0.2

0.2
0 025 0.25

0.5

0
0.2

0

0.4

0.2

0.2

40

41

0.5

0.5

45

Females

Age (years)

11 13 14 15

10

3

Length (cm)

17
19
20
21

22

0.5

0 025 0.25

23
24
25

0

0 0.25
0.2

0.5

0 0.25

0

0

0.6

0.2

26
27
28
29
30
31

06 02 0.2

0 075 0.25

0.4

0
0.2

0

0.2

0.2

0.6 0.2

0.2

32

34
35
36
37
39

0

0 0 0.67
0.5

0.5

0 0.33

0

0 033 0.33

0 033

0
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Appendix 4: Cook Strait 2008 blue cod survey resuit (trip_code jug0801).

Appendix 4A. Cook Strait 2008 potting survey effortand catch summary by strata. CKST, Cook Strait.

. Stratum  Area (km Site
Region Stratum .
code coastline) type
CKST 11 APAE 21.6 Fixed
CKST 12 COOK 30 Fixed
CKST 13 UNDW 34 Fixed
Totals

N sets N pots No. blue Catch
(sites)  (stations) cod (kg)
7 63 492 262.1
7 63 140 65.8
8 72 51 22.6
22 198 683 350.5

Depth (m)

Mean min  max
23.2 12 46
20.4 8 39
12.2 4 39

Appendix 4B: Catch weights and total numbers of ble cod and bycatch species caught on the 2008 Cook
Strait blue cod potting survey.

Common name
Blue cod
Octopus
Banded wrasse
Scarlet wrasse
Spotty

Sea perch
Marblefish
Maori chief
Red rock cod
Starfish
Tarakihi
Splendid perch
Triplefin
Leatherjacket
Brittle star
Trumpeter
Nudibranch
Sea horse

Totals

Scientific name
Parapercis colias
Octopus sp.

Notolabrus fucicola
Pseudolabrus miles
Notolabrus celidotus
Helicolenus percoides
Aplodactylus arctidens
Paranotothenia augustata
Scorpaena cardinalis

Nemadactylus macropterus
Callanthias allporti
Gilloblenniussp

Parika scaber

Ophiuroid

Latris lineata

Nudibranchia
Hippocampus abdominalis

Species code
BCO
OCT
BPF

SPF
STY
SPE
GTR
MCH
SDL
SFI
TAR
SPP
GIL
LEA
OPH
TRU
NUD
SHO

Catch (kgyumber

351
28.2
26
5.3
2.8
14

422.8

684
6
56

N-bo.)O‘IHH.pooQ

[N
N

N e

826

Percent of
total catch
83.0
6.7
6.1
1.3
0.7
0.3
0.2
0.2
0.2
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.0
0.0

100

Appendix 4C: Mean blue cod catch rates for all bluecod caught from the 2008 Cook Strait survey by
stratum. Catch rates are pot-based, and s.e. andvc.are set-based. s.e., standard error; c.v. cogfient of
variation; CKST, Cook Strait.

Region

CKST
CKST
CKST

Stratum Site type
11 Fixed

12 Fixed

13 Fixed
Overall Fixed

Pot lifts (N)

63
63
72

198

Catch rate
(kg.pot?)

4.2
1.0
0.3
1.5

S.e.

0.76
0.39
0.10
0.24

c.v. (%)

18.1
37.2
31.1
15.4
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Appendix 4D: Mean blue cod catch rates for recruitd blue cod (30 cm and over) caught from the 2008

Cook Strait survey by stratum. Catch rates are potased, and s.e. and c.v. are set-based. s.e., dtad

error; c.v. coefficient of variation; CKST, Cook Strait.

Region Stratum
CKST 11
CKST 12
CKST 13
Overall

Appendix 4E: Weighted mean lengths and weighted sex ratio (M:Hpr all blue cod by stratum in the 2008

Cook Strait survey.

Site type

Fixed
Fixed
Fixed
Fixed

Length (cm)

Stratum Sex N Mean Minimum Maximumr

11 m 448
f 44
u 0
12 m 117
f 23
u 1
13 m 40
f 11
u 0
Overall m 605
f 78
u 1

Appendix 4F: Gonad stages of 2008 Cook Strait suryel, immature or resting; 2, maturing (oocytes
visible in females); 3, mature (hyaline oocytes ifemales, milt expressible in males); 4, running rip (eggs

32.2
27.8

315
24.9
22

30.5
254

31.9
26.4
22

20
20

23
18
22

20
17

20
17
22

46
32

42
32
22

39
31

46
32
22

and milt free flowing); 5, spent; CKST, Cook Strait

Region Size status

CKST
cm)

Recruits (30 cm+)

Pre-recruits (<30

Pot lifts (N)

63
63
72
198

Catch rate
(kg.pot’)

3.48
0.82
0.21
1.25

Sex ratio M:F (% male)

10.1:1(91.%)

5.1:1 (83.6%)

3.4:1 (77 %)

7.4:1 (88.1%)

S.e.

0.73
0.34
0.07
0.22

Gonad stage %

Sex

Male

Female
Male
Female

35.4

20.3
2.9
0.0

44.1

48.4
46.2
42.9

3 4
9.9 10.6
29.7 1.6
26.8 24.1
57.1 0.0

5

0

0
0
0

100  Marlborough Sounds blue cod 2010

Ministry for Primary Industries

c.v. (%)

20.9
41.3
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Appendix 4G: Observed age and length data by sexrfthe 2008 Cook Strait survey with von Bertalanffy
growth models fitted to the data.

