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Executive Summary

The Great Australian Bight Trawl Fishery (GABTF) tamggdwo main shelf species:
deepwater flatheadNgeoplatycephalus conatus), and Bight redfish Gentroberyx gerrardi).
The implementation of an industry-based fishery-indepanesource survey of the GABTF
was supported by the Great Australian Bight Industry Assioci (GABIA), driven largely by
industry’s desire for a better understanding of the exdétheir main target species and the
level of impact that fishing might be having on these usses.

The GABTF is presently managed by input controls limiting humber of operators in the
fishery to ten. Logbook data show no overall trencatcle rates for either deepwater flathead
or Bight redfish and there is little contrast in thekta. Also, time series data on length- and
age- frequency do not indicate any significant impact enrésources from fishing. Stock
assessment models for Bight redfish and deepwaterdthtdne advanced, but suffer from the
lack of contrast in any of the main fishery indicatords a result, there is considerable
uncertainty surrounding model outputs and estimates d siomass.

The primary goal of a resource survey of the Great Alistr Bight (GAB) was to improve
this uncertainty by obtaining robust annual indices ditine# biomass of deepwater flathead
and Bight redfish that can be incorporated into forn@dlsassessments.

The design of the survey was determined over a onepggaxd with extensive liaison with

GABIA operators. A random stratified survey was chos&h particular specifications on

depth, longitude, month, trawl duration and how the tramdse to be conducted. The
number of shots in the survey was determined through eermpawalysis to achieve a
coefficient of variation for the relative abundamedex of < 20%. Shot allocation to each of
the strata was proportional to the catch-weightendstal deviation of CPUE.

The surveys were carried out over three separate tmpsduring February and March for

both species and a December survey was conducted specificatleepwater flathead. The

industry vessel Explorer S and an experience GABTF skipmge used throughout the
surveys. Because the surveys were designed to geveeddtindance indices of both Bight
redfish and deepwater flathead, a good general net design &@hs Tiews were 2.5 hours in

duration at a speed of approximately 3 knots and were ccedpleta specified order to

reduce temporal biases in the data collection. Fiske wientified to species where possible,
and their total weights estimated. Length frequency umea®ents and otoliths were taken
from important commercial species.

This report details the results of the inaugural 2005 GABHE6urce surveys. The surveys
were successfully completed well within the timeframeé &udget allocated, with 76 sites
sampled within the main fishing areas during February and Manudh,37 sites sampled
during one trip in December.

Deepwater flathead and Bight redfish occurred in 100% and 9f%catesely of the seventy-
six valid survey tows that were completed during Februdayeh surveys, and in 100% and
82% of the thirty-three valid tows conducted during December.

Estimation of relative biomass was based on the sareat method adopted by Schnute and
Haigh (2003), by calculating the mean density from allstewd applying that to stratum area.
Relative biomass indices with CVs<0.2 were obtaineddé&epwater flathead, Bight redfish
and a number of other main species within the survey arba.relative biomass estimate of
Bight redfish based on February—March tows was 20,88Y tG.13). The relative biomass
estimate of deepwater flathead was 12,152t (CV = 0.05) dur@lgu&ry—March, and
17,024 t (CV = 0.12) during December.

Fishwell Consulting iii AFMA Project R04/1102
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Bight redfish and deepwater flathead comprised the egegtortion of the catch during
February—March. Latchet were also common during thisgp@nd were the most commonly
caught species during December. Ocean jacket, angel shargespwhwide stingaree were
other commonly caught species.

Modal length of Bight redfish in February—March sampless 35 cm. Modal lengths of
deepwater flathead in February—March and December samples 46ecm and 47 cm
respectively. Otolith samples of deepwater flathead agtitBedfish were also collected
during the survey.

The inaugural 2005 Great Australian Bight trawl survey aclielkof its objectives. The
target CVs for relative biomass estimates were actlieoreboth Bight redfish and deepwater
flathead. In addition, relative biomass estimatestbér main species were estimated with
low to medium CVs. Length frequency and otolith sampkese collected for both target
species and major by-product and by-catch species.

The results of this survey provide the starting poirirobngoing fishery-independent index
of abundance for both deepwater flathead and Bight redfis

Fishwell Consulting v AFMA Project R04/1102
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Introduction

The Great Australian Bight Industry Association (GABIAas supported the implementation
of an industry-based fishery-independent resource surviiye ddreat Australian Bight Trawl
Fishery (GABTF). This has been largely driven by industrdesire for a better
understanding of the extent of shelf resources of thain target species, deepwater flathead
(Neoplatycephalus conatus) and Bight redfish@entroberyx gerrardi), and the level of impact
that fishing might be having on these resources.

The GABTF is presently managed by input controls limiting humber of operators in the
fishery to ten. Only a small number (typically 4-5})lwé ten SFR holders have been active in
the fishery during any one year over the decade to 2002ch @ad effort data from these
vessel's logbooks show no overall trend in catchsréde either deepwater flathead or Bight
redfish and there is little contrast in these datamelseries data on length- and age-
frequency do not indicate any significant impact onrdsources from this level of fishing.
Stock assessment models for Bight redfish and deepWatieead are advanced, but suffer
from the lack of contrast in any of the main fishenglicators. As a result, there is
considerable uncertainty surrounding model outputs and éssrmfstock biomass.

There has been increased participation in the fishadysanificant increases in fishing effort
and fishing efficiency of active vessels during 2003 and 2004erGive uncertain status of
the stocks, concern has been raised about the futurenabsity of the shelf resources.
Under this scenario, industry has agreed that quota maeagerhthe main target species
should be introduced. They also agreed on equal allocafignota between the ten SFR
holders.

With the pending introduction of quotas, there is contlean low TACs will be introduced
based on the high uncertainty of biomass estimatedtings from stock assessment models
and this may inhibit the sustainable development ofilieery. Moreover, once quotas are
introduced it is believed the use of commercial CPUE datheamain index of abundance in
these models will be compromised and unlikely to providecth@rast that is needed to
improve model outputs.

Industry investigated the feasibility of conducting a dishindependent survey to provide a
time-series of relative abundance indices for deepwitthead and Bight redfish that can be
used as an input to stock assessment models (FRDC P2§)é2{072). Further, by
conducting a random stratified survey, ball-park estimafeasbsolute abundance of Bight
redfish and deepwater flathead would be obtained thabearsed as additional information
to help support the setting of appropriate TACs for 2006.

Objectives

1. Determine a relative abundance index for Bight reddisti deepwater flathead in the
current region of the main GABTF shelf fishery.

2. Collect biological and population data on these species.

3. Determine a relative abundance index of other main specidghe current shelf
fishery.

Fishwell Consulting 1 AFMA Project R04/1102
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Material and Methods

Survey Design

The design of the survey was determined over a onepggad with extensive liaison with
GABIA operators. This was achieved through support of theG-Rinded project 2002/072
“Assessing the feasibility of an industry-based fishedependent survey of the South East
Fishery” which had been modified to include the GABTRn explanation for the survey
design is provided below with the final agreed recommeowsitiighlighted.

Stratification

Depth

- Virtually all of the Bight redfish and deepwater flatdematches in the GABTF are taken
between 120-200 m (Figure 1).

- There are only minor catches of both species outsigel¢pth range (Graphs do not start
at zero due to non-reporting of depth on some catch and lefiiwooks).

- There is very low trawling effort in inshore waters{£%20 m) but incidental catches of
Bight redfish are taken at these depths.

- There are some high catch rates at depth >200 m butafederived from a very low
percentage of the total catch (Figure 2, Figure 3).

* Primary survey strata restricted to a depth range of 120 — 200 m.

¢ Option of a secondary inshore stratum from 50 m to 120 m (not usestluring 2005).

Longitude

- The majority of the Bight redfish and deepwater flatheatch is taken between longitude
126000’ and 132030’ (Figure 4, Figure 5, Figure 6).

