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EXECUTIVE SUMMARY

Stevens, DW. O6 Dr i s ¢ pDuhn, M.RR .Bdllara, SL.; Horn, P.L. (2012). Trawl survey of
hoki and middle depth speciesn the Chatham Rise, January 2011(TAN 1101).

New Zealandrisheries Assessment Report 2010. 98 p.

The twentiethtrawl survey in a time series to estimate the relative biomass of hoki and other middle
depth species on the Chatham Rise vaasied outfrom 2 to 28 &Anuary 2011A random stratified
sampling designvas used, andl14 bottom trawl stations were successfully completeohprisingof

88 core Q0G' 800 m) phase one biomass statip@score phase two station83 deep(800' 1300 m)
stations andl deep phase twstation

The estimate of rative core biomass of all hoki wa83 904 t (c.v. 14.0%) a decrease 08.7% from
January 2010This waslargely driven bya derease irrecuitedhoki (3+ and olderfrom 49 585t in
2010 t040 697t in 2011 The relative biomass of hakelecreased byg5.4% to 1099 {c.v. 14.9%)in
2011 Therelative biomass of ling wag027t (c.v. 13.8%) 21% lower than in January 201but the
time-series for lingshows no overall trend.

The 2009 hoki yeatlass at age+lappears to batove averagin biomasswhile the 2008 yeatlass at
age 2+ looks to be averagethetrawl time seriesThe aje frequency distributiofor hakewasbroad,
with a peak of younger fish from age$ &years suggestinga pulse of recent recruitmerthe age
distribution for ling was broad, witmost fish aged between 3 andykars

Due to loss of time early in the survey, the southern deep strata (strata 25 and 28) were dropped. The
estimatedelative biomass of orange roughy in core strata and northeqm stesta was 7537 t, a 72%
increase from 2010. However, precision was poor (c.v. 60.0%), and the increase was largely dueto a 3t
catch on the northwest Chatham Rise.

Acoustic data were also collected during the trawl survey. Acoustic indices of nagpopidh
abundance on the Chatham Rise in 2011 were the lowest in thedifee going back to 2001. The low
acoustic estimate in 2011 was due to the absence of strong daytime mesopelagic marks between 300 and
500 m, particularly on the south ChathameRiBotal acoustic backscatter observed at night did not show

the same decline. Comparison with results from earlier surveys is confounded because there was
relatively little good quality acoustic data available from the southeast Chatham Rise in 2@ifahre t
weather conditions. Therefore it is uncertain whether the apparent decline in mesopelagic indices in
2011 was related to sample availability (i.e., station locations), or to changes in the species composition,
distribution, or abundance of key mestggic species. As in previous surveys, there was a weak positive
correlation between acoustic density from bottom marks and trawl catch rates in 2011.
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1. INTRODUCTION

In January 201, the twentiethin a time series of annual random trawl surveys tonest relative
abundance indices for hoki and a range of other middle depth specitee Chatham Riseas
completed. This and all previous surveys indbges were carried out froRV Tangaroaand form the
most comprehensive time seriesrefative species abundancat water depths of 200 to 800 m in New
Zealand s -rRil®é &xclusive Economic Zone. The surveys follawandom stratified design, with
stratification by depthlongitude and latitudeacross the Chatham Rise to ensure full coverage of the
area

Previous surveys in this time senigeredocumented by Horn (1994a, 1994b), Schofield & Horn (1994),
Schofield & Livingston (1995, 1996, 1997), Bagley & Hurst (1998), Bagley & Livingston (2000),
Stevens et al. (2001, 2002008, 2008, 2009h 201)), Stevens & Livingston (2003), Livingston et al.

(2004) Livingston & Stevens (2006and St evens & (2a0§ R00Y. Srerwd ihrelative

biomass and changes in catch and age distribution of 31 species from survéga99re reviewed

by Livingstonet al. (2002)Relativebiomass trends and spatial and depth distributions of 142 species

or groups from survey?0022 01 0 wer e r evi e we20llbh @f th® pribrityisgecies,| | et
the relative biomass of hoki decreagein the middlepart of the time series busubsequently
incresed, hake showed significant decrease over the time series, and simgwed no clear trend

over the time series.

The 2011survey results presented here continue the Chatham Rise trawl survey series as part of a long
term research programme to estimateréiativeabundance of hoki and other middle depth species for
stock assessmerithe survey covers the princigahenile stocks of hoki, believed to derive from both
western and eastern spawning stocks. It alsoes@wlder hoki that form part of the eastern stock
spawning in Cook Strait and off the east coast South Island. Although older hoki also occur over
deepwater and in association wliilis, such as the Andes complex east of the Chatham(Ridgegston

et d. 2004) the survey is treated as representative of the eastern adult Atogkell asrelative
abundane, the survey provided fisheirydependent data on the population size structunmidlle

depth speciesand their catch distribution across the ChathRise. Otoliths from a range Qfuota
Management Syster@MS) species were collected for ageing and use ik stsgessments

Since 2010, the Chatham Riserveyhas been extenddd deeper waters (to 1300 metres) to provide
fishery independenelative abundance indices for a wider range of species, includingprait (20 30

cm) and dispersed adult orange roughy, and black and smooth oreos, as well as providing improved
information for species like ribaldo and pale ghostshark, which are known to @eeper than the
historicsurvey depth boundary (800 m).

Acoustic datavererecorded during trawls and while steamimgfween stations on all trawl surveys

on the Chatham Rise since 1995, except for 2004. Data from previous surveys were analysed to
decri be mark types (Cordue et al. 1998, Bul | 200
& O6Driscoll 2006, 2007, Stevens et al . 2008, 2
of acoustic vulnerability to trawl catchability for hakin d ot her species (O6Dri sc
to estimate abundance of mesopelagic fish (McClatchie & Dunford 2003, McClatchie et al. 2005,

O6 Dr iesa. @d09Stevens et al. 2009b, 2011). Acoustic data also provide qualitative information

on the amont of backscatter that is not available to the bottom trawl, either off the bottom, or over

areas of foul ground.

Other work carried out concurrently with theawl survey includedsampling and preservatioof
unidentified organismsatightin the trawl
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1.1 Project objectives

The trawl survey was carried out under contract to the Ministry of FisHerigigect HOK20G/02C).
The specific objectivefor the project were as follows.

1. To continue the time series of relative abundance indices ofiteethoki (eastern stock) and
other middle depth species on the Chatham Rise using trawl surveys and to determine the
relative year class strengths of juvenile hoki (1, 2 and 3 year olds), with target c.v.%6ff20
the number of 2 year olds.

2. To deermine the population proportions at age for hoki on the Chatligen R

3. To collect acoustic and related data during the trawl survey.
4. To sample deeper strata for orange roughy using a random trawl! survey design.
5. To collect and preserve specimefisinidentified organisms taken during the trawl survey, and

identify them later ashore

2. METHODS
2.1 Survey area and design

As in previous years, the survey followed a {phase random design (afteranés 1984). The main

survey area 0200800 m depth (Figure ) was divided into the sam26 strata used in 20020

(Livingston et al. 2004Livingston & Stevens 20Q05tevens &0 6 D r i 2006 @007, Stevens et al.

2008 2009, b 201)). Station allocation for phase 1 was determined from simulatiassdoon catch

rates from all previous Chatham Rise trawl surveys (12320), usingt he 6al | ocated proc
et al.(2000) as modified by Francis (2008his procedure estimates the optimal number of stations to

be allocated in each stratum to iesle theMinistry of Fisheriegarget c.vof 20% for 2+hoki, and c.v.s

of 15% for total hoki and 20% for hakéhe initial allocation oB8 stations in phase 1 (Tablegs the

sameasthat used in th@010survey,when the c.v. for 2+ hoki was 134 (Stevenst al. 201). Phase 2
stationswereallocated at sedargelyto improvethec.v. for 1+ hoki

As in 2010, the survey area was extended to 1300 m. $trdtee southwest Chatham Rise (strata 26,
27, and 29)were excludeddue to limited time anthrge steaming distanceBhe station allocation for
the deep strata was determirmbed on catch rates of orange roughy from the 2010 pilot swisieg

t h allocadt® pr o g(Franamm2H06)0 estimatethe optimal number of statiorger stratum to
achieve a target c.v. of 15% for both total orange roughy and orange roughy less tharT Béremas

no allowance for phase 2 trawling in deeper stiditae of the planned 32 deep tows were not completed
because strata 25 and 28 were dropped due tofaicke.

2.2 Vessel and gear specifications

Tangaroais a purposduilt, research stern trawler of 70 m overall length, a beam of 14 m, 3000 kW
(4000 hp) of power, and a gross tonnage of 2282 t.

The bottom trawl was the same as that used on presiousys of middle depth species Tgngaroa.

The net isan eightseam hoki bottom trawl with 100 m sweeps, 50 m bridles, 12 m backstrops, 58.8 m
groundrope, 45 m headline, and 60 mm codend mesh (see Hurst & Bagley (1994) for net plan and
rigging details). The trawl doors were Super Vee type with an area of 6.1Measurements of
doorspread (from a Scanmar 400 system) and headline height (from a Furuno net monitor) were recorded
every 5 mimitesduring each tow and average values calculated.
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2.3 Trawling procedure

Trawling followed the standardised procedures described by Hurst et al. (1992). Station positions were
selected randomly before the voyage using the Random Stations Generation Program (Version 1.6)
developed at NIWA, WellingtonTo maximise the aount of time spentrawling in the deep strata

(800 1300 m)at night the time spent searching for suitable core {800 m)tows at night was reduced
significantly by using the neardshown successful tow position to the random statiGare had tde

taken to ensure that the survey tows were at least 3 n. miles Bpadeep stratahérewas often
insufficient bathymetric data anfigw known tow positionssothese towgollowed the standardurvey
methodologydescribed by Hrst et al. (1992)If a stdion was found to be on foul ground, a search was
made for suitable ground within 3 n. miles of the station position. If no suitable ground could be found,
the station was abandoned and another random position was subgitwecsbiomassovs were carrig

out during daylight hours (as defined by Huestal. (1992), with all trawling between %12 h and

1833h NZST.

At each station the trawl was towed for 3 n. miles at a speed over the ground of 3.5 knots. If foul ground
was encountered, or the tow hedilearly due to reducing daylight, the tow was included as valid only if

at least 2 n. milewascovered. If time ran short at the end of the day and it was ndbleogsreach the

last stationthe vesseheadd towards thaext station and the trawl ge was shot in time to ensure
completion of the tow by sunset, as long @%%f thesteaming distance to the naxation was covered

Towing speed and gear configuration were maintained as constant as possible during the survey,
following the guidelinegjiven by Hurset al.(1992). The average speed over the ground was calculated
from readings taken every 5 min during the tow.