2008 Cook Strait survey
N =337 males and 74 females

o _|
Lo
+
o _|
=
~—~~ o _
|:' ™
e
o
z
§> + Male data
o o | ° Female data
(qV]
—— Male VB
---- Female VB
o _|
—
Males: Linf=46.2, K=0.127,to =-1.62
o - Females: Linf=35.2, K =0.235,to =-0.41

| | | | | | |
0 5 10 15 20 25 30

Age (years)
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Appendix 4H: Scaled length frequency, age frequen¢yand cumulative distributions for total, male, and
female blue cod for all strata (11, 12 and 13) coned (fixed sites) for the 2008 Cook Strait surveyN,
sample size; MWCV, mean weighted coefficient of véation.

2008 Cook Strait

Total Total
0.14 200 0.25 200
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_ Mean=31.2 | i - Mean=7.6
MWCV=25.7 Liso 02 MWCV=19.5 L 150
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0.07 I 100 100
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50 50
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1l et
O-I T T T T = T ~0 0~ T T T T — T T ~0
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o 011 =
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Appendix 4l1: Estimates of proportion of length at age for blue cod sampled from the 2008 Cook Strait
survey (age-length-key, ALK).

Males
Age (y
Length (cm) 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18
20 0.5 0.5 0 0 0 0 0 0 0 0 0 0 0 0 0
21 0.67 0.33 0 0 0 0 0 0 0 0 0 0 0 0 0
22 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
23 0.2 0.4 0.4 0 0 0 0 0 0 0 0 0 0 0 0
24 0 0.3 0.7 0 0 0 0 0 0 0 0 0 0 0 0
25 0 0 056 044 0 0 0 0 0 0 0 0 0 0 0
26 0 0.12 0.41 0.47 0 0 0 0 0 0 0 0 0 0 0
27 0 0 0.29 0.5 021 0 0 0 0 0 0 0 0 0 0
28 0 0 0.29 0.5 021 0 0 0 0 0 0 0 0 0 0
29 0 0 0.06 071 0.13 0.06 0.03 0 0 0 0 0 0 0 0
30 0 0 0.04 039 043 0.13 0 0 0 0 0 0 0 0 0
31 0 0 006 019 048 0.19 0.06 0 0 0 0 0 0 0 0
32 0 0 0 019 045 0.13 019 o0.03 0 0 0 0 0 0 0
33 0 0 0 005 0.32 0.55 0.05 0 0.05 0 0 0 0 0 0
34 0 0 0 008 012 0.28 0.28 0.2 0.04 0 0 0 0 0 0
35 0 0 0 0 005 0.16 047 0.26 0 0.05 0 0 0 0 0
36 0 0 0 0 007 014 0.21 0.21 0.07 0.14 o0.14 0 0 0 0
37 0 0 0 0 0 0 0 012 0.62 0.19 0.06 0 0 0 0
38 0 0 0 0 0 0 0 0 045 0.45 0 0.1 0 0 0
39 0 0 0 0 0 0 0 007 0.27 033 0.27 0 0 0.07 0
40 0 0 0 0 0 0 0 0 0 033 033 0.33 0 0 0
41 0 0 0 0 0 0 0 0 0.2 0 0.4 0.4 0 0 0
42 0 0 0 0 0 0 0 0 033 0 0 033 0.33 0 0
46 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Females
Age (years)
Length (cm) 2 3 4 5 6 7 8 9 12
17 1 0 0 0 0 0 0 0 0
18 0 1 0 0 0 0 0 0 0
19 0 0 1 0 0 0 0 0 0
20 0 1 0 0 0 0 0 0 0
21 0 067 0.33 0 0 0 0 0 0
22 0 0 075 0.25 0 0 0 0 0
23 0 0 0 1 0 0 0 0 0
24 0 0 0 1 0 0 0 0 0
25 0 0 0O 08 0.2 0 0 0 0
26 0 0 0 1 0 0 0 0 0
27 0 0 0O 043 014 029 0.14 0 0
28 0 0 0 0 0.73 0.2 0.07 0 0
29 0 0 0 0O 04 053 0.07 0 0
30 0 0 0 0 0 0.6 0.4 0 0
31 0 0 0 0 0.4 0.2 0.4 0
32 0 0 0 0 0 025 0.25 0.25 0.25
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Appendix 4J: Total mortality estimates ¢) and 95% confidence intervals (Cl) of blue cod frm the 2008
Cook Strait Sounds potting survey. AgeR, age at furecruitment.

Region ageR Z lowerCl  upperCl

Cook Strait 5 0.31 0.23 0.41
6 0.39 0.28 0.51
7 0.44 0.32 0.58
8 0.45 0.32 0.6
9 0.48 0.33 0.67

Appendix 4K: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspry,) €Stimates at three
values of M for the 2008 Cook Strait survey. F, fising mortality; M, natural mortality; Z, total mort ality.
AgeR = 6.

Region M z F Foespr
Cook Strait 0.11 0.39 0.28 50
0.14 0.39 0.25 B5u
0.17 0.39 0.22 £.ou
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Appendix A: Historical surveys (1995, 1996, 20010P4, and 2007) effort details and catch rates.

Appendix Al: Marlborough Sounds potting survey effat and catch summary by site type from 2001,
2004, and 2007 surveys. QCH, Queen Charlotte Soun®EL, Pelorus Sound; DUR, D'Urville; SEPR,

Separation Point; CKST, Cook Strait.