- Catch rates are not uniform across longitude for egpecies.

- Inconsistencies in catch, CPUE and CPUE variation siggene stratification by
longitude is required.

* Four longitudinal primary strata for the February and March su rvey design are:
126°00'-127°45'(West2), 12745-12900’ (West1), 12800-13¢F°15’ (Centrall),
130°45'-132°30’ (Central2)

e One additional strata 12500'-126°00 (West3) and one depth strata (inshore,
100-120 m) are proposed for the December survey, but not theldfeary/March
survey.

Month

- Seasonal catches and catch rates for Bight redfesfammore variable than those for
deepwater flathead (Figure 7, Figure 8, Figure 9).

- The limiting factor in the survey design is obtaining meestimates of catch rates for
Bight redfish.

Fishwell Consulting 2 AFMA Project R04/1102
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- Catches and catch rates of Bight redfish are highestgdtire early months of the year
(February to April), (Figure 7, Figure 8).

- Bight redfish catch rate variation is also highesirduthese months but is less in March
and April than in February (Figure 9).

- Although catches of Bight redfish during February are grettere is higher variation in
redfish CPUE during this month.

- Catches and catch rates of deepwater flathead arenaddgaonsistent throughout the
year. Highest catch rates are near the end of the ye

- It was initially recommended that the survey be undertdkeing the month of March
alone, but industry was concerned that this may novddo the between-year variability
in the onset of the main redfish fishing season. &wlsntly it was agreed to run the
survey over the two months of February and March. Eurtfeetings conducted later in
the year decided an additional survey should be conductedddecember for
deepwater flathead.

- Within February and March it was agreed that the bewt for targeting redfish was in
the week leading up to the full moon.

* The primary survey is to be carried out over two separate tps on the week
leading up to the full moon during both February and March for Bight redfish
and an additional survey during December for deepwater flathad.

Day/night

- Diurnal differences in the catch rate, CPUE and vianah CPUE are shown for
deepwater flathead and Bight redfish (Figure 10).

- During February—April, catch rates of deepwater flatheadsignificantly higher during
the day than during the night (Figure 11).

- There are no significant differences of catch rafdght redfish during the day and
night (Figure 11).

- Inclusion of day and night shots in the survey will edesably reduce the amount of sea
days required for the survey.

¢ Recommend data from day and night shots be pooled in the survegsign.

Trawl duration

- Most shots for either deepwater flathead or Bight sédfiave a trawl duration of greater
than four hours (Figure 12, Figure 13).

- Based on loghook data, the variation of catch rateBifgit redfish is much higher for
shots <2.5 hours than for shots of longer duration (Fig8je This trend is similar for
deepwater flathead, but to a far lesser extent.

- Logbook data records shot time from net away to naevetl (not bottom time) and half
an hour was allowed for setting and retrieving.

e  Recommend minimum trawl! duration of 2.5 hours bottom time fo each shot
undertaken for the survey.

Fishwell Consulting 3 AFMA Project R04/1102
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Number of shots

To determine the number of hauls required in each stratachieve a target coefficient
of variation (CV) of 20% for Bight redfish and 10% of deepsv flathead, the mean and
standard deviation of catch rates (per area swept) ¢brlesul were calculated from
logbook data for each species.

For a given number of shots, the coefficients ofatarn (CVs) for Bight redfish are
much higher than those for deepwater flathead (Figure 14).

Estimates of a relative abundance index (with a givenigion level of 20% CV) for
Bight redfish is therefore the critical factor irethurvey design.

March is the optimal month for the survey as it camabihigh redfish catches and low
variations in catch rates and therefore provides thedb CVs for less number of shots.
To allow for potential yearly variations in the onségood redfish catches the months of
February to April also provide relatively low CVs foroavM number of shots (Figure 15,
Figure 16, Figure 17, Figure 18).

Abundance indices based on commercial catch ratqa@aatssed in these analyses) may
underestimate the variation that will occur in a randonvey because fishers are
endeavouring to maximise their catch rates.

¢ Endeavour to achieve a target CV of 20% for Bight redfish from tle random
survey.

¢ Atarget CV of 10% should easily be achieved for deepwater fladad.

¢ Recommend 76 shots as the minimum number of shots requirddr the survey of
the primary strata during February and March; and 35 shots required in
December.

¢ Recommend 8 shots as the minimum number of shots requirddr the optional
survey of inshore strata (not based on analysis of CVs).

Allocation of shots to strata

Shot allocation to each of the primary strata wasgmamal to the catch-weighted
standard deviation of CPUE.

Descriptions of the different strata and the numbeshots allocated to each stratum are
shown in Table 1. Additional strata and number of shitisaded to the December survey
are shown irError! Reference source not found.

Randomly chosen positions within each stratum are prowidédble 6 (February/March)
and Table 6 (December survey) and Table 7 (additional Decestitbta). The
recommended position for the random shot is providedlumao 1, but four alternate
positions are provided for each shot to allow for repte® of a position that may not be
able to be fished or that might fall outside the recomnedéeth range.

Number of sea days

It will require some time to steam from one randomtmmsio the next during the survey.

Based on a minimum 2.5 hour shot (bottom time), it idylikieat only 4 shots may be
completed in any one fishing day.

Fishwell Consulting 4 AFMA Project R04/1102
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- Based on a minimum of 80 shots required for the maitesttas likely that at least 20
fishing days will be required for the main strata. Thil sequire two trips with 10 fishing
days per trip, while the flathead survey will requireftlig less, approximately 8 fishing
days per trip.

- Each survey trip is likely to require a minimum of 3 dstgsaming (out and back
inclusive).

- Therefore there will be a total of two 13-day and onddy survey trips.

- Fish from the survey will be retained by the vessektp bffset the cost and risk of lost
fishing opportunity of being involved in the survey.

Vessel Specifications

GABIA members agreed on the vessel that would undertaksurvey based on the vessel
characteristics, availability of an experienced skigpet an agreed charter price. The fishing
vesselExplorer Swas used throughout the survey. It had the following Spatidns: length
overall 30 m; beam 9 m; gross tonnage 430 t; power 1140 hp.

Gear Specifications

Because the survey was designed to get relative abunataices of both Bight redfish and

deepwater flathead, a good general net design was usedvagtane that would not optimise

catches of either flathead or redfish. The desigth@met made for the survey is shown in
Figure 19. Dimensions of the net are as follows.

Headline: Length = 32.6 m, V = X.45, Middle to last flymesB.05, Centre = 2.24.
Footline: Length =38.5m, V =3.95 m Centre = 2.24.

Codend mesh = 90 mm.

Bridles = 37 m.

Sweeps = 160 m.

A duplicate net was constructed and carried during the simvegse of damage to the main
net.

Trawling Procedure

The surveys were carried out over three separateduipsg February, March and December
2005. During the February and March surveys, the vesseltdédaom Port Lincoln and
half of the tows were conducted while travelling westnfrPort Lincoln, the other half
completed on the return journey. For the survey in Dbes, the vessel departed from
Esperance and completed half the tows while travellirsg, ¢he other half on the return to
Esperance. The tows were completed in a specified twdexduce temporal biases in the
data collection. If the selected random tow was uraiale, alternative random tow locations
were provided. The order of some tows was rearrangddgmstical reasons (Figure 20).

Tows were 2.5 hours in duration at a speed of approximatkhots. Timing began from

when the warps were fully deployed and stopped when ga@&wval began. For a successful
tow to be completed, the vessel had to pass within 500thecselected position. This was
achieved in every case. During each tow, operational avidoemental details were noted.
Door spread was estimated by measuring the distance bethesevarps at the block, and
again one metre behind the blocks. Door spread was theratatl as follows:

d :(V\/l_Wz)x\AA-+(V\/1_W2)
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where w; is the distance between the warps one meter down frenblocks,w, is the
distance between the warps at the back of the blockevanfithe warp length.