2.4 Acoustic data collection

Acoustic data were collected during trawling and while steaming between trawl stations gbatid da
night) with theTangaroamulti-frequency (18, 38, 70, 120, and 200 kHz) Simrad EK60 echosounders
with hull-mounted transducers. All frequencies were regularly calibrated following standard
procedures (Foote et al. 1987), with the most recent catibran 27 January 2010 in Palliser Bay.
The system and calibration parameters are given in table 2 of Stevens et al. (2011).

2.5 Hydrology

Temperature and salinity data were collected using a calibrated Seabi8¥ SAicrocat CTD
datalogger mounted dhe headline of the trawl. Data were collected agé¢osdintervals throughout

the trawl, providing vertical profiles. Surface values were read off the vertical profile at the beginning of
each tow at a depth of about 5 m, which corresponded to thealepéhhull temperature sensor used in
previous surveys. Bottom values were abodin7 above the sbad (i.e., the height of the headline).

2.6 Catch and biological sampling

At each station all items in the catch were sorted into species and weighBdaway motion
compensating electronic scales accurate to ab@utgd Where possiblefish, squid, and crustaceans
were identified to species and other benthic fauna to species or family. Unidentified organisms were
collected and frozen at sea. Specimearestored at NIWA fotateridentification.

An approximately random sample of up to 200 individuals of each commaraiaome common nen
commercial species from every successful tow was measuredhensex determined. More detailed
biological dda were also collected on a subset of species and included fish weight, sex, gonaddtage,
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gonad weight. Otolithsvere taken from hake, hoki, atidg for age determinatiorAdditional data on
liver conditionwere also collected from a ssample of 20 bki by recording gutted and liver weights.

2.7 Estimation of relative biomass and length frequencies

Doorspread biomass was estimated by the swept area method of Francis (1981, 1989) using the formulae

in Vignaux (1994)as implemented in NIWA custom famare SurvCalc (Francis 2009iomass and

coefficient of variation (c.v.) were calculated by stratunifer2+, and 3++ (a plus group of hoki aged 3

years or more) age classes of hoki, andlf@rother keyspecies hake, ling, dark ghostshark, pale
ghodgshark, giant stargazer, lookdown dory, sea perch, silver warehou, spiny dogfish, and white warehou.
These species were selected because they are commercially important, and the trawl survey samples the
main part of their depth distributioBoorspread swa-area biomass and c.v.s were also calculayed

stratum fora subset 08 abundant deepwater species: orange roughy (fish less than 20 cm, fish less than

30 cm, and all fish), bl ack, smoot h, andandpi ky o
longnosed velvet dogdfish.

The catchability coefficient (an estimate of the proportion ofifighe path of the net which acaught)

is the product of vulnerability, vertical availability, and areal availability. These factors were set at 1 for
the analysis, the assumptions being that fish were randomly distributed over the bottom, that no fish were
present above the height of the headline, and that all fish within the pathrefthdoors were caught.

Scaled length frequencies were calculdtedhe major species witBurvCalg using lengthweight data
from this survey.

2.8 Estimation of numbers at age

Hoki, hake, and ling otoliths were prepared and aged using validated ageing methods (hoki, Horn &
Sullivan (1996) as modified by Cordueakt(2000); hake, Horn (1997); ling, Horn (1993)).

Subsamles of647 hoki otoliths ad 647 ling otoliths were selected from those collected during the trawl
survey. Subsamples were obtained by randomly seledtitighe from 1cm length bins coverindhé

bulk of the catch and then systematically selecting additional otoliths to ensure the tails of the length
distributions were represented. The numbers aged approximated the sample size necessary to produce
mean weighted c.v.s of less than 2686 hoki ard 30% for lingacross all age classes. AB9 hake
otolithscollectedwere read.

Numbersatage were calculated from observed length frequencies ardragl keys using customised

NIWA catchatage software (Bull & Dunn 2002fror hoki, this softwara | so appl i ed the
scoringo method of Franci s (n2&sirdmentdo impraves the u s e s
consistency of age estimation.

2.9 Acoustic data analysis

Acoustic analysis generally followed the methods applied to recenha@hdRise trawl surveys (e.g.,
Stevens & O6Driscoll 2007, Stevens et al . 2008,

(2011).

All acoustic recordings made during the trawl survey were visually examined. Marks were classified into
sevenmain categories based on the relative depth of the mark in the water column, mark orientation
(surface or bottomreferenced), mark structure (layers or schools) and the relative strength of tre mark
the five frequencies. Most of the analyses in tipsrieare based on the 38 kHz data as this frequency was
the only one available (along with uncalibrated 12 kHz data) for all previous surveys that used the old
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CREST acoustic system (Coombs et al. 2003). We did not attempt to do a full multifrequersig ahaly
mark types for this report. A more extensive analysis of these and other acoustic data from the Chatham
Rise is being carried out as part of a FRST programme (CO1X0501)

Descriptive statistics were produced on the frequency of occurrence of émedifferent mark types:

surface layers, pelagic layers, pelagic schools, pelagic clouds, bottom layers, bottom clouds, and bottom
schools. Brief descriptions of the mark types are provided in previous reports (e.g., Stevens et al. 2008,
2009a, 2009b, 20),1and an example multifrequency echogram is shown in Stevens et al. (2009b). Other
example (38 kHz) echograms may be found in Cord
2001b), and Stevens et al. (2008, 2§11

As part of the qualitative dedation, the quality of acoustic data recordings was subjectively classified as
6good?od, 6margi nal 6, or 6époord (see appendix 2 of
marginal quality recordings were considered suitable for quantitatgsian

2.9.1 Comparison of acoustics with bottom trawl catches

A quantitative analysis was carried out on daytime trawl and night steam recordings using custom Echo
Sounder Package (ESP2) software (McNeill 2001). Estimates of the mean acoustic tbagleckii

from bottom referenced marks (bottom layers, clouds, and schools) were calculated for each recording
based on integration heights of 10 m, 50 m, and 100 m above the detected acoustic bottom. Total acoustic
backscatter was also integrated thiramg the water column in 50 m depth bins. Acoustic density estimates
(backscatter per kinfrom bottomreferenced marks were compared with trawl catch rates (kg pefNan

attempt was made to scale acoustic estimates by target strength, correctréarcdifén catchability, or

carry out species decomposition (0O6Driscoll 2002,

2.9.2 Time-series of relative mesopelagic fish abundance
O6 Dr i s c o 113 developedl la time 6e2igs of relative abundance estimates for mesopelagic fish

on the Clatham Rise based on that component of the acoustic backscatter that migrates into the upper
200 m of the water column at night. Because some of the mesopelagic fish migrate very close to the

surface at night, t hey mov erthan 14om) whiere they are hoh c e 6 ¢
detectable by the ve s-maunta granstiacer.nGoaseqdently, aherk ismag h u
substantial negative bias in nightt me acoustic esti mates. To corre

(2009) used night estimaef demersal backscatter (which remains deeper than 200 m at night) to
correct daytime estimates of total backscatter.

We updated the mesopelagic time series to include data from 2011. The methods were the same as
those wused by 2008) andiSewwrs letlal. (B0L1). D4y .estirfates of total backscatter

were calculated using total mean area backscattering coefficients estimated from each trawl recording.
Night estimates of demersal backscatter were based on data recorded while steaming0@fveen

and 0500 h NZST. Acoustic data were stratified into four broaeasube as ( O6 D20i18.c o | | e
Stratum boundaries were:

Northwestt nor t h of 43A 30NjS and west of 177A 00NE;
Northeasi nort h of 43A 30NjS and east of 177A 00NE;
Southwest ssut h of 43A 30NjS and west of 177A 00NE;
Southeastsout h of 43A 30NjS and east of 177A 00N|E

The amount of mesopelagic backscatter at each day trawl station was estimated by multiplying the
total backscatter observed at the station by the estimatedripoopof nighttime backscatter in the

same sularea that was observed in the upper 200 m corrected for the estimated proportion in the
surface deadzone:

8eChatham Rise trawl survey TAN1101 Ministry of Agriculture and Forestry



sa(meso)i = p(meso)s * sa(all)i

where sa(meso)i is the estimated mesopelagic backscattetian stasa(all)i is the observed total
backscatter at station i, and p(meso)s is the estimated proportion of mesopelagic backscatter in the
same stratum s as station i. p(meso)s was calculated from the observed proportion-tirhaight
backscatter observead the upper 200 m in stratum s (p(200)s) and the estimated proportion of the
tot al backscatter in the surface dead00and psz.
was assumed to be the same for all years and strata:

p(meso)s = s+ p(200)s * (I psz)

3. RESULTS
3.1 2011 survey coverage

The trawl survey was successfully complefdte deepwater trawling objective meant that trawling was
carried out both day (core and some deep tows) and night (deep tows only). The |daiepwater

strata required some long steams between trawls and reduced time available to survey the ground before
trawling. Therefore known successtolw positions were used for all core biomass tows.

This was thdfirst Tangaroavoyageafter an extensve refit in Singapore from JulyNov 2010 and
considerable effort was put into making sure sh
trawl gear) were consistent with those used for previous surveys. Time was lost early in the voyage
due to opertional problems with ship electrical systems (a breaker was tripping during trawling).
There was also loss of time on 9 January due to broken wiodimggar on the port trawl winch. The

net monitor paravane flooded on 11 January and was replaced. Theereeht unit was faulty and

was not suitable for trawling in deep water, so two new units were picked up south of Cape Palliser
from RV lkatereon the night 17 January with no significant loss of survey tishing operations

only had to be suspended endor 6 hours on the night of 18 Januatyy,rough conditions (25

knot winds and 24 m swells)andfor much of the survepoor weathereduced vessel speed between
trawl survey stations.

Because of the cumulative loss of time during the first twokaexd the voyagehere wasconcern

that core survey objectives might not be met. After discussions with MFish, the two deep strata on the
southeast Chatham Rise (strata 25 and 28) were dropped. This decision ensured that all phase 1 tows
within the core (R0i 800 m) survey area were completed. Strata 25 artth28 beertess important

for orange roughy, with only 8% of the estimatethtiveorange biomass in these two strata in 2010.