2001 survey (trip code Ihr0101)
Stratum  Area (km

Region Stratum code coastline)
QCH 1 IQCH 43.2
QCH 2 OQCH 176.6
QCH 3 EQCH 83.1
PEL 4 EOPE 69.5
PEL 5 OPEL 94.8
DUR 6 DURE 105.1
PEL 7 IPEL 100.1
PEL 8 MPEL 72.3
Totals

2004 survey (trip code Ihr0401)
Stratum  Area (km

Region Stratum code coastline)
QCH 1 IQCH 43.2
QCH 2 OQCH 176.6
QCH 3 EQCH 83.1
PEL 4 EOPE 69.5
PEL 5 OPEL 94.8
DUR 6 DURE 105.1
PEL 7 IPEL 100.1
PEL 8 MPEL 72.3
DUR 9 DURW 96.2
SEPR 10 SEPR 20
Totals

2007 survey (trip code Ihr0701)
Stratum  Area (km

Region Stratum code coastline)
QCH 1 IQCH 43.2
QCH 2 OQCH 176.6
QCH 3 EQCH 83.1
PEL 4 EOPE 69.5
PEL 5 OPEL 94.8
DUR 6 DURE 105.1
PEL 7 IPEL 100.1
PEL 8 MPEL 72.3
DUR 9 DURW 96.2
SEPR 10 SEPR 20
Totals

Site
type

fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed

Site
type
fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed

Site
type

fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed
fixed

N sets
(sites)

g b~ O O 01O N b

N
N

N sets
(sites)
4

[0 oI @y BN SN

12

w

10

65

N sets
(sites)

o R TS, I NN

15

11
12

75

N pots No. blue

(stations)

36
63
45
45
54
54
36
45

378

N pots
(stations)
36

36
36
45
72
108
27
45
90
90

585

No.

cod

52
253
204
216
103
843

29

87

1787

blue
cod

39
128
207
365
284

1202

34

78
841

3187

N pots No. blue

(stations)

36
36
45
72
72
130
27
45
94
105

662

cod

75
264
569
196
885

29

69

1059

19

3165

Catch
(kg)

20.7
84.3
76.1
65.7
34.9
318.5
6.7
26.9

633.8

Catch
(kg)
12.7
34.4
72.4

121.5
67.6
504.7
55
16.4
337.4
3.4

1176

117
233.3
60.2
394.2
7.6
17.8
524.1
7.9

1385.1

Depth (m)
Mean min max
17.7 9 27
20.2 7 45
20.2 9 45
14.1 5 29
14.2 7 37
26.9 8 43
10.4 5 16
13.2 8 21
Depth (m)
Mean min  max
17.9 4 37
15.1 7 22
18.2 7 33
175 7 31
16.5 4 33
21.0 9 38
11.9 7 18
13.1 9 24
19.8 7 49
13.1 4 31
Depth (m)
Mean min max
17.3 9 33
17.4 9 43
11.9 5 22
19.6 7 43
14.8 7 26
19.3 7 40
114 7 18
13.1 7 24
18.4 7 34
11.9 5 32
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Appendix A2: Mean blue cod catch rates for all bluecod caught from the 1995, 1996, 2001,
2004, and 2007 Marlborough Sounds potting surveysybstrata, region, and management area.
Catch rates are pot based, and s.e. and c.v. ard-based, except 1995 and 1996 (potting survey

manual, Beentjes & Francis 2011).

s.e., standardrer; c.v. coefficient of variation; QCH,

Queen Charlotte Sound; PEL, Pelorus Sound; DUR, D'tille; SEPR, Separation Point; CKST,
Cook Strait; Mgmt area, management area; Closed séta, (1, 2, 5, 7, 8); fished strata, (3, 4, 6);
closed-fished strata, (1-8); outside strata, (6, 9,1, 12, 13). The 1995 and 1996 survey data were
not estimated as part of this report, but were intepreted from data in Blackwell 1997 and 1998
(catch rates, s.e. and c.v. are all pot based).

1995 survey (trip code 1hr9501)

Region

All strata
QCH
QCH
QCH
PEL
PEL

Mgmt. area

Closed
Fished
Closed-Fished

Stratum

ga b~ wnN P

Overall

Stratum

12,5
3,4
1,2,3,4,5

1996 survey (trip code 1hr9601)

Region

All strata
PEL
PEL
PEL
PEL
DUR

Mgmt. area

Closed
Fished
Closed-Fished

Stratum

o 00N U b

Overall

Stratum

5,7,8
4,6
4,5,6,7,8

Site type

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Site type

Fixed
Fixed
Fixed

Site type

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Site type

Fixed
Fixed
Fixed

Catch rate

Pot lifts (N) (kg.poth)
72 0.64

72 1.93

72 2.42

72 3.28

72 2.71

360 -
Catch rate

Pot lifts (N)  (kg.pot?)
144 1.76

216 2.85

360 2.20
Catch rate

Pot lifts (N) (kg.poth)
36 2.7

36 2.5

36 0.9

36 2.5

36 7.5

180 -
Catch rate

Pot lifts (N)  (kg.pot?)
108 1.96

72 51

180 3.2

S.e.

0.07
0.11
0.17
0.20
0.21

S.e.

0.11
0.18
0.14

S.e.

0.10
0.35
0.04
0.08
0.50

S.e.

0.16
0.30
0.21

c.v. (%)

10.9
5.6
7.0
6.1
7.7

c.v. (%)

6.3
6.6
6.4

c.v. (%)

3.7
14.0
4.4
3.2
6.6

c.v. (%)

7.9
5.9
6.7
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Appendix A2 —continued

2001 survey (trip code 1hr0101)

Region
All strata
QCH
QCH
QCH
PEL
PEL

Region
DUR
PEL
PEL
QCH
PEL

DUR

Mgmt. area

Closed
Fished

Closed-Fished

Stratum

O~ WNPF

Stratum
6
7
8
Overall
Overall

Overall

Overall

Stratum

Overall

Overall

Overall

Site type
Fixed
Fixed
Fixed
Fixed
Fixed

Site type
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed

Site type

Fixed
Fixed

Fixed

Pot lifts (N)
36
63
45
45
54
Pot lifts (N)
54
36
45
378
144
180

54

Pot lifts (N)
234

144

378

Catch rate
(kg.pot?)