Once on board, fish were identified to species wersiples and their total weights estimated.
For Bight redfish and deepwater flathead, the totainedad weights were then compared to
the weight when the catch was unloaded and adjusteeri¢ thhas a difference of >10%.

Length frequency measurements were taken for importanineocial species, and sex was
determined for flathead and Bight redfish. Otolith skxspvere collected from flathead and
Bight redfish along with length and sex.

Calculation of Relative Biomass and Coefficient of Variation

The estimation of relative biomass was based on #thod adopted by Schnute and Haigh
(2003), where in simplistic terms, typical surveys cstinsi numerous tows, each tow giving a
biomass density estimate

biomass captured

area swept by net

Density =

And total biomass (abundance) estimated by caloglahe mean density (with an associated
coefficient of variation) from all tows and applgithat to habitat or stratum area:

Biomass = dendity x area (Schnute and Haigh, 2003)

Determining the density
For tows where Bight redfish and deepwater flathessl present in the catch (non-zero
measurements), the mean density for each stratum is

1
My = _Z:uhi
n, =
The squared inverse of the CV is
Vh = ,th/Sﬁ
The mean density of measurements for each stratum i
5h = (1_ Pn ):uh
The variance of density of measurements each stratu

%:J@rmﬁ+mWﬁ€éD

The estimated biomass of each stratuin
b, = A9,
The CV of biomass estimate of each stratum is

CVh :\/U—h/bhnh

Wherep, is the proportion of hauls with zero catch for fpecies in stratum hy, is the mean
kgs per area swept {rof species where catch >zespjs the std kgs per area swepf)iof
species where catch >zew, is the total area of stratum, is the number of tows arg is
the estimated relative biomass.

Total relative biomass and CV for each species walailated as follows;
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B=>b,

h

V=) ov,
h

The number of shotsy, in each stratum that produced the desired coefficiertugation,
CVvh, was randomly allocated within each stratum.

Relative biomass was estimated using the swept areadnetho
The density measure was estimate as follows:

_C,
/jhi =7 Vhidhi Ehi

Where each shatin spectrumh has a known catch @@, effort (tow duration hourky;,
vessel speed (m/hown) and door spread,.

The swept area of the trawl net can be expressedhas &t area swept by the net or the area
swept by the net. Net width was estimated as 50% of thdlihe length while door width
involved measuring the distance between the warps at tlegp(blocks) then 1 metre along
the warps towards the trawl net. The difference idthwwould then be multiplied by the
length of the warp let out:-.

d= (Wl _WZ)XVVL +(W2)

where w; is the distance between the warps one meter down frenblocks,w, is the
distance between the warps at the back of the blockgvans the warp length.

Results

Survey Coverage

The surveys were successfully completed well withinttime frame and budget allocated.
The random stratified survey sampled 76 sites within thie fighing areas during two trips
in February and March, and 37 sites during one trip in Dbee2005.

During February and March all selected sites were sudveyough alternate sites were
required on five occasions because either: ground was uahiawlocation was outside of
the depth range; or the location was identical to oom fthe first survey. The mean tow
lengths in the four strata were 14.8 km, 14.6 km, 14.7 km and tafokthe Central 2,
Central 1, West 2 and West 1 strata respectively (Tali@@re 20).

During December a total of 37 sites were surveyed, thoughsfmis were abandoned when
the gear pinned-up. This resulted in one site missed in Weatlm, and 2 sites missed in
the Inshore stratum. On seventeen occasions altesitate were required. The mean tow
lengths for the strata were marginally longer than veskin the February, March surveys,
15.4 km,15.52 km, 14.8 km, 15.5 km, 15.2 km, 15.2 km for the Central ZaC&nWest 3,
West 2 and West 1 strata respectively (Table 3).

Gear Performance

Unfortunately, the net sonde was not functioning corredtlying the surveys and actual
readings of the net dimensions during tows were obtailsabr spread was estimated on 36
occasions during February and March and on 24 occasions ddesgmber. Door spread
measurements ranged 84-115 m, during February, March survéya mitan door spread of

Fishwell Consulting 7 AFMA Project R04/1102



2005 GABTF Resource Survey

103.4 m and a standard deviation of 7.4 m. During December goeadsvaried more,
ranging 76—131 m with a mean door spread of 92.6 m and a statelaation of 12.7 m.
While no trends were observed between mean door spread@hdddeing the February and
March surveys, a relationship between depth and door wesliissed during the December
survey (Door-width=0.62xMean depth + 12.41°=(r43). For the analysis on the
February/March data a mean door spread was used for it @wea calculations. During
February/March net opening height was recorded on 3 oosagiving results of 3.4 m,
3.4 m and 3.8 m; during December net opening height was recond@docasions, 3.3 m,
3.3mand 3.4 m.

Catch Composition and Length Frequencies

The total catch during the February/March survey (77.1ypeising 93 identified species or
species groups (Table 4) was significantly larger thad2hecomprising 92 species captured
during December (Table 5). During February and March, Bigtitish (16.8 t, 22%) and
deepwater flathead (15.1t, 19%) made up the majority of ttedh,céollowed by latchet
(11.6t, 14%), ocean jackets (9.6t, 12%) and sponge (5.6t, Fifyré 21). During
December the catch composition was very different (Eig2). Latchets (10.4 t, 20%),
sponge (7.6, 15%) and deepwater flathead (7.0t, 13%) were dse ammmonly caught
species. Over 50% of sponges captured were from the énstrata.

Deepwater flathead and Bight redfish occurred in 100% andd#tvs respectively during
February/March, and 100% and 82% respectively of valid towsglidécember 2005 (Table
6, Table 7).

Catches of Bight redfish during February/March were npogtively skewed, than observed
in deepwater flathead (Figure 23, Figure 24). Four hauls omatanore than 750 kg of Bight

redfish during February/March while there were no catgheater than 450 kg of deepwater
flathead during that survey. There were only three catohddight redfish greater than

150 kg during December, however nearly half of the catchedeepwater flathead were

greater than 150 kg during that survey (Figure 25, Figure 26). aftpest catch of deepwater
flathead during December was730 kg.

Catch of Bight redfish during February/March were th@esik times higher at night than
during the day (Figure 27). There was no difference betwigmn and day shots in catches
of deepwater flathead during February/March (Figure 28).

During the February/March surveys length-frequencies veedéected from 1381 Bight
redfish and 1122 deepwater flathead (Table 8). During the Decesulbeey length-
frequencies were collected from 416 Bight redfish and 1231 deepwathead. Length-
frequencies were also collected for 11 other specieslitl@t were taken from 320 and 150
Bight redfish and from 315 and 340 deepwater flathead during Fgbvizach and
December surveys respectively (Table 8).

Length-frequencies of Bight redfish caught during Februaaytd ranged from 25-56 cm
(Figure 29). Modal length was 35 cm. Deepwater flatheadhtadiging the same survey
ranged from 33—-75 cm with a modal length of 46 cm (Figure 30).

Length-frequencies of Bight redfish caught during Decembeyecifrom 26—-47 cm (Figure
31). Modal length was 36 cm. Deepwater flathead caught dtlvengame survey ranged
from 17—76 cm with a modal length of 47 cm (Figure 32).

Relative Biomass Estimates

The primary goal of the surveys was to obtain relativanbgs estimates for deepwater
flathead and Bight redfish. Because the GABTF was ngptowards quota management in
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2006, there was considerable interest in using the surveydtsreas absolute biomass
estimates for use in stock assessments and calcutafti,mcommended biological catches.
For swept area techniques to be used for estimationsoluséé biomass, a number of factors
need to be taken into account such as herding effects wiiicence the actual swept area of
the trawl and escapement. Catchability can also vapgraBng on the species and the
external environment during the shot. At the simplestlat is unclear whether all, or just
some, of the fish in the path of the trawl doors ameldw into the net and captured. Two
biomass estimates were made based two assumptions0bft of fish between the trawl
doors were herded in and captured in the net without escapgo@or-width biomass
estimate), or only those fish in the direct path of e were captured in the net with no
escapement (net-width biomass estimate). It is unlikedy either of these assumptions is
correct and a more likely scenario probably lies somesvha between with some
escapement. Further research needs to be undertaketetmide which measure is more
appropriate for each species.