In total 114 successful biomass towseve completed comprising 88&ore (200' 800 m) phase 1 tows, 2
corephase 2 station23 deep (8001300 m)phase ltows and one deep phase 2 t¢lables 1 an@,
Figure2, Appendix ). All 88 of theplanned core phadestations were completeBight core bottom
trawls wereexcluded fronrelative biomass calculationst tows came fastanother tow was hauled
early due to very high headline height and doorspread readings, i@ 3vere excluded due to
equipmentfailure (the net monitor anthe starboardvinch cable feeder failed). All dedpws were
successful, howevenjne of the planned 3@eep tows were not completex a result o$trata 25 and
28 beingdropped due to lack of time

Core sation density ranged from288 km?in stratum 17 (200400 m, Veryan Bank) to 3722km? in
straum 4 (600800 m, south Chatham Ris€eep station density ranged from 1:416 kmstratum 21a
(800 1000 m, NE Chatham Rise) to 1:19¢€ in stratum 21b (800L000 m,NE Chatham RiseMean
station density was 1584 kn’ (see Table 1).
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3.2 Gear performance

Gear parameters are summarised in Tabfeheadline heightaluewasobtained for allL14 successful
tows but doorspread readings were not availabld $dows, due to a combination of the Scanmar door
sensors not working and threet monitor notbeing used onotvs greater than 1000 m depMean
headine heighs ranged from 6.0 to 7.8, averaged 6.9 ngnd were consistent with previous surveys
and within the optimal range (Hurst et al. 199Pable 3). Mean doorspread measurements by 200 m
depthintervals ranged from 104.5 to 13%8 and averaged 125.9 m. This is théghest average
doorspread in the time series by 4(mO6 Dr i s ¢ 2011y, amtrefleats thehigher overall
doorspreads on this survey including 33 d&d metres(Table 3) andoutside the optimal range (Hurst
et al. 1992)The reason for these highdoarspread readings is unknown

3.3 Hydrology

Surface and bottom temperatures were recotdezlighout the survey from thee&ird CTD. The
surface temperatures (ftire 3, top panel) ranged fromi3.1to 17.9 °C. Bottom temperaresranged
from 3.2t0 11.3 °C (Figure3, bottom panel).

As in previous years, higher surface tenapares were associated with subtropicatev to the north.

Lower temperatures werassociated withSub-Antarctic water to the south. Higher bottom
temperatures were generally associated with shallower depths to the north of the Chatham Islands and
on andto the east of the Mernoo Bank.

3.4 Catch composition

The total catchHrom all 114 valid biomass stions was 130t, of which48.3t (37.3%6) was hoki,3.2t
(2.%%) wasling, and 0.7t (0.5%) was hake (Tabléd). Silver warehou wer caught in good numbers with
28.2 1 (21.80), including an 18 catch.Of the 274species or species groups identifeédseal28were
teleosts 35 wereelasmobranchs, wasanagnathan26 werecrustaceansand 15were cephalopods he
remainder consietl of assorted benthic and pelagic invertebratesull list of species caught, and the
number ofcorestations at which thegccurred, is given in Appendix Eighteenbenthic invertebrates
wereformally identified after the voyasy(Appendix 3.

3.5 Relative biomass estimates

Core strata (200/ 800 m)

Relativecorebiomasswasestimated for 41species (Tabld). The c.v.sachiesedfor hoki, hake and
ling from core stratavere 14.0%, 14.9%, and 18% respectively The c.v. for 2+ hoki (208 year
class)was #.1%, below the target c.v. of 20%High c.vs (over30%) generallyoccurred when
species were not well sampled by the géar examplealfonsino, silver warehquslender mackerel,
and arrow squidare not strictly demersaland exhibit strong schooling behavio@thers, such as
hapuku,tarakihi, and red codhave high c.\s becausdahey are mainly distributed outside tto®re
survey depth range.

The combinedelative biomass foithe top 31species irthe core stratdhat are trackedrém year to
yearwas lower thanin 2009and 2010, but still relatively higtFigure 4 top panél. As in previous
years, hoki was the mosburdant species caught (Table Bigure 4 lower panel)with a similar
relative biomass to 2010The relative biomassfor the 30 other key species w28% lwer thanin
2010. Silver warehou was a notable exception with a second successive redative biomass
estimatelargely due t@nl8t catch in stratum 1&outleast of the Mernoo Bar(kigure 5. The next
most abundant QMS species wdrkack oreo, spiny dogfishljng, dark ghostshark, sea perch,
lookdown dory, giant stargazer, and pale glsbstrkeach with an estimatecklativebiomass of over
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2000 t (Table4). The most abundant ndpMS species wereommon roughyjavelinfish, bigeye
rattail, banded bellowsfish, orange perandtwo saddle rattai{Table 4.

The estimate of rative biomass ofioki in the core stratavas93 904t, a 3.7% deceasdrom January
2010(Table5, Figure5). This wadlargely driven bya 17.% decrease imecruited hoki (3+ and older)

from 49585 t in 2010 to 4®97t in 2011(Table 6) However, he relative biomassof 1+ hoki (2009
yearclass)was higher than in 2010 and appears to be one of the stronger year classes in the time series.
The number of 2+ hoki (2008 yediass)was similar tolast yearTable §.

The relative biomass of hakin core strata decreased by 35.4%2011to 1099t, one of the lowest
estimates inhetime seriegsee Table SFigureb). There werano coretows to thenortheast oMernoo
Bank(stratum 18 where good catches of hakereobserved on the previous two surveys.

The relative biomass ofing was7 027t, 20.8% lower than in January 2010 he timeseries for ling
shows no overall trend (FiguBs.

The relative biomass afiant stargazeispiny dogfishand white warehoincreased from 201Qvhile
therelativebiomass oflark ghosshark lookdown dory pale ghosshark sea perchand white warehou
decreased (Figuré) .5STherelativebiomass estimate for silver warehigthigh but precision is low (c.v.
61.5%)due to one large catch of 18.3 t in stratunfHi§ureb).

Deep strata(800' 1300 m)

Relative biomasand c.v.svereestimated fod 9 of 41 core stratapecieghat were alsgaptured in deep
suwvey strataon the northern Chatham Ri§Eable 4. The deep strata were included into the survey
designprimarily to estimate theelativebiomassof juvenile and recruited orange roughy. The estimated
relative biomas®f orange roghy was 7 513 (c.v. 59.9%) which was65.0% of the total biomass for
core species in deep strata (TableTde c.v. forthe relative biomass afrange roughyn all stratain
2011was large compared g291Q when the c.v. @s16.6%, because of a single large catch (3 t) taken in
stratum 22. There was only enough time to complete a single phase 2 tow in 2&aamd this was
insufficient to reduce the c.v. target levels

The estimatedelative biomas®f snoothoreo in deep strata was 78t precision was poor with a
c.v. of 82.8%) Only 8% of therelative biomass o$piky oreoin all strataand 0.1% of theelative
biomass oblack orean all stratawereestimated to occur in the deep strata (Tabléldyvever, in the
2010 survey, 47% of theelative biomassof black oreowas from stratum 27an areawvhich was not
fishedduringt hi s y e aShdvednose dogfishemgabundant in the deep stratdth 25% of their
total surveyrelativebiomasdound in these strata (Tablg 4

The deep strata contained B&h®f total surveyhake biomassl.3% of total surveyhoki biomassand
0.3% of total surveyling biomass indicating that the core survey steatalikely to encompass the
majority of the population (Table)4

3.6 Catch distribution

Hoki

In the 2011survey, hoki were cauglat 89 of 90 core biomass stationayith the highest catch rates
mainly in shallow strata (20G100 m)on the westeriChathamRise (Table 7, Figure 6). The highest
individual catchrates of hoki in 2009ccurredonthe Reserve Bank in stratum 28nd comprisechainly
1+ (2009 year class)hoki (Figure 6). As in previous surveysl+ hoki were largely confined to the
Mernoog, Veryan,and Reserve Banks (Figu6a), while 2+ hoki werdound throughout much of the
Rise in particular the northern strata200 600 m depth (Figuréb). The distribution of 3++ hoki was
similar to that of 2+ fislfFigure6c).
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Hake

Catches of hake were castently low throughout much of the survey area. The highest catch rates were
west of the Mernoo Bank in stratum 7, and in the known hake spawning areaari@&and 10B.
Unlike 2009and 2010no random stations fell east of the Mernoo Bank in strathable 7 Figure 7)
where hake appear to spawn.

Ling

As in previous years,atches of ling werevenlydistributedthroughoutmost stratan the surveyarea
(Table7, Figure 8). The highest catclrates wereon the Reserve Bank (stratud®) and NW Chatam
Rise (stratum 7)Ling distributionwas reasonably consistent, and catch ttaws beemelatively stable
over the time serigigure8).

Other species

As with previous surveyspiny dogfishwere widely distribted throughout the survey arat200i 600

m depths(Table 7, Figure 9). Lookdown dory and ea perch were also widespread but wemsstm
abundantn theeast of the survey areand Reserve Bank (strata 19 and 28%pectively Dark ghost
sharkwere mainly caught in 20d00 m depthswhile pde ghostshark were mostly caught in deeper
water at 400800 m depthGiant stargazer weibundant irthe shallower strataf the survey areavith
the largest catastaken in stratum 18Mernoo Bank (Table 7). Silver warehou and white warehou
were patdily distributed at depths of 20600 m In 2011 there was darge catch of18t of silver
warehou in straturh8 (MernooBankK) (Figure9).

Orange roughy were widespread on the nortRisaat 800' 1300 m depthawith the largest catcbf 3 t
taken inonthe northwesernRisein stratum22 (Figure 9) The 3 t catch consisted of both juvenile and
adult orange roughy (Table 7). The s$pladistribution of black and smooth oreos wastieely patchy
compared to orange roughglthough the distribution ofhé former two species was incompletely
sampled because strata 25 and 28 were drofjigare 9) Black oreq predominantly juvenilesyere
almost entirelycaughton the soutiwestern rise at 60@00 m depthsin strata 4 and 6 (Table Tyhile
smooth oreaveremainly caughtin the same are@tratum 6)and on the nortwestern riseat 800' 1300

m depthgqstratum 23) Spiky oreo werenorewidespreacnd mostbundant on the northern rise in 600
800 m depthgstrata 2 and 1Q)Table 7, Figure 9)

3.7 Biological data

3.7.1 Species sampled

The number of species and the ten of samples fowhich length andengthweight data were
collected argjiven in TableB.

3.7.2 Length frequencies and age distributions

Lengthweight relationships used in tigurvCalcprogram to scale length frequenciasd calculate

relativebiomass and catch ratae given in Tabl®.

Hoki

The hoki length frequency (FigureDl was dominated bg+ (less tham8 cm) and2+ (48 62 cm) fish
(Figure 1). There were few hokonger than80 cm(Figure D) or older than agé (Figure 11). Female
hoki were slightly more abundant than malesi¢ of 1.10female : 1 male).
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Hake

Hake scaled length frequenciasd calculated numbers agea(Figures 2 and B) were relatively broad,
with mostmale fish aged between 3 and 9 years and female fish between 3 and 1Sigear2004 a
cohort of small fisthavemowvedthrough, which would be 9+ (2001 yedass) in2011.This yearclass
was notabundanin 2011 It is uncertain whethethis is due @ a real decline in the abundance of this
cohort ageing errgror the populatiomot beingwell sampled in 201TFemale hake weras abundant as
males (1.02 femalenale).

Ling

Ling scaled length frequencies and calculated nwsritesg€Figures # and15) were broad, withmost
fish agel between 3 and71 Therewasa period of goodecruitment during the 1980(Figure 5).
Ferale ling wereslightly lessabundant thamales 0.9female male.