0.58
1.34
1.69
1.46
0.65

Catch rate
(kg.pot!)

5.90
0.19
0.60
1.67
1.33
0.67
5.90

Catch rate
(kg.pot!)

0.79
3.34

1.67

S.e.
0.07
0.24
0.28
0.27
0.08

S.e.
1.16
0.06

0.23

0.18
0.16
0.08

1.16

S.e.

0.10

0.49

0.18

c.v. (%)
12.7
18.2
16.9

18.6
12.1

c.v. (%)
19.7
29.7

38.1
10.8
12.3
11.9

19.7

c.v. (%)

12.3
14.6

10.8
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Appendix A2 —continued

2004 survey (trip code |hr0401)

Catch rate
Region Stratum Site type Pot lifts (N) (kg.poth) s.e. c.v. (%)
All strata
QCH 1 Fixed 36 0.35 0.13 37.6
QCH 2 Fixed 36 0.96 0.31 32.0
QCH 3 Fixed 36 2.01 0.66 32.6
PEL 4 Fixed 45 2.70 0.39 14.6
PEL 5 Fixed 72 0.94 0.14 154
DUR 6 Fixed 108 4.67 0.82 17.6
PEL 7 Fixed 27 0.20 0.10 50.4
PEL 8 Fixed 45 0.36 0.15 42.2
DUR 9 Fixed 90 3.75 0.48 12.7
SEPR 10 Fixed 90 0.04 0.02 52.6
Overall Fixed 585 1.77 0.15 8.5
Catch rate
Region Stratum Site type Pot lifts (N) (kg.poth) s.e. c.v. (%)
All  strata (excl.
SEPR) Overall Fixed 495 1.82 0.15 8.5
QCH Overall Fixed 108 1.16 0.25 21.9
PEL Overall Fixed 189 0.96 0.10 10.6
DUR Overall Fixed 198 4.23 0.49 115
Catch rate
Mgmt. area Stratum Site type Pot lifts (N) (kg.pot?) s.e. c.v. (%)
Closed Overall Fixed 216 0.66 0.12 18.1
Fished Overall Fixed 189 3.28 0.41 125
Closed-Fished Overall Fixed 405 1.57 0.16 10.4
Outside Overall Fixed 90 3.75 0.48 12.7
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Appendix A2 —continued

2007 survey (trip code |hr0701)

Catch rate

Region Stratum Site type Pot lifts (N) (kg.poth) s.e. c.v. (%)
All strata
QCH 1 Fixed 36 0.00 0.00 NA
QCH 2 Fixed 36 0.64 0.19 30.2
QCH 3 Fixed 45 2.60 0.41 15.8
PEL 4 Fixed 72 3.24 0.42 12.9
PEL 5 Fixed 72 0.84 0.21 25.5
DUR 6 Fixed 130 2.92 0.51 17.6
PEL 7 Fixed 27 0.28 0.15 51.8
PEL 8 Fixed 45 0.40 0.17 42.7
DUR 9 Fixed 94 5.49 0.69 125
SEPR 10 Fixed 105 0.07 0.04 48.7

Overall Fixed 662 1.77 0.12 6.9
All  strata (excl.
SEPR) Overall Fixed 557 1.81 0.13 6.9
QCH Overall Fixed 117 1.09 0.16 14.7
PEL Overall Fixed 216 1.07 0.12 111
DUR Overall Fixed 224 4.15 0.42 10.2

Catch rate

Mgmt. area Stratum Site type Pot lifts (N) (kg.poth) s.e. c.v. (%)
Closed Overall Fixed 216 0.51 0.09 17.7
Fished Overall Fixed 247 2.90 0.27 9.4
Closed-Fished Overall Fixed 463 1.34 0.11 8.3
Outside Overall Fixed 94 5.49 0.69 12.5
Outside (incl. CKST
2008 strata) Overall Fixed 292 3.6 0.38 10.5
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Appendix A3: Mean blue cod catch rates for recruite blue cod (30 cm and over) caught from
the 2001, 2004, and 2007 Marlborough Sounds pottingurveys by strata, region, and
management area. Catch rates are pot based, and .sand c.v. are set-based (potting survey
manual, Beentjes & Francis 2011). s.e., standardrer; c.v. coefficient of variation; QCH,
Queen Charlotte Sound; PEL, Pelorus Sound; DUR, D'tille; SEPR, Separation Point; CKST,
Cook Strait; Mgmt area, management area; Closed séta, (1, 2, 5, 7, 8); fished strata, (3, 4, 6);
closed-fished strata, (1-8); outside strata, (6, @1, 12, 13).

2001 survey (trip code |hr0101)

Catch rate
Region Stratum Site type Pot lifts (N) (kg.pot?) s.e. c.v. (%)
All strata
QCH 1 Fixed 36 0.30 0.02 8.3
QCH 2 Fixed 63 0.55 0.12 22,5
QCH 3 Fixed 45 0.90 0.24 26.4
PEL 4 Fixed 45 0.81 0.19 23.2
PEL 5 Fixed 54 0.31 0.03 9.9
DUR 6 Fixed 54 3.33 0.75 22.5
PEL 7 Fixed 36 0.07 0.04 63.0
PEL 8 Fixed 45 0.19 0.06 33.0

Overall Fixed 378 0.86 0.11 13.3

QCH Overall Fixed 144 0.61 0.10 15.9
PEL Overall Fixed 180 0.32 0.04 13.9
DUR Overall Fixed 54 3.33 0.75 22.5