February and March Surveys

Survey results revealed there was a large and sigmtiftiarnal difference between the catch
rates of Bight redfish (Figure 27). Interestingly, thisfet#nce was not apparent in the
analysis of logbook data carried out prior to the surf{féigure 11) even though it was
recognised by the fishers. Because of the difference niotdte survey results, biomass
estimates were made using day time shots only, night hots snly and all shots combined.

The door-width estimates and net-width estimates of Biggffish relative biomass within the
survey area were 2,128 t and 13,498 t respectively, with afO\14 when both day time and
night time shots were used (Table 9). Using only night shmas, door-width and net-width
relative biomass estimates were 3,293 t and 20,887 t regdgotith a CV of 0.13. Biomass
estimates were much lower, and CVs considerably highen whiy day time shots were used
in the estimates. For this reason, the night timeéssivere considered to provide the better
relative biomass estimates for Bight redfish.

The door-width and net-width estimates of deepwaterd&athrelative biomass within the
survey area were 1,916 t and 12,152 t respectively, with afO\05 when both day time and
night time shots were used.

Relative biomass estimates for a number of other irapbrGABTF species were also
calculated. CVs of other main species were generalbyno@.2. Ornate angel sharks had the
lowest CV of 0.09, while that of jackass morwong was ragle 0.34. Species with the
greatest relative biomasses estimates apart from dempilathead and Bight redfish were
latchet (1,482 t door-width and 9,401 t net-width) and oce&efa¢l,129 t and 7,163 t).

December surveys

The December survey was undertaken with a focus onniiigaa relative biomass estimate
for deepwater flathead only. The relative biomass eséisnand CV for deepwater flathead
during December were slightly higher than those frotoréray/March, with the door-width
estimates and net-width estimates of 2,684 t and 17,024 t tiespe(CV = 0.12, Table 10).

While catches were similar in the Westl, West 2, CHnti@entral2 and Inshore strata,
catches in West3 were considerably higher (Table 5). 3Asitributed about 13% towards
the total deepwater flathead relative biomass estimafgtee®mprising only 4% of the total
area. Nearly 40% of the relative biomass estimate® ¢eom the West3 and Inshore strata.

CVs of other main species varied, with common savikshgiant boarfish, gummy shark
knifejaw and latchet having CVs below 0.2. Biomass estiméiesother species’ was
relatively high because it included sponge which was gnoafitured in the inshore stratum.
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Discussion

Survey Coverage

The primary objective of the random stratified survey wadetermine a relative abundance
index for Bight redfish and deepwater flathead in theerimregion of the main GABTF shelf
fishery. The survey was also designed to collect bicddgand population data on these
species, and to determine a relative abundance indekefmain species in the current shelf
fishery. All of these objectives were met, with 7&s within the survey area successfully
surveyed during two trips in February and March 2005 and 33 sie®yed during
December 2005.

The value of the results of the survey as a relalwendance measure increases as a time-
series of surveys are conducted. Therefore, as thenfiesstime-series of such surveys, this
individual survey has limited value in this respect. It wasertheless, very useful as a
preliminary survey in working through the design and implgatem and reviewing the
results as a basis for ongoing surveys.

Gear Performance

As stated previously, much of the impetus for conductingsthgey during 2005 was that
guotas were being introduced for deepwater flathead and Beglfish in January 2006.
Industry was concerned that the lack of contrast indogband biological data being input
into the stock assessment model was resulting in higlertainties in model estimates of
biomass. It was considered that this uncertainty wt@mbined with a precautionary
management approach would result in inappropriately lowl Pdkawvable Catches (TACs)
being set, which may inhibit the sustainable developmithiedfishery. For this reason, there
was an interest in the use of the survey results teiggcan absolute abundance index for
deepwater flathead and Bight redfish.

There are many uncertainties and subsequent assumpiabmsist be made to use the survey
results as an absolute abundance index. The most praiclerhthese uncertainties is the
determination of the proportion of fish that are avadato capture and of those fish the
proportion available to capture, what proportion escapegdar. An understanding of the
species-specific herding behaviour of fish that are @meved by the trawl gear is important.
If the fish are not herded at all by the boards and swéapsjot unreasonable to assume that
the swept area is only equivalent to the opening (widtthehet. In contrast, some fish may
be herded into the path of the net by the noise/plwibeations of the trawl doors and
sweeps (Main and Sangster 1981a), while a proportion migapeshe gear (Main and
Sangster 1981b). A review of fish herding models provided litfiormation on the herding
behaviour of deepwater flathead or Bight redfish (Hudsod Knuckey, 2005). Most
research has been conducted on fish species in the mohémisphere; in one study the
proportion of the catch attributed to herding ranged 15%si(gnificant herding) to 49%
(significant herding) (Somerton and Munro, 2001). The oebgarch conducted in southern
waters was based on a trawl fishery in northern Alisir®f the 22 species captured only on
5 could the proportion of catch attributed to herding beutated.

At the simplest level for the current surveys, mimelear whether all, or only a portion, of the
fish between the trawl doors are herded into the net apidied or whether only the fish in
the nets path are captured. Two biomass estimatesmaate based two assumptions: that
100% of fish between the trawl doors were herded in anduregptin the net without
escapement (door-width biomass estimate), or only thokerfishe direct path of the net
were captured in the net with no escapement (net-widttmdss estimate). This resulted in
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six-fold difference between the door-width biomass et and the net-width biomass
estimates, based on a door spread of 103.4 m or 93 m andewd of 16.3m. It is unlikely
that either of these assumptions is correct and & ikaly scenario probably lies somewhere
in between with some escapement. Further research nedwss uodertaken to determine
which measure is more appropriate for each species.

It is highly unlikely that all Bight redfish and deepwatiathead encountered in the path of
the net are captured. Observations of a similar speoi@eepwater flathead, tiger flathead
were observed by remote camera escaping the trawl ggasising underneath the trawl net
(Piasenteet al. 2004). Demersal trawl gear is designed to herd fishalgtento the nets by
means of the doors and sweeps, but they have little aoilttgrd fish vertically down into the
net, unless as a result of a response behaviour ofsthe £o, in a demersal trawl with a
headline height of about 3.6 m as used in the current\suhe issue of fish being above the
swept area of the net warrants further consideratiommegard to swept-area biomass
estimation. Some fish species remain very closhd®éabed and are unlikely to swim above
the net, whereas other species may swim well ofsdabed and will therefore not be caught
in a demersal trawl net. Again, this behaviour is likelyoé species dependent and may be
influenced by a number of factors (migration, feedingmspag, oceanography). The diurnal
migration of species into different water depths l@esn well known by fishers, but its effects
on catch composition, and the variability between sgesi®f a complex nature, depending
on factors such as availability of prey or restingtestéHelfman, 1993). Based on
observations, flathead are considered to have similaracteristics to what are termed
‘flatfish’ being in constant touch, or settling on the-bettom while Bight redfish would be
considered a ‘groundfish’, swimming near the sea-bottbnthe initial design of the survey,
industry commented on the greater availability of redfshrawling at night time. At the
time, however, this was not supported in the data anatirs¢svere conducted, but it has
since been supported by the survey results which showedhredfish rates approximately
50% greater during the night. One hypothesis for this éifiez confirms industry statements
that redfish move down in the water column at night tmaking them more available to
capture by a demersal trawl net than during the day. H®mréason, swept area biomass
estimates for Bight redfish calculated from night shabuld be more applicable than day
shot estimates and day and night shots combined estimates.