Other species

Length frequency distributions féey coreand deepwater commercibecies are shown in Figuré. 1

Clear modes are apparent in the size distribution of silver warahduvhite warehgquwhich may
correspond to yearly cohortisength frequencies of lookdown dory, giant stargazer, spiny dogiigh,
darkand paleghostsharls indicate that females grow larger than malesngth frequencies of sea perch,
orange oughy, black oreo, smooth oreand spiky oreindicate that males and females grow to a similar
size.Because larger orange roughy are nmajvendant in deeper water, the inclusion of the -aestpr

strata allowed the main depth distribution of orange roughy to be sampled. Length frequency modes
were apparent in the length distribution for orange roughy, and possibly also smooth oreo, but are
unlikely to represent distinct year classes given the high longevity of these species. In contrast, the length
frequency distribution of black oreo was unimod&. with previous years, the catch of spiny dogfish
wasdominated by femaleS.8 female male) Sex ratios were about even for most other species (Figure
16).

3.7.3 Reproductive status

Gonad stages of hake, hoki, linend anumber ofotherspeciesare summarised in Tabl®.1All hoki

were recorded aither resting or immature. Abo®5% of maleling were maturingor ripe, but few
females were showing signs r&fproductive activitySimilarly 3% of male hake were ripe or running
ripe, but most females were resting @) o maturing 85%) (Table D). The majority of the other
species for which moductive state was recorded showed no sign of reproductive activity, the
exceptions being two saddle rattahd the occasional deepwater sididble 10).

3.8 Acoustic results

Over 78 GB of acoustic data were collected with the Amglitjuency (1838, 70, 120 and 200 kHz) hull
mounted EK60 systems during the trawl survey. Moderate to rough weather and sea conditions for much
of the survey meant that the quality of acoustic recordings was not as good as in some previous surveys,
but 77% of the 327 lés collected were still suitable for quantitative analysis. Twenty three of the 102
daytime trawl files were considered too poor to be analysed quantitatively.

Expanding symbol plots of the distribution of total acoustic backscatter from good andtedpaisy
recordings observed during daytime trawls and night transects are shéuguie 17 As noted by

O6 Dr i s c @ad11y, there is a donsistént spatial pattern in total backscatter, with higher backscatter
in the west. There were relativelgw trawl stations with acoustic data from the southeast Chatham Rise
in 2011 (sed-igurel7i only 13 acoustic datpoints in this stratum in 2011 compared té &2 points

from each of the surveys fro2®01 10) because of poor weather conditions whilestimgey was in this
region.
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3.8.1 Description of acoustic mark types

The frequency of occurrence of each of the seven mark categories is gihaldnil. Often several

types of mark were present in the same echogram. The percent occurrence of magkisfises on the
Chatham Rise in 2011 was generally similar to that observed in previous surveys, but a lower percentage
of bottom schools and layers and a higher percentage of bottom clouds were observed during the day in
2011 Table 1). Bottom clouds @ more diffuse and dispersed than bottom layers and the increase in
this mark type, along with a concurrent reduction in occurrence of bottom layers, may have been due to
the reduced acoustic density in bottoeferenced layers (see Sect®8.2 below).

Pelagic layers were the most common daytime mark type, occurring in 79% of day steam files and 71%

of day trawl files in 2011Table 1). Midwater trawling on previous Chatham Rise surveys suggests that
pelagic layers contain mesopelagic fish speciesh sag pearlsidesMaurolicus australiy and
lanternfishes riyctophid$ (McClatchie & Dunford 2003, Stevens et al. 2009a). These mesopelagic
species vertically migrate, rising in the water column and dispersing during the night, turning into
pdagic clouds ad surface layersSurface layers were observed in almost all (97%) night recordings and

most (70%) day echograms. Pelagic schools were observed in 32% of day steam files, 37% of day trawl
files, and 6% of night filesT@able 11). Cordue et al. (1998) sugn¢ ed t hat pel agi c sch
were associated with Rayb6s bream, but it is |ike
on which Raydéds bream feed. Trawling on Taunevoyage
2008 found thatmall pelagic schools were often dominated by the myctogkitibolophoruspp.

(Stéphane Gauthier, NIWA, pers. comm.)

Bottom layers were observed in 59% of day steam files, 50% of day trawl files, and 26% of night files
(Table 11). Like pelagic layers, bimm layers tended to disperse at night, to form bottom clouds. Bottom

layers and clouds were usually associated with a mix of demersal fish species, but probably also contain
mesopel agic species when these o0cewssofttnimxisgef t o t h
bottom layers and pelagic layers. Bottogferenced schools were present in only 5% of daytime (trawl

and steam) recordings in 2011, and were most abundantiid@Dén water depth. Bottom schools and

layers 1070 m off the bottom arsometimes associated with catches of 1+ and 2+ hoki, but also with

other species such as alfonsino and silver warehou (Stevens et al. 2008, 2009a, 2009b, 2011).

3.8.2 Comparison of acoustics with bottom trawl| catches

Acoustic data from 73 trawl files eve integrated and compared with trawl catch rafeblé R).

Data from the other 29 daytime trawl recordings were not included in the analysis because the
acoustic data were too noisy (23 files) or because the trawl was outside tI8®@00 core survey

area (6 files). Average acoustic backscatter values from be#tarenced marks and from the entire
water column in 2011 were the lowest in the tisegies stretching back to 200Iaple ). Average

trawl catch from the comparable tows in 2011 was aget than that in 206720, but higher than

the average catch rates in 200& (Table ). However the trawl catch in 2011 was driven up by two
large catches of silver warehou (tows 53 and 112), and the median trawl catch in 2011 was the second
lowest (afte 2008) in the timeseries

There was a weak positive correlation (Spear man
backscatter in the bottom 100 m during the day and trawl catch Fagesg 1§. In previous Chatham

Rise surveys from 20010, rank correlations between trawl catch rates and acoustic density estimates
ranged from 0.15 (in 2006) to 0.46 (in 2001). The weak correlation between acoustic backscatter and
trawl catch rates (Figur#8) arises because large catches are sometimes madethdre are only

weak marks observed acoustically, and conversely, relatively little is caught in some trawls where
dense marks are present. O 6-2fererced tayets on( tlleChatham s u g g
Rise may also contain a high proportionmfe sopel agi ¢ fAfeedd species,
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acoustic backscatter, but which are not sampled by the bottom trawl. Comparison of paired day and
night acoustic recordings from the same location indicates that, on avera§é%@bf the bottom

refererted backscatter observed during the day migrates more than 50 m away from the bottom at

ni ght, suggesting that this componentcombimednot de
with the diverse composition of demersal species present, meaiisishatlikely that acoustics will

provide an alternativeelativebiomass estimate for hoki on the Chatham Rise.

3.8.3 Time-series of relative mesopelagic fish abundance

In surveys from 200110, most acoustic backscatter was between 300 and 500 m dlajrig the

day, and migrated into the surface 200 m at night (e.g., pattern for 2010 in E¥yule 2011, there

was no strong daytime peak centred around 350 m, but there was a concentration of backscatter
between 150 and 350 m, and smaller peaksregrat around 550 and 750 m (Figut®). The
distribution of backscatter at night in 2011 was similar to the pattern observed in previous surveys,
with most backscatter in the upper 200 m (Figh8e

The vertically migrating component of acoustic backsr is assumed to be dominated by
mesopelagic fish (see McClatchfe Dunford, 2003 for rationale and caveats). In 2011, between 49
and 76% of the total backscatter in each of the fouasahs was in the upper 200 m at night and was
estimated to be fromertically migrating mesopelagic fisiéble 13). These percentages were similar

to those observed in 2010, but lower than in previous years, when up to 88% of the backscatter in
some areas was estimated to be from mesopelagicTidie( 13).

From 2001to 2010, day estimates of total acoustic backscatter over the Chatham Rise were
consistently higher than night estimates (Fige@ebecause of the movement of fish into the surface
deadzone (shallower than 14 m) fartthe first girhet nigfitO6 Dr i s
estimates were higher than day estimates (Fig0reDay estimates of total backscatter have declined

since 2009, but night estimates have been relatively consistent over the same period2(igure

O6 Dr i s c @?011Y centludeal that ch@nges in total backscatter are probably related to patterns

in mesopelagic fish abundance, rather than demersal fish abundance, but it is difficult to explain why
day estimates have declined in the last two years and night estimates hankes®there has been a
change in species composition and/or diel behaviour. Similarly, backscatter within 50 m of the bottom
during the day has decreased since the start of the time series, but backscatter close to the bottom at
nightwas about the santkroughout(Figure20).

The O6bestd estimate of mesopel agic fish abundan
total daytime backscatter by the estimated proportion of gt backscatter in the same sarea

that was observed in the upp&02m corrected for the estimated proportion in the surface deadzone.

This effectively subtracts backscatter which remains deeper than 200 m at night (i.e., the bathypelagic
and demer sal components) from day eg@lihmkhé es of
estimated acoustic indices calculated using this method are summariBablen¥ and plotted in

Figure 21 for the entire Chatham Rise and for the four-amms. Mesopelagic estimates from 2011

were the lowest in the tirrgeries for the ovell Chatham Rise and for three of the four subareas

(Table ¥). There were particularly large declines in daytime backscatter observed in the two southern
strata in 2011Table 4, Figure21).

Decreases in total acoustic backscatter during the dayTédge 2) and the derived mesopelagic
estimates (Figur21) in 2011 were due to the absence of strong daytime mesopelagic marks between
300 and 500 m (see Figui®), particularly on the southern Chatham Rise. When combined with the
relative lack of both aytime bottom layers and pelagic schools in 2011 Tsdxe 1), this suggests a

change in mesopelagic species composition on the south Chatham Rise compared to previous surveys.
However, comparison with results from earlier surveys is confounded beteusewas relatively

little good quality acoustic data available from the southeast Chatham Rise in 2011 due to poor
weather (see Figur®?). Therefore it is uncertain whether the apparent change in mesopelagic indices
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in 2011 was related to sample availapi(i.e., station locations), or to environmental conditions, a
change in seasonal patterns of distribution, or an actual change in abundance of key mesopelagic
species.

4. CONCLUSIONS

The 2011survey successfullgxtended the January Chatham Ris®tseries into itswentiethyear and
provided abundance indices for hoki, haked ling The survey c.vof 14.1% achieved for 2-hoki was

well belowthe target level of 209 he estimatedelative biomass of hokin all stratawas3.7% lower

than in2010, largely due to a decrease in thkative biomassef recruited hokiHowever, thel+ year

class 2009 yeaiclass) was higher than in 2010 and appears to be one of the stronger cohorts in the time
seriesThe 2+ yeaqclass (2008 yearlass) is similard last yearand about average in the time series.