Catch rate
Mgmt. area Stratum Site type Pot lifts (N) (kg.pot?) s.e. c.v. (%)
Closed Overall Fixed 234 0.33 0.05 14.3
Fished Overall Fixed 144 1.87 0.32 17.1
Closed-Fished Overall Fixed 378 0.86 0.11 13.3
2004 survey (trip code |hr0401)

Catch rate
Region Stratum Site type Pot lifts (N) (kg.pot?) s.e. c.v. (%)
All strata
QCH 1 Fixed 36 0.21 0.09 43.9
QCH 2 Fixed 36 0.33 0.10 31.3
QCH 3 Fixed 36 1.08 0.49 45.1
PEL 4 Fixed 45 1.84 0.26 14.2
PEL 5 Fixed 72 0.47 0.10 20.5
DUR 6 Fixed 108 2.83 0.53 18.8
PEL 7 Fixed 27 0.09 0.02 23.8
PEL 8 Fixed 45 0.22 0.12 52.7
DUR 9 Fixed 90 2.80 0.51 18.1
SEPR 10 Fixed 90 0.02 0.01 71.0

Overall Fixed 585 1.07 0.10 9.7
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Appendix A3 —continued

Region

All strata (excl.

SEPR)
QCH
PEL

DUR

Mgmt. area

Closed

Fished

Closed-Fished

Outside

2007 survey (trip code lhr0701)

Region
All strata
QCH
QCH
QCH
PEL
PEL
DUR
PEL
PEL
DUR
SEPR

All strata (excl.

SEPR)
QCH
PEL

DUR

Stratum

Overall

Overall

Overall

Overall

Stratum

Overall

Overall

Overall

Overall

Stratum

© 0o ~NOOULD WN P

=
o

Overall

Overall

Overall

Overall

Overall

Site type

Fixed
Fixed
Fixed

Fixed

Site type

Fixed
Fixed
Fixed

Fixed

Site type

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Fixed

Fixed
Fixed
Fixed

Fixed

Pot lifts (N)

495
108
189

198

Pot lifts (N)
216

189
405

90

Pot lifts (N)

36
36
45
72
72
130
27
45
94
105
662

557
117
216

224

Catch rate
(kg.pot!)
1.10
0.52
0.59

2.82

Catch rate
(kg.pot!)

0.28
2.00
0.88

2.80

Catch rate
(kg.pot!)

0.00
0.19
1.91
2.42
0.46
2.37
0.11
0.21
4.57
0.04
1.30

1.33
0.63
0.71

3.42

S.e.

0.11

0.15

0.07

0.37

S.e.

0.05

0.28

0.10

0.51

S.e.

0.00
0.06
0.47
0.34
0.14
0.43
0.05
0.12
0.57
0.03
0.10

0.10

0.13

0.09

0.35

C.V.

C.V.

C.V.

NA

(%)

9.7
28.4
11.2

131

(%)

16.4
13.9
115

18.1

(%)

33.1
24.9
14.2
30.6
18.2
51.1
57.1
125
67.7

7.8

7.8
21.3
12.3

10.3
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Appendix A3 — continued

Mgmt. area Stratum
Closed overall
Fished Overall

Closed-Fished Overall

Outside (stratum 9
only) Overall

Outside (incl.
CKST 2008 strata) Overall

Site type

Fixed
Fixed

Fixed

Fixed

Fixed

Pot lifts (N)
216

247

463

94

292

Catch rate
(kg.poth) s.e. c.v. (%)
0.21 0.04 19.6
2.23 0.25 11.2
0.91 0.09 10.0

4.57 0.57 12.50842

3.01 0.32 10.6
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Appendix B. Catch-at-length and catch-at-age by maagement area (closed, fished, closed-
fished and outside) for historical surveys of Marlmrough Sounds (2001, 2004, 2007, and 2008).

2001 Closed area

Total Total
0.12 200 0.4 = 200
N=527 N=241
Mean=26.3 Mean=4.8
MWCV=30 F150 0.3 MWCV=19 150
0.087
j\ [F100 0.2 I-100
0.04
F50 0.1 50
| Mo N
O - T T T T T T 2 O O - T T T T T T - O
0 10 20 30 40 50 60 0 5 10 15 20 25 30
Male Male
0.12 200 0.4 200
N=317 N=135
) Mean=28 Mean=5.1 =
> MWCV=37.1 Fiso 0.3 MWCV=25.3 ST
o 0087 -
(@] (@]
< [F100 0.2 I-100 =
? =
o 004 i | i g
= 50 0.1 50 5
s il 1=
. 9 O - T T T T T T 2 O O - T T T T T T - O . 2
= &)
o 0 10 20 30 40 50 60 0 5 10 15 20 25 30 =
=3 )
o Female Female S
o o2 200 0.4 200 O
N=210 N=106
Mean=23.6 Mean=4.2
MWCV=43.1 F150 0.3 MWCV=29.8 150
0.08 .
[F100 0.2 I-100
0.04
F50 0.1 50
i n_ L e |
O T T T T T T 0 O T T T T T T 0
0 10 20 30 40 50 60 0 5 10 15 20 25 30
= 100 100
c
(] £
% 80 L) 80
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> -~~~ Female
=
8 40 40
=]
S
S 20 20
O
0 T T T T T 0 T
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Length (cm) Age (years)

Appendix B1l: Scaled length frequency, age frequengyand cumulative distributions for total, male, and
female blue cod for all strata (1, 2, 5, 7, and &ombined in the closed management area (fixed sijefor
the 2001 Marlborough Sounds survey. N, sample siZz@WCV, mean weighted coefficient of variation.
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2001 Fished area