It is unclear exactly why the preliminary analyses durirgsiirvey design did not pick up the
diurnal difference in the logbook catch rates. One pdggiis that the longer trawl duration

during commercial tows (4-8 hours) masked the day/nigherdifices. It is also possible that
the temporal scale of the preliminary analyses wasfinetscale enough to detect the
difference. Regardless of the reason, the surveytsdeft no doubt that diurnal structuring
of shots needs to be included in the ongoing survey desigdidat redfish. It was also an

important factor for several other main species. r@heas no significant diurnal difference
for deepwater flathead.

Catch Composition and Length Frequencies

Catch compositions varied markedly between Februaryiand December surveys. Bight
redfish, deepwater flathead and latchet were the thost commonly caught species early in
the year, while latchet, sponge and deepwater flatheasl therthree most commonly caught
species during December. While it is clear that seagprause some of the difference
(particularly of Bight redfish), the addition of twatea strata during the December survey
resulted in very high catches of sponge.
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There was also a large difference in length-frequencydedpwater flathead between
February/March and December samples. There were fegryfish smaller than 40 cm
measured from February/March samples compared to Decsaninples.

Relative Biomass Estimates

It was recognised that the timing of the original survey-ebruary/March was optimal for
Bight redfish in terms of catch rate and CVs. Fompdexer flathead, however, this time was
sub-optimal, with highest catch rates occurring duringevaser — December. Although this
does not matter if the results are to be used astaveeladex of abundance, it is important for
their use as an absolute index. Because the surveysregre going to be used to some
extent as an index of absolute abundance (albeit auwegrtain one with many assumptions)
industry considered whether a supplementary survey targelety st flathead during
November — December was desirable. Ultimately, thesmeciwas made to carry out a
flathead survey in December with the understanding thdt awsurvey would not necessary
have to be part of the ongoing relative abundance tamess

Bight redfish

Door and net relative biomass estimates for Bight rfedfisen only night time shots were
used were 3,293t and 20,887 t (CV = 0.13) respectively. Fordpeities, the door-width
relative biomass estimates appear too low as recent laoatenes of Bight redfish and
deepwater flathead have been 950t and 2000t respectivelyppitineatly little impact on the
Size or age structure of the populations.

Deepwater flathead

Door-width and net-width relative biomass estimatesdfeepwater flathead when both day
and night time shots were used were 1,916 t and 12,152 t (LO5F during February/March
and 2,684 t and 17,024 t during December 2005. During the December, howeyer, the
contribution of the additional strata, inshore and west& 6,000—7,000 t on the net relative
biomass estimates, putting the February/March surveyatss for the original strata similar
to the December survey.

Conclusions

The 2005 Great Australian Bight trawl surveys achievealajctives. The target CVs for
relative biomass estimates were achieved for bothtBigglfish and deepwater flathead. In
addition, relative biomass estimates of other mainigpareere estimated with low to medium
CVs. Length frequency and otolith samples were collefadethoth target species and major
by-product and by-catch species.

There are a lot of uncertainties in the use of theresudata as an absolute index of
abundance. Some uncertainties are related to stratatidaf and species’ population
dynamics and are probably very difficult to refine. ijiaof the uncertainties, such as those
mentioned above, can be reduced through targeted reseagrhrpsothat while technically
challenging and probably quite expensive are neverthelesibliea One must weigh up the
value of such additional targeted research to gain imprabsdlute abundance estimates
against the value of continuing the time-series of swasya relative index of abundance of
which we now have the first point.

As a preliminary survey, the 2005 surveys were also useftdfining how future surveys

could be conducted and identifying research opportunities thathassist to improve survey
results. The survey also demonstrated that a sceallyfirigorous fishery-independent survey
could be conducted by the fishing industry.
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Figure 1. Cumulative percentage of 2001-2002 commercial catch Byafep) deepwater flathead
and b) Bight redfish.
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Figure 2. Mean 2001-2002 commercial catch per unit effort @dgyndepth of: a) deepwater
flathead and b) Bight redfish.
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Figure 3. Standard deviation of 2001-2002 commercial catch geeffont (kg/nf) by depth of: a)
deepwater flathead and b) Bight redfish.
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Figure 4. Cumulative percentage of 2001-2002 commercial catch biuldegf: a) deepwater
flathead and b) Bight redfish.
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Figure 5. Mean 2001-2002 commercial catch per unit effort @dgynlongitude of: a) deepwater
flathead and b) Bight redfish.
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Figure 6. Standard deviation of 2001-2002 commercial catch gesftort (kg/nf) by longitude of:
a) deepwater flathead and b) Bight redfish.
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Figure 7. 2001-2002 commercial catch by month of: a) deepfiataead and b) Bight redfish.
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Figure 8. Mean 2001-2002 commercial catch per unit effort @dgynmonth of: a) deepwater
flathead and b) Bight redfish.
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Figure 9. Standard deviation of 2001-2002 commercial catch peeffont (kg/nf) by month of: a)
deepwater flathead and b) Bight redfish.
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Figure 10. Mean catch per unit effort (kg/#i- 2 SD) of 2001-2002 commercial catches of
deepwater flathead and Bight redfish caught during the@#A12000hrs) and night (2001-0400
hrs).
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Figure 12. Catch per unit effort (kgfjrof 2001-2002 commercial shots plotted against trawl duration
for: a) deepwater flathead; and b) Bight redfish.
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Figure 13. Mean catch per unit effort (kg/#std) of 2001-2002 commercial shots plotted against
trawl duration for: a) deepwater flathead; and b) Biglfish.
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Figure 14. Coefficient of variation of estimated relatiberadance index plotted against number of
shots (February — April combined) for: a) deepwater flathead b) Bight redfish.
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Figure 15. Coefficient of variation of estimated relatiberadance index for deepwater flathead
plotted against number of shots (March only).
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Figure 16. Coefficient of variation of estimated relatiberadance index for Bight redfish plotted
against number of shots (March only).
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Figure 17. Coefficient of variation of estimated relatibergdance index for Bight redfish plotted
against number of shots for February.
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Figure 18. Coefficient of variation of estimated relatibergdance index for Bight redfish plotted
against number of shots for March.
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Figure 19. Design of net used during trawl survey.
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Figure 20. Shot locations of trawl survey.
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Figure 21. Proportion (of weight) of major species captdwgthg the February/March 2005 survey.
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Figure 22. Proportion (of weight) of major species captdgthg the December 2005 survey.
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Figure 23. Frequency of catches (kg) of Bight redfish duhied=ebruary/March 2005 survey.
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Figure 24. Frequency of catches (kg) of deepwater flattieadg the February/March 2005 survey.
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Figure 25. Frequency of catches (kg) of Bight redfish dutieddecember 2005 survey.
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Figure 26. Frequency of catches (kg) of deepwater flatti@adg the December 2005 survey.
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Figure 27. Mean and standard error of Bight redfisbhest by time of day during the February/March
2005 survey.
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Figure 28. Mean and standard error of deepwater flattestaties by time of day during the
February/March 2005 survey.
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Figure 29. Length-frequencies of Bight redfish during ther&a&ry/March 2005 survey.
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Figure 30. Length-frequencies of deepwater flathead dti@é ebruary/March 2005 survey.
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Figure 31. Length-frequencies of Bight redfish during thedb#ber 2005 survey.
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Figure 32. Length-frequencies of deepwater flathead dtimm@ecember 2005 survey.

Table 1. Description of strata sampled during the FebriMargh 2005 survey.

Stratum Depth (m) Longitude Area (Rm Number of shots
Central 2 120-200 130.75-132.50 5720 22
Central 1 120-200 129.00-130.25 3965 30
West 2 120-200 127.75-129.00 2700 11
West 1 120-200 126.00-127.75 2600 13

Table 2. Description of strata sampled during the Dece2@5 survey.