The relative biomass of hake in core strata decreasedd9y B 2011to 1099t, which is one of the

lowest estimates in the time series. However there were no core tows to the northeast of Mernoo Bank
(stratum 18), vinere good catches of hake have been observed on the previous two Sireegktive

biomass of lingn core strata also decreased in 2@t the time series for ling shows no overall trend.

Due to loss of timeearly in the surveythe souhern deep stratatfata 25 and 28were dropped
However the northern deep strata were successfully compfai@dding abundance indices for pre
recruit and recruited orange roughy. The estimatgative biomass of orange roughn all strata
increasd by 72%in 2011 to 7537,tbut precisiorwaspoor (c.v. 60.0%), and the increase wasyely
due to a3 t catch of orange roughy in stratum 22 on the northwest ChathanirRés2010 and 2011
orange roughy relative biomass estimatasthe first in a tim series. Additional estimates are required
before biomass trends can be investigated.
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Table 1: The number of completed valid biomass stationg200 1300m) by stratum during the 2011
Chatham Rise trawl survey.

Stratum
number

~N~NoUuhAWNNE
© >

® o
o >

(o]

10A
10B
11A
11B
11C
11D
12
13
14
15
16
17
18
19
20
21a
21b
22
23
24
25
28

Total

Depth Location Area
range (km?)

(m)

600/ 800 NW Chatham Rise 2439
600 800 NW Chatham Rise 3253
600/ 800 NE Chatham Rise 8 503
2001400 Matheson Bank 3499
600/ 800 SE Chatham Rise 11356
2001400 SE Chatham Rise 4078
600 800 SW Chatham Rise 8 266
400 600 NW Chatham Rise 5233
4001600 NW Chatham Rise 3286
400 600 NW Chatham Rise 5722
2001400 NE Chatham Rise 5136
400 600 NE Chatham Rise 2 958
400 600 NE Chatham Rise 3363
400 600 NE Chatham Rise 2 966
400 600 NE Chatham Rise 2072
4001600 NE Chatham Rise 3342
400 600 NE Chatham Rise 3368
4001600 SE Chatham Rise 6 578
4001600 SE Chatham Rise 6 681
4001600 SW Chatham Rise 5928
400i 600 SW Chatham Rise 5842
400 600 SW Chatham Rise 11 522

200400 Veryan Bank 865
2001400 Mernoo Bank 4 687
2001400 Reserve Bank 9012
2001 400 Reserve Bank 9584
8001000 NE Chatham Rise 1249

8001000 NE Chatham Rise 5819
8001000 NW Chatham Rise 7 357
1000 1300 NW Chatham Rise 7014

10001300 NE Chatham Ris 5672
8001000 SE Chatham Rise 5596
10001300 SE Chatham Rise 9494

181 699

Phase 1 Phase1l Phase2 Total Statbn
allocation stations stations stations density

PORARNOOWWAORWWWWWWWWWWPRARWWWWWOOWWWWO WW

120

POWNOWWOARWWWWWWWWWWRARWWWWWOWWWWOoO WW

111

(1: knrf)

1:813
1:1084
1:1417
1:1166
1:3772
1:1359
1:2755

1:872
1:1095
1:1907
1:1712

1.986
1:1121
1:742
1: 691
11114
01123
2193
2227
1976
11947
13841
1:288
1:1562
1:2253
1:1369

1:416
1:1940
1:1051
1:1002
1:1891

POWN~NNWWNDRWWWWWWWWWWRWWWWWOWWWWOoO WW
PREPRPRPEPPR

3 114 1:1594
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Table 2 Survey dates and number of valid?00' 800 m depthbiomassstations in surveys of tle Chatham
Rise, January 19922011

Trip_code Start date End date No. of validcore
biomass station:
TAN9106 28 Dec 1991 1 Feb 1992 184
TAN9212 30 Dec 1992 6 Feb 1993 194
TAN9401 2 Jan 1994 31 Jan 1994 165
TAN9501 4 Jan 1995 27 Jan 1995 122
TAN9601 27 Dec 1995 14 Jan 1996 89
TAN9701 2 Jan 1997 24 Jan 1997 103
TAN9801 3 Jan 1998 21 Jan 1998 91
TAN9901 3 Jan 1999 26 Jan 1999 100
TANO0001 27 Dec 1999 22 Jan 2000 128
TANO0101 28 Dec 2000 25 Jan 2001 119
TANO0201 5 Jan 2002 25 Jan 2002 107
TANO0301 29 Dec 2002 21 Jan 2003 115
TANO0401 27 Dec 2003 23 Jan 2004 110
TANO0501 27 Dec 2004 23 Jan 2005 106
TANO0601 27 Dec 2005 23 Jan 2006 96
TANO0701 27 Dec 2006 23 Jan 2007 101
TANO0801 27 Dec 2007 23 Jan 2008 101
TANO0901 27 Dec 2008 23 Jan 2009 108
TAN1001 2 Jan2010 28Jan 200 91
TAN1101 2 Jan2011 28Jan 201 90

Table 3 Tow and gear parameters by depth range for valid biomass statiof¥AN1101). Values shown are

sample sizgn), and for each parameter the mean, standard deviatiors(d.), and range

n Mean (m) s.d. Range

Core tow parameters

Tow length (n. miles) 90 29 0.25 2032

Tow speed (knots) 20 3.5 0.06 3. 37
All tow parameters

Tow length (n. miles) 114 29 0.24 2032

Tow speed (knots) 114 3.5 0.06 33 ¥F.
Gear parameters
200400 m

Headline height 26 7.0 034 6.2 6.

Doorspread 25 119.6 7.80 104.51326
400/ 600 m

Headine height 46 6.7 0.32 6. 01

Doorspread 39 129.1 448 118.8139.8
600'800 m

Headline height 18 6.8 0.23 6. 51

Doorspread 18 127.3 6.62 113.0136.3
80011000 m

Headline height 13 7.0 0.30 661 6.

Doorspread 11 1260 475 11991 133.0
1000 1300 m

Headline height 11 73 033 691.9

Doorspread 2 127.3 8384 121.0/1335
Core stations 20B00 m

Headline height 90 6.8 0.33 6.00 77.

Doorspread 82 1258 7.36 104.51398
All stations 2001300 m

Headline height 114 6.9 0.36 6. Q9

Doorspread 95 125.9 7.07 104.51398
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Table 4: Catch (kg) and total biomass (t) estimates (also by sex) witoefficient of variation (c.v.)of QMS

species, other commercial species, and major nmoemmercial speciegor valid biomass statios in core strata

(200'800 m depth3; and biomass estimates for deep strata (86IB00 m depths) Total biomass includes
unsexed fish. {, no data.)

Core strata 20@B00m 800/ 1300 m

Common name Code Catch Biomass males Biomass females Total biomass  Dee biomas:
kg t % t % t % t %
C.V. C.V. C.V. C.V.
QMS species
Hoki HOK 47 339 42016 14.4 51796 14.0 93904 14.0 1223 11.2
Silver warehou SWA 28221 46181 63.1 35894 59.5 82075 615 -
Black oreo BOE 2764 5478 21.3 5676 21.1 11195 21.0 16 60
Spiny dogfish SPD 3290 1384 274 6410 121 7794 136 -
Ling LIN 3210 3169 17.2 3858 125 7027 138 19 73.1
Dark ghostshark GSH 3195 2546 16.5 4041 18.0 6588 16.6 -
Sea perch SPE 1379 1660 10.7 1614 106 3278 10.2 8 61.2
Lookdown dory LDO 1670 1294 347 1960 16.2 3257 214 8 446
Giant stargazer STA 1074 1047 31.2 2121 26.7 3169 27.7 8 100
Pale ghostshark GSP 1053 1250 149 1300 141 2550 14.2 145 21.2
White warehou WWA 918 1032 555 828 522 18&1 53.9 -
Spiky oreo SOR 741 798 47.3 812 379 1619 41.9 154 42.3
Arrow squid NOS 449 615 63.9 894 66.7 1511 65.3 1 100
Hake HAK 581 321 22.9 778 16.9 1099 149 103 28.8
Alfonsino BYS 552 571 56.4 465 44.1 1038 50.4 4 100
Smooth skate SSK 493 314 38.3 600 40.0 1009 32.0 8 100
Smooth oreo SSO 233 413 79.2 390 73.3 808 76.4 783 82.8
Hapuku HAP 138 258 48.2 181 33.0 438 38.1
Ribaldo RIB 229 204 15.9 192 25.6 396 16.7 93 34.7
Red cod RCO 166 192 64.6 161 579 357 61.6 -
SouthernRa 6 s | SRB 100 185 78.8 171 521 355 65.8 -
School shark SCH 113 275 72.9 51 100 325 62.8 -
Barracouta BAR 48 77 56.6 92 62.5 169 58.2 -
Rough skate RSK 94 28 60.9 126 65.5 154 54.9 -
Tarakihi TAR 43 103 59.4 47 39.8 150 49.6 -
Slender mekerel JMM 48 91 823 46 721 137 78.5 -
Deepsea cardinalfish EPT 42 33 426 28 441 62 41.9 -
Bluenose BNS 33 23 709 28 63.1 51 48.0 -
Orange roughy ORH 13 14 52.2 11 56.6 24 535 7513 59.9
Lemon sole LSO 10 11 41.2 10 44.0 21 405 -
Rubyfish RBY 6 5 75.9 4 100 12 87.7 -
Scampi SCI 4 3 255 5 26.3 9 18.8 -
Frostfish FRO 2 8 100 0 8 100 -
Jack mackerel JMD 3 1 100 6 100 7 8238 -

Commercial nonQMS species (where biomass > 30 t)
Shovelnose dogfish SND 2198 2140 16.2 1756 14.4 3897 13.7 1329 32.6

Non-commercial species (where biomass > 800 t)

Common roughy RHY 3028 - - - - 11604 98.0 -
Javelinfish JAV 3349 - - - - 7849 123 109 46.2
Big-eye rattail CBO 1556 - - - - 3455 15.7 19 39.6
Banded bellowsfish BBE 776 - - - - 1314 119 10 100
Orange perch OPE 372 - - - - 1164 426 -

Two saddle rattail  CBI 247 - - - - 853 29.2 -

Total (above) 109 78t

Grand total (all species) 115434
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Table 5: Estimated biomass (t) with coefficient of variation below (%) of hoki, hake, and ling sampled by
annual trawl surveys of the Chatham Rise, dnuary 1992 2011 stns, stations(-, no datg c.v., coefficient of

variation.).
Year Survey
1992  TAN9106
C.V.
1993  TAN9212
C.V.
1994  TAN9401
C.V.
1995  TAN9501
C.V.
1996 TAN9601
C.V.
1997  TAN9701
C.V.
1998  TAN9801
C.V.
1999  TAN9901
C.V.
2000 TANOOO1
C.V.
2001  TANO101
C.V.
2002  TANO0201
C.V.
2003  TANO0301
C.V.
2004  TANO0401
C.V.
2005 TANO0501
C.V.
2006  TANO0601
C.V.
2007  TANO701
C.V.
2008  TANO0801
C.V.
2009  TANO0901
C.V.
2010 TAN1001
C.V.
2011 TAN1101
C.V.