Total Total
0.12 200 0.3 200
N=1269 N=292
Mean=28.3 M Mean=6.5
Ul Mwev=19.5 L 150 MWCV=21 k150
0.08 0.2
100 100
0.04 0.1
50 50
patal "/
0-I T T T T — T -0 0- T T T T T T -0
0 10 20 30 40 50 60 0 5 10 15 20 25 30
Male Male
0.12 200 0.3 200
N=714 N=173
) Mean=29.8 Mean=6.5 =
= MWCV=26.9 k150 MWCV=25.1 Fiso S
o 0.087 0.2 c
o o
< I-100 I-100 =
2 5
4 4 [
o 004 0.1 N
- IFs0 IFs0 —
T o
-
g c
9 0- = Fo 0+ Fo Q0
t T T T T T T T T T T T T O
o 0 10 20 30 40 50 60 0 5 10 15 20 25 30 =
8— )
o
= Female Female
o o012 200 0.3 200 O
N=555 N=119
Mean=26.4 Mean=6.5
MWCV=27.2 b 150 MWCV=37.4 b 150
0.087 0.2
100 100
0.04 0.1
50 50
m
0-I T T T T T -0 0- T T T T T T -0
0 10 20 30 40 50 60 0 5 10 15 20 25 30
= 1001 _e--== 100
c
]
g 80 h 80
o — Touwl —_ Total
) 60 - Male 60 - Male
> ~ T~ Female ~7° Female
=
S 40 o 40
S
1S
S 20 20
)
0 T T T T T 0 T T T T T
0 10 20 30 40 50 60 0 5 10 15 20 25 30

Length (cm)

Age (years)

Appendix B2: Scaled length frequency, age frequengyand cumulative distributions for total, male, and
female blue cod for all strata (3, 4, and 6) combgd in the fished management areas (fixed sites) fohne
2001 Marlborough Sounds survey. N, sample size; M@V, mean weighted coefficient of variation.
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2001 Closed_Fished area

Length (cm)

Age (years)

Total Total
0.12 200 0.3 200
_ N=1796 N=533
H Mean=27.6 — Mean=5.9
MWCV=17 150 MWCV=18 150
0.08 1 0.2
100 100
0.047 0.1
IFs0 IFs0
=l ~1
0-I T T T T — T -0 0- T T T T T T -0
0 10 20 30 40 50 60 0 5 10 15 20 25 30
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0.12 200 0.3 200
N=1031 N=308
o) Mean=29.2 Mean=6 —_
(=}
2 MWCV=22.4 Liso MWCV=22.5 F150 S
o 0.087 0.2 c
o o
< I-100 I-100 =
2 5
i . ©
o 004 0.1 N
- IFs0 IFs0 —
T o
-
c c
g 0-I T T T T — T -0 0- T T T T T T -0 '8
o 0 10 20 30 40 50 60 0 5 10 15 20 25 30 =
8— )
o
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o o012 200 0.3 200 O
N=765 N=225
Mean=25.5 Mean=5.8
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0.087 0.2
100 100
0.04 0.1
50 50
0-I T T T T T -0 0- T T T D T T T -0
0 10 20 30 40 50 60 0 5 10 15 20 25 30
= 100 e 100 -
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]
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S 20 20
)
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Appendix B3: Scaled length frequency, age frequengyand cumulative distributions for total, male, and
female blue cod for all strata (1 to 8) combined itthe closed-fished management area (fixed sites) fihe
2001 Marlborough Sounds survey. N, sample size; M@BV, mean weighted coefficient of variation.

Ministry for Primary Industries Marlborough Sounds blue cod 2010 « 115



Management area (2001 survey)

Total Total
100 100
80 ] 80 ]
60 60
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Appendix B4: Cumulative distributions of scaled lemgth and age frequencies for total, male and female
blue cod by management areas surveyed on the 200-aNborough Sounds blue cod potting survey.
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2004 Closed area
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Appendix B5: Scaled length frequency, age frequengyand cumulative distributions for total, male, and
female blue cod for all strata (1, 2, 5, 7, and &ombined in the closed management area (fixed sijefor
the 2004 Marlborough Sounds survey. N, sample siZz@WCV, mean weighted coefficient of variation.
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2004 Fished area
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Appendix B6: Scaled length frequency, age frequengyand cumulative distributions for total, male, and
female blue cod for all strata (3, 4, and 6) combgd in the fished management areas (fixed sites) folne
2004 Marlborough Sounds survey. N, sample size; M@V, mean weighted coefficient of variation.
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2004 Closed-Fished area
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Appendix B7: Scaled length frequency, age frequengyand cumulative distributions for total, male, and
female blue cod for all strata (1 to 8) combined itthe closed-fished management area (fixed sites) fihe
2004 Marlborough Sounds survey. N, sample size; MWA, mean weighted coefficient of variation.
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2004 Outside area
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Appendix B8: Scaled length frequency, age frequengcyand cumulative distributions for total, male, and
female blue cod for all strata (1 to 8) combined ithe outside management area (fixed sites) for tH2004
Marlborough Sounds survey. N, sample size; MWCV, man weighted coefficient of variation.
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Management area (2004 survey)
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Appendix B9: Cumulative distributions of scaled leigth and age frequencies for total, male and female
blue cod by management areas surveyed on the 2004aNborough Sounds blue cod potting survey.
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2007 Closed area
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Appendix B10: Scaled length frequency, age frequepcand cumulative distributions for total, male, ard
female blue cod for all strata (1, 2, 5, 7, and &ombined in the closed management area (fixed sijefor
the 2007 Marlborough Sounds survey. N, sample siZzWCV, mean weighted coefficient of variation.
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2007 Fished area
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Appendix B11: Scaled length frequency, age frequepcand cumulative distributions for total, male, ard
female blue cod for all strata (3, 4, and 6) combgd in the fished management areas (fixed sites) folne
2007 Marlborough Sounds survey. N, sample size; M@V, mean weighted coefficient of variation.
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2007 Closed-Fished area
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Appendix B12: Scaled length frequency, age frequepcand cumulative distributions for total, male, ard
female blue cod for all strata (1 to 8) combined itthe closed-fished management area (fixed sitesy fihe
2007 Marlborough Sounds survey. N, sample size; MWA, mean weighted coefficient of variation.
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2007_2008 Outside area
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Appendix B13: Scaled length frequency, age frequepcand cumulative distributions for total, male, ard
female blue cod for the outside management area. EBa are from stratum 9 (DURW) from the
Marlborough Sounds 2007 survey and strata 11 to 18om to 2008 Cook Strait (fixed sites). N, sample
size; MWCV, mean weighted coefficient of variation.
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Management area (2007 survey)
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Appendix B14: Cumulative distributions of scaled lagth and age frequencies for total, male and female
blue cod by management areas surveyed on the 200@Nborough Sounds blue cod potting survey.
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Appendix C: Cumulative distributions of scaled lengh and age frequencies for total, male, and
female blue cod by management area for the 2001, @9 2007, 2008, and 2010 Marlborough
Sounds blue cod potting surveys.
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Appendix C1: Cumulative distributions of scaled legth and age frequencies for total, male and female