Stratum Depth (m) Longitude Area (Rm Number of shots
Inshore 100-120 126.00-133.00 n/a 8
West 3 120-200 125.00-126.00 n/a 4
West 1 120-200 126.00-127.75 2600 8
West 2 120-200 128.00-129.00 2700 7
Central 1 120-200 129.00-130.00 3965 4
Central 2 120- 200 130.75-132.5 5720 4
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Table 3. Mean and standard deviation (SD) length (m), savept(kr)m, speed (knots) and depths
(m) of tows in each stratum.

Stratum Month Tow length Area swept Tow speed Tow depth

Mean SD Mean SD Mean SD Mean SD

(m) (km?) (knots) (m)
Central 2 Feb/Mar 14830 445 1.533 0.046 3.20 0.1 137 8.7
Central1  Feb/Mar 14579 831 1.507 0.086 3.20 0.1 135 17.0
West 2 Feb/Mar 14711 748 1.521 0.077 3.20 0.1 130 9.2
West 1 Feb/Mar 14662 617 1.516 0.064 3.20 0.1 128 9.1
Central2  Dec 15405 444 1.303 0.242 3.33 0.1 132 9.2
Central1  Dec 15520 267 1.412 0.079 3.35 0.06 138 9.1
West 3 Dec 14825 378 1.443 0.125 3.20 0.082 122 8.7
West 2 Dec 15487 365 1.531 0.161 3.34 0.07 133 17.0
West 1 Dec 15208 568 1.452 0.306 3.32 0.08 144 9.2
Inshore Dec 15212 542 1.316 0.120 3.29 0.11 116 9.1
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Table 4. Total catch (kg) of all species in each stnaéind across all strata during February/March

2005 survey.

Species Catch (kg)

Central 2 Central 1 West 2 West 1 Total
Arrow squid 222 356 52 185 815
Barracouta 281 919 240 310 1750
Barred grub fish 1 1 2
Bight ghostshark 4 10 14
Bight redfish 5457 7117 1995 1936 16505
Black shark 10 10
Black spotted gurnard perch 156 135 107 37 435
Black stingray 4 4
Blue grenadier 8 4 12
Blue mackerel 1 6 23 30
Blue warehou 20 81 3 5 109
Bugs 4.4 11 1 1 17.4
Common bellowfish 4 7 3 1 15
Common sawbelly 5 21 4 1 31
Common sawshark 52 174 49 114 389
Common slickhead 1 1
Crinoid 1 1
Cucumber fish 15 15
Cuttlefish unidentified 20 5 1 2 28
Deepwater burrfish 96 63 24 56 239
Deepwater flathead 3626 6012 2489 2831 14958
Deepwater stargazer 36 42 16 8.3 102.3
Degen's leatherjacket 11 11 7 7 36
Eagle ray 12 12
Eel unknown 11 1 2.1
Elephant fish 2 4 6
Footballer sweep 3 3 1 7
Frostfish 3 3
Gemfish 3 23 144 170
Giant boarfish 140 138 55 71 404
Gummy shark 111 268 201 102 682
Hapuku 250 250
Hermit crab 3 1 3 4 11
Jack mackerel 75 348 79 6 508
Jackass morwong 190 1056 93 157 1496
John dory 11 14 10 1 36
Knifejaw 389 463 150 159 1161
Latchet 3739 5000 1299 1515 11553
Long-finned boarfish 213 152 16 74 455
Melbourne skate 36 103 22 161
Ocean jacket 2298 4517 1020 1384 9219
Ocean perch 3 21 5 29
Orange perch 1 1
Ornate angel shark 502 2476 649 600 4227
Piked dogfish 211 413 65 349 1038
Pineapple fish 0.2 0.2
Pink ling 3 3
Port jackson shark 84 114 15 42 255
Queen snapper 461 330 143 208 1142
Red cod 2 5 4 3 14
Red gurnard 114 201 18 57 390
Fishwell Consulting 32 AFMA Project R04/1102



2005 GABTF Resource Survey

Species Catch (kg)

Central 2 Central 1 West 2 West 1 Total
Ribbonfish 2 2
Ringed toadfish 31 72 41 48 192
Round skate 29 3 1 33
Rubyfish 4 555 75 634
Rusty catshark 127 15 11 14 167
Samson fish 20 20
Sandfish 1 1
Sawtail shark 1 5 6
School shark 14 4 18
Sergent baker 54 52 12 11 129
Sharpnose sevengill shark 24 11 4 39
Short-tailed torpedo ray 5 11 5 21
Silver dory 29 35 4 8 76
Silver trevally 20 61 28 109
Smooth stingray 95 332 139 224 790
Snapper 5 13 15 33
Southern calamari 22 4 26
Southern conger eel 40 138 31 33 242
Southern fiddler ray 39 40 5 33 117
Southern rock lobster 1 1
Southern sawshark 21 12 5 7 45
Southern shovelnose ray 6 2 7
Sparsely spotted stingaree 1 1
Spider crab 1 1
Spiny boxfish 16 57 7 4 84
Splendid sea perch 1 43 44
Sponge 1745 190 325 1000 3260
Starfish 6 2 1 4 13
Swallowtail 126 527 283 178 1114
Thetis fish 32 57 5 21 115
Tiger flathead 3 3
Tusk 15 58 84 17 174
Unidentified crabs 1 1
Unidentified octopus 2 1 3
Unidentified whiptalil 20 20
Veilfin 16 5 1 13 35
Velvet leatherjacket 12 39 25 4 80
White-barred boxfish 2 7 3 13 25
White-finned swellshark 5 5
Wide stingaree 106 301 16 27 450
Wobbegong 110 110
Yellow-eye snapper 87 7 40 134
Total 21244.4 33774.1 9854 12262.5 77134
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Table 5. Total catch (kg) of all species in each simand across all strata during the December 2005
survey.

Species Catch (kg)

West3 West2 Westl Centrall Central2 Inshore Total
Arrow squid 272 54 342 90 135 74 967
Australian tusk 55 5 1 1 62
Bailer shells 2 1 3
Barracouta 501 142 186 280 80 327 1516
Barred grubfish 2 0.2 2.2
Bearded rock cod 1 2 3
Bight ghost shark 2 2
Bight redfish 7 596 451 307 81 1491 2933
Bight skate 5 5
Blue grenadier 8 8
Blue mackerel 5 2 6 13
Blue warehou 2 8 10
Bugs 42 1 43
Common bellowsfish 1 2 1 2 6
Common saw shark 26 72 18 12 24 39 191
Crabs 1 1
Cucumber fish 0.5 8 1 9.5
Cuttlefish 15 5 3.5 2.2 12.2
Deepwater burrfish 475 221 340 83 690 330 2139
Deepwater flathead 2244 1012 1367 574 841 939 6977
Deepwater stargazer 1 25 100 11 8 12 157
Degen's leatherjacket 1 12 1 1 4 19
Draughtboard shark 15 12 6 33
Eagle ray 40 30 30 100
Eel (unknown) <1 0
Elephant fish 4 18 6 28
Fiddler ray 87 232 247 132 76 188 962
Footballer sweep 3 3
Four-spined
leatherjacket 2 3 1 5 11
Gemfish 32 17 60 14 2 125
Giant boarfish 60 122 104 21 121 349 777
Green-eyed dogfish 45 71 138 20 15 289
Gulf gurnard perch 1 1
Gummy shark 82 52 59 8 32 69 302
Hapuku 3 17 5 18 25 68
Hard coral 11 9 13 33
Hermit crabs 1 2 3
Jack mackerel 6 17 21 1 4 9 58
Jackass morwong 10 84 122 11 50 178 455
John dory 5 2 9 16
King george whiting 3 3
Knifejaw 111 116 255 62 56 75 675
Latchet 1377 1413 2313 736 2817 1749 10405
Long-finned boarfish 5 32 50 2 30 73 192
Ocean jacket 51 479 791 262 375 1002 2960
Ocean perch -
offshore 15 51 5 51 177 299
Octopus 3 3
Ornate angel shark 41 276 203 231 384 148 1283
Piked dogfish 38 438 185 45 345 660 1711
Port jackson shark 51 43 15 5 64 14 192
Queen snapper 14 139 84 2 54 190 483
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Species Catch (kg)