Core strata 2000 m

No. strs

184

194

165

122

89

103

91

100

128

119

107

115

110

106

96

101

101

108

91

90

Hoki

120 190
7.7

185 570
10.3
145 633
9.8

120 441
7.6

152 813
9.8

157 974
8.4

86 678
10.9
109 336
11.6
72151
12.3

60 330
9.7

74 351
114

52 531
11.6

52 687
12.6

84 594
115

99 208
10.6
70479
8.4

76 859
114
144 088
10.6

97 503
14.6

93 904
14.0

Hake

4180
14.9
2 950
17.2
3353
9.6
3303
22.7
2457
13.3
2811
16.7
2873
18.4
2302
11.8
2152
9.2
1589
12.7
1567
15.3
888
155
1547
17.1
1048
18.0
1384
19.3
1824
12.2
1257
12.9
2419
20.7
1701
25.1
1099
149

Ling

8930
5.8

9 360
7.9
10 129
6.5

7 363
7.9
8424
8.2

8 543
9.8
7313
8.3
10 309
16.1
8 348
7.8

9 352
7.5
9442
7.8

7 261
9.9
8248
7.0

8 929
9.4
9301
7.4
7907
7.2
7504
6.7
10 615
115
8 846
10.0
7027
138
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Table 6: Relative biomass estimtes (t in thousands) of hoki 2000800 m depths,Chatham Rise trawl
surveys January 19922011 (c.v. coefficient of variation; 3++ all hoki aged 3/ears and older; (see Appendix 4
for length ranges of age classes)

1+ hoki 2+ hok 3 ++ hoki Total hoki

Survey 1+ yeal t % c.v 2+yeal t % c.v t %cwv t %c.v
class class

1992 1990 2.8 (27.9) 1989 1.2 (18.1) 116.1 (7.8) 120.2 (9.7)
1993 1991 32.9 (33.4) 1990 2.6 (25.1) 150.1 (8.9) 185.6 (10.3)
1994 199 14.6 (20.0) 1991 447 (18.0) 86.2 (9.0) 1456 (9.8)
1995 1993 6.6 (13.0) 1992 449 (11.0) 69.0 (9.0) 120.4 (7.6)
1996 1994 27.6 (24.0) 1993 15.0 (13.0) 106.6 (10.0) 152.8 (9.8)
1997 1995 3.2 (40.0) 1994 62.7 (12.0) 92.1 (8.0) 158.0 (8.4)
1998 1996 45 (33.0) 1995 6.9 (18.0) 75.6 (11.0) 86.7 (10.9)
1999 1997 25.6 (30.4) 1996 16.5 (18.9) 67.0 (9.9 109.3 (11.6)
2000 1998 144 (32.4) 1997 28.2 (20.7) 29.5 (9.3) 71.7 (12.3)
2001 1999 0.4 (74.6) 1998 24.2 (17.8) 35.7 (9.2) 60.3 (9.7)
2002 2000 224 (25.9) 1999 1.2 (21.2) 50.7 (12.3) 74.4 (11.4)
2003 2001 0.5 (46.0) 2000 27.2 (15.1) 204 (9.3) 52.6 (8.7)
2004 2002 144 (32.5) 2001 5.5 (20.4) 32.8 (12.9) 52.7 (12.6)
2005 2003 175 (23.4) 2002 45.8 (16.3) 21.2 (11.4) 84.6 (11.5)
2006 2004 25.9 (21.5) 2003 33.6 (18.8) 39.7 (10.3) 99.2 (10.6)
2007 2005 9.1 (27.5) 2004 32.6 (12.8) 28.8 (8.9) 70.5 (8.4)
2008 2006 156 (31.6) 2005 23.8 (15.5) 375 (7.8 76.9 (11.4)
2009 2007 25.2 (28.8) 2006 65.2 (17.2) 53.7 (7.8) 144.1 (10.6)
2010 2008 19.3 (30.9) 2007 286 (15.9 496 (16.3) 975 (14.6)
2011 2000 26.9 (36.9 208 263 (14.3 407 (7.8) 939 (14.0
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Table 7: Estimated biomass (t) and coefficient of variation (% c.v.) of hoki, hake, linggrange roughy, and 15
other key species by stratum(See Table4 for species common names.JCore, total biomass from valid core
tows (200 800 m); Total, total biomass from all valid tows (2001300 m);-, not calculated.)

Species code

HOK SWA SPD LIN GSH SPE
Stratum t cw. t C.V. t cw. t C.v. t cv t c.w.
1 435 33 0 0 0 0 92 51 0 0 18 100
2a 440 30 0 0 0 0 137 25 0 0 49 37
2b 1210 24 0 0 0 0 187 30 0 0 33 22
3 3137 78 15 53 686 47 221 66 372 90 77 29
4 815 11 0 0 0 0 160 23 0 0 83 61
5 3803 24 22 34 1066 10 220 45 284 42 91 75
6 1786 27 0 0 0 0 347 57 0 0 0 0
7 2818 22 36 93 51 46 612 35 1 100 22 49
8a 2700 49 0 0 0 0 128 68 0 0 97 28
8b 3397 18 533 61 448 16 317 16 77 50 260 28
9 2808 76 22753 91 178 52 120 71 1336 33 69 98
10a 2430 50 366 47 53 82 184 13 6 53 64 35
10b 672 37 31 34 205 35 113 63 19 100 29 60
1lla 3709 48 145 15 150 28 51 26 54 58 33 53
11b 622 17 5 100 0 0 83 20 0 0 27 21
1llc 1763 6 19 26 229 51 89 61 37 55 12 42
11d 4492 52 82 100 32 100 181 29 79 100 50 17
12 1831 46 60 100 49 100 290 69 97 93 69 56
13 3327 9 74 89 94 53 311 29 0 0 57 44
14 1600 7 11 54 108 35 348 32 0 0 224 60
15 2594 40 355 50 501 84 590 39 3 100 58 15
16 8927 12 148 100 537 57 778 35 8 100 20 100
17 2108 79 9 55 64 46 62 13 325 37 1 100
18 4730 76 54228 85 1857 43 124 100 388 47 162 99
19 7338 52 1853 60 688 26 745 100 1561 29 729 21
20 24410 44 1330 48 798 20 536 34 1940 41 942 16
2la 118 61 0 0 0 0 0 0 0 0 1 100
21b 262 1 0 0 0 0 0 0 0 0 0 0
22 836 14 0 0 0 0 19 73 0 0 8 65
23 3 100 0 0 0 0 0 0 0 0 0 0
24 4 100 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0 0 0 0
Core 93904 14 82075 62 7794 14 7027 14 6588 17 3278 10
Total 95127 14 82075 62 7794 14 7046 14 6588 17 3286 10
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Table 7 (continued)

Species code

LDO STA GSP WWA HAK
Stratum t cw. t cw. t cw. t cw. t c.w.
1 14 64 0 0 87 71 0 0 4 100
2a 62 11 17 100 116 17 0 0 31 54
2b 88 21 0 0 101 20 0 0 132 52
3 16 52 3 90 7 100 5 65 11 100
4 5 100 0 0 282 34 40 100 24 100
5 71 40 41 55 0 0 203 38 16 71
6 21 84 0 0 369 10 24 55 41 50
7 82 15 35 57 180 34 27 53 155 30
8a 86 15 2 100 50 79 17 75 54 29
8b 135 29 0 0 120 75 2 100 33 55
9 362 52 251 46 0 0 0 0 0 0
10a 245 53 5 100 146 52 16 46 89 56
10b 20 29 12 58 7 100 24 89 59 100
1la 254 44 27 51 0 0 16 85 22 68
11b 37 51 0 0 9 57 7 59 14 60
1lic 35 24 42 47 25 100 0 0 11 100
11d 761 80 0 0 19 25 34 85 38 56
12 337 15 57 52 42 52 53 38 95 62
13 40 75 16 81 230 78 8 100 57 80
14 48 30 25 61 334 35 5 100 61 51
15 29 30 159 89 238 88 13 100 8 100
16 136 54 190 46 170 45 82 80 105 55
17 3 61 3 50 0 0 0 0 7 100
18 25 100 1699 48 0 0 226 100 0 0
19 188 100 381 51 0 0 9 95 33 100
20 157 47 203 61 18 100 1050 92 0 0
21a 1 100 0 0 5 37 0 0 22 29
21b 5 50 0 0 51 40 0 0 0 0
22 3 100 8 100 81 28 0 0 49 53
23 0 0 0 0 7 53 0 0 31 39
24 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0 0
Core 3257 21 3169 28 2550 14 1861 54 1099 15
Total 3266 21 3177 28 2695 14 1861 54 1201 14
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Table 7 (continued)

Species code

<20 cm ORH <30 cm ORH total ORH BOE SOR
Stratum t cw. t cw. t cw. t cw. t c.w.
1 0 0 0 0 1 100 0 0 80 58
2a 1 100 2 100 5 100 0 0 229 44
2b 2 65 10 72 17 70 0 0 623 30
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 2740 52 38 44
5 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 8452 22 2 100
7 0 0 0 0 0 0 0 0 0 0
8a 0 0 0 0 0 0 0 0 2 100
8b 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10a 0 0 0 0 0 0 0 0 0 0
10b 0 0 0 0 0 0 0 0 0 0
lla 0 0 0 0 0 0 0 0 0 0
11b 0 0 0 0 0 0 0 0 2 100
1llc 0 0 0 0 0 0 0 0 0 0
11d 0 0 0 0 0 0 0 0 0 0
12 1 100 1 100 1 100 0 0 643 100
13 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 3 62 0 0
16 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 100
21a 2 52 28 42 111 49 0 100 1 100
21b 3 83 80 25 190 29 0 0 87 39
22 344 97 1834 94 4726 94 6 75 62 89
23 7 51 54 37 666 48 10 86 3 100
24 2 100 199 46 1819 34 0 0 0 0
25 0 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0 0
Core 4 48 13 57 24 54 11195 21 1619 42
Total 362 92 2208 79 7537 60 11211 21 1772 39
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Table 7 (continued)

Species code

SND SSO ETB CYP RIB
Stratum t cw. t cw. t cw. t cw. t c.w.
1 308 39 11 92 0 100 183 51 27 29
2a 1028 14 4 100 4 100 88 100 95 33
2b 2279 22 27 62 47 100 317 38 69 32
3 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 132 91 2 100 5 100
5 0 0 0 0 0 0 0 0 0 0
6 68 89 766 81 237 34 0 0 35 52
7 81 46 0 0 3 60 6 89 48 36
8a 6 100 0 0 0 0 0 0 22 80
8b 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10a 17 100 0 0 0 0 0 0 3 100
10b 0 0 0 0 0 0 0 0 3 100
lla 0 0 0 0 0 0 0 0 0 0
11b 37 24 0 0 3 100 0 100 17 70
1llc 0 0 0 0 0 0 0 0 4 100
11d 0 0 0 0 0 0 0 0 4 100
12 65 100 0 0 0 0 0 0 9 100
13 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 39 100
15 0 0 0 0 0 0 0 0 17 60
16 7 100 0 0 3 100 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0
19 0 0 0 0 0 0 0 0 0 0
20 0 0 0 0 0 0 0 0 0 0
21a 24 33 7 67 13 85 58 8 7 18
21b 994 42 6 78 3 100 871 47 39 64
22 186 23 28 40 44 49 270 9 47 43
23 11 72 728 89 41 46 108 29 0 0
24 114 78 15 52 43 55 121 100 0 0
25 0 0 0 0 0 0 0 0 0 0
28 0 0 0 0 0 0 0 0 0 0
Core 3897 14 808 76 430 36 596 29 396 17
Total 5226 13 1592 56 573 27 2024 23 489 15
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Table 8: Total numbers of fish, squid and scampi measured for length frequency distributios and
biological samples (TAN101). The total number of fish measured is sometimes greater than the sum of
males and females because some fish were exad.