blue cod for the closed management area for Marlbaugh Sounds blue cod potting survey in 2001, 2004,
2007 and 2010.
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Fished area
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Appendix C2: Cumulative distributions of scaled legth and age frequencies for total, male and female
blue cod for the fished management area for Marlbasugh Sounds blue cod potting survey in 2001, 2004,
2007, and 2010.
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Appendix C3: Cumulative distributions of scaled legth and age frequencies for total, male and female
blue cod for the closed-fished management area fédarlborough Sounds blue cod potting survey in 2001,
2004, 2007, and 2010.
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Outside area
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Appendix C4: Cumulative distributions of scaled legth and age frequencies for total, male and female
blue cod for the outside management area for Marlb@mugh Sounds blue cod potting surveys in 2004,
2007, and 2010. In 2004 outside includes data frostratum 9 (DURW), and in 2007 from DURW in 2007
and strata 11 to 13 from the 2008 Cook Strait surwe(fixed sites).
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Appendix D: Z estimates and SPR results for histodal Marlborough Sounds surveys 2001,
2004, and 2007 by region and management area.

Appendix D1: Total mortality estimates ) and 95% confidence intervals (Cl) of blue cod fr;m each
region surveyed in the 2001 Marlborough Sounds pdtig survey. AgeR, age at full recruitment.

Region ageR Z lowerCl  upperCl
D’Urville 5 0.35 0.24 0.49
6 0.48 0.32 0.66

7 0.64 0.43 0.88

8 0.55 0.34 0.85

9 0.48 0.29 0.74

10 0.59 0.33 0.94

Pelorus 5 0.91 0.6 1.27
6 0.86 0.5 1.3

7 0.89 0.47 1.46

8 0.5 0.22 1

9 0.56 0.22 1.01

10 0.33 0.11 0.68
Queen Charlotte 5 0.81 0.53 1.12
6 0.56 0.34 0.84

7 0.44 0.27 0.67

8 0.44 0.26 0.66

9 0.48 0.27 0.78

10 0.55 0.27 0.94

Appendix D2: Total mortality estimates ) and 95% confidence intervals (Cl) of blue cod fr;m each
region surveyed in the 2004 Marlborough Sounds pdtig survey. AgeR, age at full recruitment.

Region ageR Z lowerCl  upperCl
D'Urville 5 0.39 0.28 0.52
6 0.54 0.38 0.75

7 0.57 0.39 0.8

8 0.67 0.44 0.93

9 0.57 0.34 0.84

10 1.01 0.52 1.59

Pelorus 5 0.72 0.48 1
6 0.82 0.51 1.21

7 11 0.65 1.74

8 1.15 0.53 2.33

9 0.63 0.22 141

10 0.5 0.15 1.16
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Appendix D2 —continued

Queen Charlotte 5 0.62 0.41 0.89
6 0.84 0.53 1.21
7 1 0.59 1.6
8 1.02 0.49 1.82
9 0.75 0.29 1.69
10 1.44 0.56 1.91

Appendix D3: Total mortality estimates ) and 95% confidence intervals (Cl) of blue cod frm each
region surveyed in the 2007 Marlborough Sounds patig survey. AgeR, age at full recruitment.

Region ageR Z lowerCl  upperCl
D’Urville 5 0.84 0.58 1.14
6 0.89 0.6 1.26
7 0.85 0.57 1.2
8 0.85 0.51 1.27
9 0.93 0.52 1.43
10 1.31 0.57 2.25
Pelorus 5 0.67 0.46 0.92
6 0.75 0.49 1.05
7 0.76 0.46 1.11
8 0.8 0.45 1.26
9 1.07 0.48 1.76
10 2.21 1.03 2.54
Queen Charlotte 5 0.77 0.51 1.08
6 0.96 0.6 1.39
7 1.05 0.6 1.65
8 1.67 0.77 2.29
9 1.21 0.44 1.7

132 « Marlborough Sounds blue cod 2010 Ministry for Primary Industries



Appendix D4: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspry,) €Stimates at three
values of M for each region surveyed in the 2001 Miborough Sounds survey F, fishing mortality; M,

natural mortality; Z, total mortality. AgeR = 6.