West3 West2 Westl Centrall Central2 Inshore Total
Red cod 2 2
Red gurnard 4 41 28 39 30 74 216
Redbait 1 1 2 14 18
Ringed toadfish 55 101 57 30 20 31 294
Round skate 4 4
Rubyfish 270 15 3 1 289
Ruddy gurnard perch 3 6 16 4 29
Rusty catshark 19 19 11 18 67
Sandpaper fish 19 19
Sawtail shark 1 2 3
Scallop <1 0
School shark 14 3 17
Sergeant baker 31 5 39 82 157
Sharpnose seven-gill
shark 12 8 20
Silver dory 1 2 5 4 12
Silver trevally 2 2
Smooth stingray 15 87 110 25 80 317
Snapper 5 3 3 11
Southern calamari 2 2
Southern conger eel 19 10 24 4 57
Southern frostfish 34 6 40
Southern rock lobster 1 1
Southern saw shark 7 32 7 3 13 75 137
Spiny boxfish 2 <1 1 2 4 9
Splendid sea perch <1 10 10
Sponge 65 2925 295 75 160 4070 7590
Starfish 1 0.5 1 0.5 3
Swallow-tail 150 602 184 100 210 1246
Thetis fish 7 8 2 1 11 6 35
Tiger flathead 4 4
Tubeworms 10 30 40
Veilfin 31 10 133 174
Western sea perch 1 1 2
Whiskery shark 3 3
White-barred boxfish 2 6 22 2 36 45 113
White-spotted skate 5 5
Whitley's skate 12 65 77
Wide stingaree 4 525 276 8 450 3080 4343
Wobbegong 40 20 60
Yellow-backed
stingaree 9 9
Yellow-eyed snapper 1 3 1 5
Total 5998.5 9826.5 9203.5 3333.7 7357 16271.7 51990.9
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Table 6. Catch (kg) Bight redfish and deepwater flatheaddch stratum point during the
February/March 2005 survey.

Shot code Shot  Stratum point Shot date Zflme Start Point Finish Point Catch (kg)
shot
Lat Long Lat Long Lat Long Felgz;h Eaiﬁg\ggter

C2-01-2005 1 33°55'  132°28' 18/02/200516:20 33°55.16' 132°31.45' 33°52.56' 132°33.22' 58 54
C2-02-2005 2 33°43'"  132°10' 18/02/200%0:50 33°44.10' 132°12.23'" 33°40.01' 132°03.94'150 105
C2-03-2005 3 33°27'  131°52' 19/02/200900:55 33°31.42' 131°57.19' 33°25.94' 131°49.58'260 144
C2-04-2005 4 33°19' 131°04' 19/02/200510:20 33°20.60' 131°09.49' 33°18.72' 131°00.91' 69 14
C2-05-2005 5 33°23'"  131°22' 19/02/20096:59 33°22.99' 131°22.04' 33°22.36' 131°11.98' 55 350
C1-06-2005 6 33°16' 130°13" 19/02/200%2:36 33°14.91' 130°16.20' 33°16.45' 130°05.95'270 100
C1-07-2005 7 33°07' 130°13' 19/02/200518:12 33°06.86' 130°13.72' 33°10.36' 130°05.01' 90 100
C1-08-2005 8 33°16' 130°07' 20/02/20092:05 33°16.12' 130°07.96' 33°12.57' 129°59.17'240 140
C1-09-2005 9 33°13'"  129°49' 20/02/20095:40 33°13.08' 129°51.40' 33°13.10' 129°41.67'330 352
C1-10-2005 10 33°16' 129°41' 20/02/200%9:10 33°15.93' 129°43.40' 33°17.39' 129°34.01'600 140
C1-11-2005 11 33°13'" 129°34' 20/02/200812:48 33°13.50' 129°36.54' 33°14.30' 129°26.67' 13 280
C1-12-2005 12 33°16' 129°25' 20/02/200815:45 33°15.21' 129°26.28' 33°19.43' 129°17.90' 18 245
C1-13-2005 13 33°16' 129°19" 20/02/200519:10 33°19.01' 129°12.86" 33°14.92' 129°21.15' 86 320
C1-14-2005 14 33°17' 129°10° 20/02/200%22:39 33°15.74' 129°14.28' 33°18.65' 129°04.27'300 280
C1-15-2005 15 33°19' 129°04' 21/02/200%2:00 33°19.05' 129°05.92' 33°18.40' 128°55.61'150 210
W2-16-2005 16 33°17'" 128°33' 21/02/20097:17 33°17.00' 128°34.93' 33°15.08' 128°26.06' 10 250
W2-17-2005 17 33°13'" 128°04' 21/02/200511:29 33°13.24" 128°11.21' 33°13.83' 128°01.20' 23 210
W1-18-2005 18 33°10' 126°58' 21/02/200%0:17 33°10.25' 127°01.51' 33°10.16' 126°51.13'248 240
W1-19-2005 19 33°16'  126°19' 22/02/20092:40 33°16.02' 126°18.95' 33°14.12' 126°27.74'171 185
W1-20-2005 20 33°17'" 126°13' 22/02/20096:23 33°16.23' 126°18.93' 33°15.82' 126°09.93' 25 445
W1-21-2005 21 33°13'"  126°17' 22/02/20099:35 33°14.01' 126°13.65' 33°11.83' 126°23.38' 41 446
W1-22-2005 22 33°10" 126°42' 22/02/200513:55 33°10.06' 126°38.95' 33°09.47' 126°49.15' 6 222
W1-23-2005 23 33°13'" 126°58' 22/02/200517:05 33°10.75' 126°52.37' 33°12.67' 127°02.14' 3 148
W2-24-2005 24 33°13"  128°25' 23/02/200904:45 33°12.83' 128°24.77' 33°14.67' 128°34.25'404 292
W2-25-2005 25 33°17' 128°37' 23/02/20097:05 33°15.91' 128°35.59' 33°18.47' 128°46.25' 40 188
C1-26-2005 26 33°19' 129°07' 23/02/200812:59 33°19.36' 129°05.10' 33°15.97' 129°13.94' 7 292
C1-27-2005 27 33°16' 129°13" 23/02/200816:10 33°15.97' 129°12.32' 33°14.11' 129°22.13'197 243
C1-28-2005 28 33°16'  129°22' 23/02/200819:52 33°16.87' 129°19.72' 33°12.51' 129°28.30'390 212
C1-29-2005 29 33°19' 129°31' 23/02/200%23:05 33°14.24' 129°26.30' 33°19.77' 129°32.99'242 136
C1-30-2005 30 33°19'  129°34' 24/02/200%2:10 33°19.01' 129°33.37' 33°16.23' 129°42.45'424 224
C1-31-2005 31 33°13'  129°43" 24/02/200%5:10 33°14.90' 129°42.21' 33°12.69' 129°50.48'535 245
C1-32-2005 32 33°08' 130°04' 24/02/200%9:06 33°07.85' 130°00.00" 33°10.98' 130°07.93' 18 125
C1-33-2005 33 33°13'" 130°10" 24/02/200812:22 33°12.88' 130°05.47' 33°13.53' 130°14.99' 0 237
C1-34-2005 34 33°13'" 130°13" 24/02/200815:36 33°12.87' 130°12.52' 33°13.29' 130°22.01' 12 197
C2-35-2005 35 33°22'  131°13" 24/02/200%23:40 33°21.93' 131°12.25' 33°21.26' 131°21.49'490 209
C2-36-2005 36 33°22'  131°34' 25/02/200%5:50 33°19.52'" 131°33.53' 33°25.18' 131°39.38'807 130
C2-37-2005 37 33°19'  131°33" 25/02/200%2:50 33°20.71' 131°25.09' 33°18.64' 131°34.84'512 85
C2-38-2005 38 33°38'  132°04' 25/02/200811:45 33°37.79' 132°02.63' 33°41.94' 132°10.88' 4 100
C2-39-2005 39 33°46' 132°13" 25/02/200814:50 33°43.89' 132°09.52" 33°49.28' 132°16.95' 0 333
C2-40-2005 40 33°47' 132°16' 21/03/200819:42 33°47.64' 132°18.13' 33°43.51' 132°09.25' 99 138
C2-41-2005 41 33°37'  131°58"' 21/03/200%3:32 33°38.37' 132°00.51' 33°33.15' 131°53.24' 27 173
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Shot code Shot  Stratum point Shot date Zflme Start Point Finish Point Catch (kg)
shot
Lat Long Lat Long Lat Long Felgz;h Eaiﬁg\ggter