Species Number Number Number

code measured measured  measured
Species Males Females Total
Abyssal rattail CTR 0 2 2
Alfonsino BYS 381 325 710
Banded bellowsfish BBE 306 253 2894
Banded rattail CFA 38 18 258
Barracouta BAR 12 16 28
Baketwork eel BEE 159 292 461
Baxter's dogfish ETB 116 111 227
Bigeye cardinalfish EPL 187 145 334
Bigscaled brown slickhead SBI 416 630 1049
Black javelinfish BJA 1 5 6
Black oreo BOE 536 522 1062
Black slickhead BSL 171 102 273
Blackspot rattail VNI 15 19 37
Bluenose BNS 6 3 9
Bollons rattail CBO 1454 912 2376
Brown chimaera CHP 5 3 8
Carpet shark CAR 1 0 1
Catshark APR 10 5 15
Common roughy RHY 193 207 401
Crested bellowsfish CBE 1 5 142
Dark ghostshark GSH 956 1002 1958
Dawsonlak cat s DCS 1 2 3
Deepsea cardinalfish EPT 68 45 115
Deepsea flathead FHD 6 12 18
Deepwater spiny skate DSK 1 0 1
Finless flounder MAN 2 1 3
Fourrayed rattail Csu 975 795 2 313
Frill shark FRS 0 2 2
Frostfish FRO 1 0 1
Giant stargazer STA 186 193 381
Greenback jack mackerel JMD 1 2 3
Hairy conger HCO 1 6 7
Hake HAK 76 65 141
Hapuku HAP 18 10 28
Hoki HOK 7 236 9 087 16 340
Humpback rattail CBA 1 19 20
Javelin fish JAV 1103 5 387 6 579
Johnson's cod HJO 322 534 873
Leafscale gulper shark CSQ 24 45 69
Lemon sole LSO 14 11 25
Ling LIN 524 514 1039
Longnose velvet dogfish CYP 312 430 742
Long-nosed chimaera LCH 155 127 282
Longnosed deepsea skate PSK 5 2 7
Lookdown dory LDO 1041 848 1902
Lucifer dogfish ETL 192 215 408
Mabhia rattail CMA 59 72 131
Nezumia namatahi NNA 0 1 1
Northern spiny dogfish NSD 3 1 4
Notable rattail CIN 231 291 596
Notocanthus chemnitzi NOC 1 0 1
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Table 8 (continued)

Species

NZ southern arrow squid
Oblique banded rattail
Oliver's rattail

Orange perch
Orange roughy

Pale ghostshark
Plunket's shark
Prickly deepsea skate
Prickly dogdfish

Red cod

Redbait

Ribaldo

Ridge scaled rattail
Robust cardinalfish
Rough skate
Roughhead rattail
Roughhad rattail
Ruby fish

Rudderfish

Sandfish

Scampi

School shark

Sea perch

Seal shark

Serrulate rattail
Shovelnose dogfish
Silver dory

Silver roughy

Silver warehou
Silverside

Sixgill shak

Slender mackerel
Small banded rattail
Smaltheaded cod
Smallscéed brown slickhead
Smooth oreo

Smooth skate
Smoothskin dogfish
Southern blue whiting
Sout hern Rayds
Spiky oreo
Spineback
Spinydodfish
Swollenhead conger
Tarakihi
Trachyscorpia capensis
Tubbia tasmanica
Two saddle rattail
Unicorn rattail

Velvet rattail
Viperfish

Warty oreo

b

Species
code

NOS
CAS
COL
OPE
ORH
GSP
PLS
BTS
PDG
RCO
RBT
RIB
MCA
EPR
RSK
CHY
CTH
RBY
RUD
GON
SCI
SCH
SPE
BSH
CSE
SND
SDO
SRH
SWA
SSI
HEX
JMM
CCX
SMC
SSM
SSO
SSK
CYO
SBW
SRB
SOR
SBK
SPD
SCO
TAR
TRS
TUB
CBI
WHR
TRX
CHA
WOE

Number
measured
Males

278
168
751
185
771
354
7

0

3
98
12
125
11
68
6
11
2

7
11
0
16
7
1287
26
265
778
133
131
1160
480

25

257
326
19
98

40
593
13
395

Number
measured
Females

327
931
1 046
247
906
358
6

2

8
74
7
55
30
71

P NDNWOTA OO

1387
41
126
553
100
110
975
328

13

163

300

588

Number
measured
Total

608
1178
1967

433
1688

712

13
2
11
188
19
180
41
140
15
16
6
20
14
2
40
8

2 687
67

394
1337

234

251
2136

974

2
38
4

6
420
628
40
152
8
82
1232

104
1 865
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Table 8 (continued)

Species Number Number Number

code measured measured measured
Species Males Females Total
Warty squid Q. robson) MRQ 4 1 5
White cardinalfish EPD 0 2 116
White rattail WHX 150 107 257
White wareha WWA 292 228 521
Wide-nosed chimaera RCH 62 58 120
Witch WIT 16 15 31
Total 27 055 34 352 65 536

Table 9: Length-weight regression parameters* ged to scale length frequenciggll data from TAN1101).

Length

Species a (intercept) b (slope) r? n range
(cm)

Black oreo 0.016020 3.070446 0.86 168 24i 39
Dark ghostshark 0.0®@705 3.197002 0.% 699 34i 75
Giant stargazer 0.08261 3.161064 0.98 377 2781
Hake 0.02783 3.210539 0.8 137 421131
Hoki 0.0B737 2948525 0.99 2071 37109
Ling 0.001272  3.295430 0.99 886 28156
Lookdown dory 0.025799 2950263 0.9 1124 11756
Orange roughy 0.039710 2.944295 0.99 496 7i41
Pale ghostshark 0.06639 2.98266 0.97 620 23187
Sea perch 0.012641 3.063978 0.99 1133 12149
Silver waehou 0.009822 3.151097 0.98 755 15/ 55
Smooth oreo 0.022146 2.997321 0.99 270 17151
Spiny dogfish 0.001138 3.321544 0.94 995 521106
White warehou 0.019184 3.025823 0.99 261 16/ 60

* W = alL.” where W is weight (g) and L is length (cmf)js the correlaon coefficient,n is the number a§amples.
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Table 10: Numbers of fish measured at each reproductive stag@ony and cartilaginous fish were staged
using different methodsi seefootnote belowtable).

Reproductive stage

Common name Sex 1 2 3 4 5 6 7 8 Total
Alfonsino Male 1 - - - - - - - 1
Female 2 - - - - - - - 2
Banded rattail Male 1 - - - - - - 1
Female - 4 - - - - - - 4
Baxterds do Male 42 8 61 - - - - - 111
Female 51 23 7 9 13 2 - - 105
Bigeye rattall Male - 48 - - - - - - 48
Female 2 26 - - - - - - 28
Blackjavelinfish Male 1 - - - - - - - 1
Female 2 1 1 - 1 - - - 5
Black oreo Male 85 74 5 - - - - - 164
Female 56 108 12 - - - - - 176
Black slickhead Male 15 62 - - - - - - 77
Female 6 - 19 - - - - - 25
Carpetshark Male 1 - - - - - - - 1
Female - - - - - - - - -
Catshark Male 3 2 5 - - - - - 10
(Apristurusspp.) Female 3 - - - 1 - - - 4
Dark ghostshark Male 40 43 172 - - - - - 255
Female 74 105 43 - - - - - 222
Daws onliak c a Male - - 1 - - - - - 1
Female - 1 1 - - - - - 2
Deepsea cardinalfish Male 15 - - - - - - - 15
Female 7 - - - - - - - 7
Frill shark Male - - - - - - - - -
Female - 1 - - - - - - 1
Giant stargazer Male 1 - - - - - - - 1
Female - - - - - - - - -
Hake Male 16 13 10 14 15 6 1 - 75
Female 7 32 22 - - - 2 - 63
Hoki Male 481 319 - - - - - - 800
Female 678 662 - - - - - - 1340
Humpback (slender) Male - - - - - - - - -
rattail Female 1 8 2 - - - - - 11
Javelinfish Male 3 16 11 - - - - - 30
Female 23 8 4 - - - - - 35
Leafscale gulper shark Male 19 - 2 - - - - - 21
Female 31 3 7 1 - 1 - - 43
Ling Male 186 108 118 40 - - - - 452
Female 171 270 2 2 - - - - 445
Long-nosed chimaera  Male 28 3 51 - - - - - 82
Female 34 14 20 3 - - - - 71
Longnosed deepsea
skate Male 1 2 - - - - - - 3
Female - 1 - - - - - - 1
Longnose velvet dogfist Male 140 13 82 - - - - - 235
Female 177 87 41 31 1 1 - - 338
Lookdown dory Male 4 3 - - - - 7
Female 2 - - - - - - - 2
Lucifer dogfish Male 4 12 51 - - - - - 67
Female 24 30 10 7 - 1 - - 72
Mahia rattail Male 6 19 - - - - - - 25
Female 2 20 - - - - - - 22
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Table 10 (continued)