Region M
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0.14
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Appendix D5: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspry) €Stimates at three
values of M for each region surveyed in the 2004 Marlborough @&inds survey.F, fishing mortality; M,

natural mortality; Z, total mortality. AgeR = 6.
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Appendix D6: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspry) €Stimates at three
values of M for each region surveyed in the 2007 Marlborough &inds survey.F, fishing mortality; M,

natural mortality; Z, total mortality. AgeR = 6.
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Appendix D7: Total mortality estimates ) and 95% confidence intervals (Cl) of blue cod frm each
management area surveyed in the 2001 Marlborough 8ads potting survey. AgeR, age at full

recruitment.
Management area ageR

Closed 5

© 00 N O

10

Fished 5

© 00 N O

10

Closed-Fished 5

© 00 N O

10

z

0.88
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0.48
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0.54
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0.58

0.4
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0.24
0.23

0.28
0.34
0.43
0.35

0.3
0.33

0.33
0.35
0.41
0.35

0.3
0.34

uppercCl

1.24

0.95
0.76
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1.1

0.56

0.69
0.9
0.8

0.69
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0.7
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Appendix D8: Total mortality estimates ) and 95% confidence intervals (Cl) of blue cod frm each
management area surveyed in the 2004 Marlborough 8ads potting survey. AgeR, age at full
recruitment.

Management area ageR Z lowerCl  upperCl
Closed 5 0.69 0.46 0.98
6 0.88 0.53 1.26
7 1.08 0.57 1.8
8 0.88 0.35 1.89
9 0.54 0.18 1.4
10 1.16 0.44 1.71
Fished 5 0.46 0.32 0.61
6 0.61 0.42 0.83
7 0.63 0.43 0.87
8 0.69 0.47 0.97
9 0.57 0.35 0.84
10 0.94 0.53 1.54
Closed-Fished 5 0.51 0.35 0.69
6 0.65 0.45 0.91
7 0.69 0.45 0.95
8 0.71 0.46 1.02
9 0.57 0.35 0.85
10 0.96 0.49 1.66
Outside 5 0.39 0.27 0.53
6 0.54 0.38 0.74
7 0.62 0.41 0.88
8 0.78 0.48 1.17
9 0.63 0.37 0.98
10 1.17 0.54 1.89

Appendix D9: Total mortality estimates ) and 95% confidence intervals (Cl) of blue cod frm each
management area surveyed in the 2007 Marlborough 8ads potting survey. AgeR, age at full
recruitment. Outside includes strata 11 to 13 surweed in the 2008 Cook Strait survey.

Management area ageR Z lowerCl  upperCl
Closed 5 0.86 0.57 1.19
6 0.97 0.62 1.42

7 0.9 0.55 1.34

8 0.9 0.49 1.54

9 0.98 0.43 2.09
10 1.69 0.73 2.14
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Appendix D9 —continued

Management area ageR Z lowerCl  upperCl
Fished 5 0.72 0.51 0.99
6 0.83 0.57 1.13
7 0.87 0.57 1.21
8 1.02 0.64 1.56
9 1.08 0.58 1.69
10 1.68 0.71 2.24
Closed-Fished 5 0.75 0.52 1.02
6 0.86 0.58 1.19
7 0.88 0.58 1.2
8 0.99 0.61 1.53
9 1.06 0.54 1.73
10 1.68 0.72 2.26
Outside 5 0.55 0.39 0.76
6 0.57 0.4 0.77
7 0.55 0.38 0.75
8 0.53 0.36 0.72
9 0.55 0.37 0.78
10 0.58 0.36 0.83

Appendix D10: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspry,) €Stimates at three
values of M for each management area surveyed in the 2001 Madrough Sounds survey.F, fishing
mortality; M, natural mortality; Z, total mortality. AgeR = 6.

Management area M Z F Foespr
Closed 0.11 0.64 0.53 Fi2.9%
0.14 0.64 0.5 Fis.0%
0.17 0.64 0.47 F23.6%
Fished 0.11 0.49 0.38 Fi6.3%
0.14 0.49 0.35 F22.7%
0.17 0.49 0.32 F29.6%
Closed-fished 0.11 0.51 0.4 Fi5.79
0.14 0.51 0.37 F21.0%
0.17 0.51 0.34 Fas.5%
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Appendix D11: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspry,) €Stimates at three
values of M for each management area surveyed in the 2004 Madrough Sounds survey.F, fishing
mortality; M, natural mortality; Z, total mortality. AgeR = 6.

Management area M Z F Foospr
Closed 0.11 0.88 0.77 F10.20%
0.14 0.88 0.74 Fia.3%
0.17 0.88 0.71 Fis.0%
Fished 0.11 0.61 0.5 Fi3.4%
0.14 0.61 0.47 Fis.7%
0.17 0.61 0.44 F2a.5%
Closed-fished 0.11 0.65 0.54 F1279
0.14 0.65 0.51 Fi7.8%
0.17 0.65 0.48 F23.3%
Outside 0.11 0.54 0.43 F1a.9%
0.14 0.54 0.4 F20.8%
0.17 0.54 0.37 F27.1%

Appendix D12: Mortality parameters (Z, F, and M) and Spawner-per-recruit (Fspry,) €Stimates at three
values of M for each management area surveyed in the 2007 Madrough Sounds survey.F, fishing

mortality; M, natural mortality; Z, total mortality. AgeR = 6. Outside includes stréa 11 to 13 surveyed in
the 2008 Cook Strait survey.

Management area M Z F Foespr
Closed 0.11 0.97 0.86 Fo.6%
0.14 0.97 0.83 Fi3.5%
0.17 0.97 0.8 Fi7.8%
Fished 0.11 0.83 0.72 F10.6%
0.14 0.83 0.69 Fia.0%
0.17 0.83 0.66 F1o.6%
Closed-fished 0.11 0.86 0.75 F10.49%
0.14 0.86 0.72 Fia.6%
0.17 0.86 0.69 Fio.1%
Outside 0.11 0.57 0.46 Fi4.7%
0.14 0.57 0.43 Fio.8%
0.17 0.57 0.4 F25.0%
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