Reproductive stags

Common name Sex 1 2 3 4 5 6 7 8 Total
Northernspiny dogfish  Male 1 - 2 - - - - - 3
Female - - 1 - - - - - 1
Oblique banded rattail Male 3 9 1 - - - - - 13
Female 8 52 - - - - - - 60
Oliver 60s r a Male - 3 - - - - - - 3
Female - 2 - - - - - - 2
Orange Roughy Male 126 108 2 - - - - - 236
Female 107 96 108 - - - - 1 312
Pale ghostshark Male 81 12 135 - - - - - 228
Female 98 51 46 6 1 - - - 202
Pl unket 6s s Male 3 2 - - - - - - 5
Female 1 3 - - - - - - 4
Prickly deepsea skate  Male - - - - - - - - -
Female 2 - - - - - - - 2
Prickly dogdfish Male - 1 2 - - - - - 3
Female 1 2 2 - - 1 - - 6
Ribaldo Male - 21 - - - - - - 21
Female - 6 - - - - - - 6
Ridge scaled rattail Male - - - - - - - -
Female 1 - - - - - - - 1
Roughhead rattail Male - 7 4 - - - - - 11
(C. trachycaruy Female - 4 1 - - - - 5
Rough skate Male - - 5 - - - - - 5
Female 3 1 1 - - 1 - - 6
Rudderfish Male - - - - - - -
Female - - 1 - - - - - 1
School shark Male - 1 5 - - - - - 6
Female - - - - - - - - -
Sea Perch Male 1 7 - - - - - - 8
Female 9 6 - - 2 - - - 17
Seal Shark Male 24 - 1 - - - - 25
Female 31 3 1 1 - - - - 36
Shovelnose dogfish Male 73 66 236 - - - - - 375
Female 161 103 18 7 1 2 - - 292
Silver warehou Male - 33 - - - - - - 33
Female - 19 - - - - - - 19
Small banded rattail Male - - - - - - - - -
Female - - - 1 - - - - 1
Smooth oreo Male 115 35 23 5 - - - - 178
Female 88 34 14 - 2 - - - 138
Smooth skate Male 10 1 1 - - - - - 12
Female 11 6 - - - - - - 17
Smooth skin dogfis Male 12 2 73 - - - - - 87
Female 17 20 6 3 - - - - 46
Sout hern Ra Male 1 - - - - - - - 1
Female - - - - - - - - -
Spiky oreo Male 101 85 16 - - - - - 202
Female 89 91 27 1 2 1 - - 211
Spiny dogfish Male 6 23 234 - - - 263
Female 223 281 85 121 277 7 - - 994
Spotty faced rattail Male - 1 1 - - - - - 2
(C. acanthigey Female - 4 - - - - - - 4
Squashed face rattail Male - - - - - - - - -
Female - - 1 - - - - - 1
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Table 10(continued)

Reproductive stags

Common ame Sex 1 2 3 4 5 6 7 8 Total
Striate rattail Male - - - - - - - - -
Female - 2 - - - - - - 2
Tarakihi Male 1 12 2 - - - - - 15
Female - 4 - - - - - - 4
Trachyscorpia capensis Male - - - - - - - - -
Female - 1 - - - - - - 1
Two saddle rattail Male - 25 3 - - 1 - - 29
Female 14 64 14 4 - 5 11 - 112
Unicorn rattail Male - 1 - - - - - - 1
Female - 1 - - - - - - 1
Velvet rattail Male - - - - - - - - -
Female - - - 1 - - - - 1
Warty oreo Male - 5 - - - - - - 5
Fenale - - 1 - - - - - 1
White warehou Male 5 1 - - - - - - 6
Female 3 1 - - - - - - 4
White rattail Male 9 7 - - - - - - 16
Female 5 16 - - - - - - 21
Widenosed chimaera  Male - - 14 - - - - - 14
Female 4 6 4 - - - - - 14

Middle depths gonadtagesi,immature; 2resting; 3, ripening; 4, ripe; 5, running ripe; 6, partiajyent;
7, spent. (after Hurst et al. 1992)

Deepwater gonad stagésxcluding oreos)male: 1, immature/resting; 2, early maturation; 3, mature; 4, ripe; 5,
spent; 8, pdially spent: female: 1, immature/resting; 2, early maturation; 3, mature; 4, ripe; 5, running ripe; 6,
spent; 7, atretic; 8, partially spent

Oreo gonad stages: male: 1, immaturere8fingearly maturation; 3, mature; 4, ripe; 5, spent; 8, partiallytspe
female: 1, immature; 2estingearly maturation; 3, mature; 4, ripe; 5, running ripe; 6, spent; 7, atretic; 8, partially
spent

Cartilaginous fish gonad stages: male: 1, immature; 2, maturing; 3, mature: female: 1, immature; 2, maturing; 3,
mature; 4Gravid |;5, Gravid Il; 6, postpartum
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Table 11: Percent occurrence of seven mark types during the 2011 Chatham Rise trawl survey compared to results from previous survgysnm Stevens et al.
2011).

Pelagic marks Bottom marks

Acoustic file  Survey n Surface Layer School Layer Cloud Layer Cloud School
Day trawl 2011 102 61 37 71 61 50 50 6
2010 111 59 32 73 59 73 41 6

2009 110 63 40 78 53 75 33 13

2008 110 63 39 83 56 58 41 9

2007 112 71 42 7 45 46 46 8

2006 102 59 40 88 44 67 36 16

2006 111 57 37 93 31 60 42 23

2003 123 64 41 85 55 47 47 22

Day steam 2011 100 80 32 79 76 59 60 4
2010 109 71 50 79 63 82 37 8

2009 99 63 56 80 45 81 42 21

2008 82 67 46 91 48 77 28 20

2007 81 78 44 91 40 69 43 15

2006 79 76 47 95 42 87 37 16

2006 78 71 45 95 37 76 45 35

2003 66 80 55 97 49 83 35 24

Night steam 2011 125 97 6 26 90 26 74 2
and trawl 2010 117 97 6 19 86 43 77 5
2009 93 96 11 18 78 40 68 4

2008 46 100 2 20 83 24 87 2

2007 51 100 10 25 92 20 80 4

2006 33 94 15 48 88 45 85 6

2006 30 100 33 53 77 57 83 7

2003 44 100 14 18 93 30 96 2
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Table 12: Average trawl catch (excluding benthic organisms) and acoustic backscatter from daytime core tows where acoustitad
quality was suitable for echo integration on the Chatham Rise in 20011

Average acoustic backscatter’(km?)

Year (Survey) No. of  Average trawl Bottom 10 m  Bottom 50 m All bottom marks Entire echograrr
recordings catch (kg krif) (to 100 m)
2001 (TANO101) 117 1858 363 22.39 31.80 57.60
2002 (TANO201) 102 1849 4.50 18.39 22.60 49.32
2003 (TANO301) 117 1508 3.43 19.56 29.41 53.22
2005 (TANO501) 86 1783 2.78 12.69 15.64 40.24
2006 (TANO601) 88 1782 3.24 13.19 19.46 48.86
2007 (TANOD1) 100 1510 2.00 10.83 15.40 41.07
2008 (TANO801) 103 2012 2.03 9.65 13.23 37.98
2009 (TANO901) 105 2480 2.98 15.89 25.01 58.88
2010 (TAN1001) 90 2 205 1.87 10.80 17.68 44.49
2011 (TAN1101) 73 1997 1.79 8.72 12.94 34.79

Table 13: Estimates ofthe proportion of total day backscatter in each stratum and year on the Chatham Rise which is assumed to be mesopelagic (fislmesao)).
Estimates were derived from the observed proportion of night backscatter in the upper 200 m corrected for the propontiof backscatter estimated to be in the surface
acoustic deadzone (updated from Stevens et al. 2011).

Stratum
Year Northeast  Northwest Southeast  Southwest
2001 0.64 0.83 0.81 0.88
2002 0.58 0.78 0.66 0.86
2003 0.67 0.82 0.81 0.77
2005 0.72 0.83 0.73 0.69
2006 0.69 0.77 0.76 0.80
2007 0.67 0.85 0.73 0.80
2008 0.61 0.64 0.84 0.85
2009 0.58 0.75 0.83 0.86
2010 0.48 0.64 0.76 0.63
2011 0.63 0.49 0.76 0.54
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Table 14: Mesopelagic indices for the Chatham Rise. Indices were derived by multiplying thetal backscatter observed at each daytime trawl station by the estimated
proportion of night-time backscatter in the same sularea observed in the upper 200 m (se€kable 13) corrected for the estimated proportion in the surface deadzone
( fr om ODOothal 2089} bnstratified indices for the Chatham Rise were calculated as the unweighted average over all available acodsiia. Stratified indices
were obtained as the weighted average of stratum estimates, where weighting was the proportional areahef stratum (northwest 11.3% of total area, southwest
18.7%, northeast 33.6%, southeast 36.4%).

Acoustic index (rflkm?)

Unstratified Northeast Northwest Southeast Southwest Stratified
Survey Year Mean C.v. Mean C.v. Mean C.v. Mean C.v. Mean C.v. Mean C.v.
TANO0101 2001 47.1 8 21.8 11 61.1 13 36.8 12 92.6 16 44.9 8
TAN0201 2002 35.8 6 25.1 11 40.3 11 29.6 13 54.7 13 34.0 7
TANO0301 2003 40.6 10 30.3 23 32.0 12 52.4 19 53.9 11 42.9 10
TANO0501 2005 30.4 7 28.4 12 445 21 252 8 29.5 23 29.3 7
TAN0601 2006 37.0 6 30.7 10 47.9 12 38.1 12 36.7 19 36.4 7
TANO701 2007 324 7 23.0 10 43.3 12 27.2 13 35.9 20 29.2 7
TANO0801 2008 29.1 6 17.8 5 27.9 19 38.1 10 36.2 12 29.8 6
TAN0901 2009 447 10 22.4 22 54.3 12 39.3 16 84.8 18 43.8 9
TAN1001 2010 27.0 8 16.5 11 334 11 35.1 17 34.0 24 28.5 10
TAN1101 2011 21.4 9 23.4 15 27.2 14 12.6 23 15.8 17 185 9
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Figure 1: Trawl survey area showingstratum boundaries. Strata 25 28 were not surveyed in2011.
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Figure 2: Trawl survey area showing positions ofvalid biomass stations (n = 14 stations) for TAN1101. In this and subsequent figures actual stratum boundaries are
drawn for the new deepwater strata. These boundaries sometimes overlap wiRisting core survey stratum boundaries.
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Figure 3: Positions of sea surface and bottom temperature recordings and approximate location of
isotherms €C) interpolated by eye. The temperatures shown are from thealibrated Seabird CTD
recordings made during each tow
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Figure 4: Relative biomass (top panel) and relative proportions of hoki an®@0 other keyspecies (lover
panel) from trawl surveys of the ChathamRise, January 19922011
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Figure 5: Relative biomass estimates fiousandg of important species sampled by annual trawl surveys
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Figure 6a: Hoki 1+ catch distribution 1992 2011 Filled circle area is proportional to catch rate (kg.kn).

Open circles are zero catch. Maximum catch rate inesies is 30 850 kg.km.
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Figure 6a (continued)
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Figure 6b: Hoki 2+ catch distribution 1992 2011 Filled circle area is proportional to catch rate (kg.kn).
Open circles are zero catch. M&imum catch rate in series i$791kg.km™
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