C2-42-2005 42 33°28'  131°49" 22/03/200%2:40 33°30.71' 131°52.03' 33°26.43' 131°43.18'182 190
C2-43-2005 43 33°19'  131°26' 22/03/200%7:10 33°20.18' 131°29.86' 33°18.22' 131°20.97'628 207
C2-44-2005 44 33°22" 131°10° 22/03/200510:30 33°20.18'" 131°15.42' 33°21.81' 131°05.98' 11 137
C2-45-2005 45 33°19' 131°00° 22/03/2008.3:35 33°20.83' 131°03.63' 33°17.93' 130°54.71' 5 141
C1-46-2005 46 33°16' 129°46' 22/03/200%21:58 33°16.65' 129°52.55' 33°15.18' 129°42.93'595 259
C1-47-2005 47 33°16' 129°34' 23/03/200%1:00 33°15.15' 129°40.21' 33°17.10' 129°30.58'529 328
C1-48-2005 48 33°15' 129°31' 23/03/200%4:00 33°16.81' 129°30.00' 33°11.01' 129°36.72'231 243
C1-49-2005 49 33°13'"  129°22' 23/03/200%7:35 33°12.13' 129°31.25' 33°12.99' 129°21.70' 50 173
C1-50-2005 50 33°19' 129°16' 23/03/200511:01 33°16.89' 129°20.02' 33°18.15' 129°11.00' 33 156
C1-51-2005 51 33°17' 129°05' 23/03/2005814:10 33°17.68' 129°09.21' 33°15.90' 128°59.88'264 207
W2-52-2005 52 33°16' 128°58' 23/03/200517:10 33°15.71' 128°59.69' 33°16.16' 128°49.98' 19 212
W2-53-2005 53 33°15'  128°43' 23/03/200520:32 33°14.80' 128°43.97' 33°14.96' 128°34.11'197 192
W2-54-2005 54 33°19' 128°34' 24/03/200900:25 33°18.99' 129°36.42' 33°17.84' 128°27.41' 34 33
W1-55-2005 55 33°13'"  127°25' 24/03/20099:30 33°13.30" 127°26.48' 33°13.04' 127°16.41' 89 174
W1-56-2005 56 33°15'  126°52' 24/03/200514:02 33°13.17' 126°58.92' 33°13.25' 126°48.89' 0 160
W1-57-2005 57 33°10' 126°34' 24/03/200518:08 33°09.98' 126°36.66' 33°11.81' 126°26.79' 55 197
W1-58-2005 58 33°16' 126°12' 24/03/200%21:36 33°13.29' 126°19.95' 33°15.93' 126°10.62'498 138
W1-59-2005 59 33°15'"  126°19' 25/03/200900:30 33°15.41' 126°11.29' 33°15.06' 126°21.10'528 160
W1-60-2005 60 33°10'" 126°46' 25/03/20095:10 33°10.38' 126°39.29' 33°10.08' 126°47.76'264 128
W1-61-2005 61 33°16'  127°22' 25/03/200511:30 33°15.64' 127°18.08' 33°16.07' 127°28.11' 8 189
W2-62-2005 62 33°17'" 128°34' 25/03/200%20:42 33°13.75' 128°28.17' 33°16.32' 128°36.37'206 207
W2-63-2005 63 33°13'"  128°35' 26/03/20090:09 33°15.22" 128°41.10' 33°10.65' 128°33.70'149 281
W2-64-2005 64 33°12" 128°45' 26/03/20093:42 33°11.90' 128°38.78' 33°13.60' 128°47.84'334 133
C1-65-2005 65 33°16' 129°01' 26/03/200%7:10 33°15.22'" 128°53.36" 33°16.03' 129°03.43' 84 197
C1-66-2005 66 33°16' 129°13' 26/03/2005810:15 33°17.12'" 129°05.94' 33°17.05' 129°12.94'275 88
C1-67-2005 67 33°17' 129°19" 26/03/200812:40 33°17.22' 129°12.44' 33°17.30' 129°21.39' 4 217
C1-68-2005 68 33°19' 129°28' 26/03/200815:35 33°18.19' 129°22.45' 33°18.07' 129°31.21' 3 188
C1-69-2005 69 33°10'" 129°34' 26/03/2005819:41 33°09.33' 129°34.49' 33°17.08' 129°34.22'274 138
C1-70-2005 70 33°16' 129°43" 26/03/200%22:40 33°17.03' 129°34.63' 33°15.76' 129°44.07'1189 322
C1-71-2005 71 33°12" 129°50" 27/03/200%2:05 33°16.52" 129°44.68' 33°11.08' 129°50.09'776 190
C2-72-2005 72 33°17' 131°10° 27/03/2005812:00 33°16.49' 131°09.00' 33°21.45' 131°16.13' 6 141
C2-73-2005 73 33°23'" 131°16' 27/03/200814:55 33°22.44' 131°15.47' 33°22.57' 131°25.10' 1 150
C2-74-2005 74 33°22' 131°40" 27/03/200818:30 33°20.67' 131°33.02' 33°23.59' 131°41.93'1134 369
C2-75-2005 75 33°34'  131°50" 27/03/200®21:55 33°26.68' 131°46.66' 33°34.26' 131°50.29'469 208
C2-76-2005 76 33°37' 132°01' 28/03/200%1:15 33°34.17' 131°55.31' 33°39.01' 132°02.97'221 126
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Table 7. Catch (kg) Bight redfish and deepwater flatheaddch stratum point during the December
2005 survey.

Shot code Shot  Stratum point Shot date Zflme Start Point Finish Point Catch (kg)
shot

Lat .

g; o Long Lat Long Lat Long Felgz;h ;IDaetﬁg\;/gter
125-126 1 120m 125°51 5/12/2005 13:15 33°46.11' °2289' 33°40.66' 125°36.55' 2 462
125-126 2 128m 125°7 5/12/2005 16:30 33°37.76' 32BY" 33°32.68' 125°47.89' 1 630
126-127.75 3 33°2 126°2 5/12/2005 22:40 33°12.0426°11.55' 33°12.09' 126°20.78' 46 100
126-127.75 5 33°2 126°8 6/12/2005 03:30 33°12.33' 126°41.45' °1323' 126°52.82' 360 140
126-127.75 4 33°2 127 6/12/2005 06:45 33°10.86' °3@@7' 33°12.86' 127°07.45' 0 211
126-127.75 7 33°3 127°5 6/12/2005 13:00 33°16.5727°24.44' 33°17.93' 127°34.91' 0 37
126-127.75 8 33°3 127°7 6/12/2005 17:10 33°18.1427°46.06' 33°16.46' 127°55.00' 60 72
128-129 9 33°2 128°2 6/12/2005 21:35 33°14.16' 1234' 33°12.04' 128°19.13 15 110
128-129 10 33°3 128°5 7/12/2005 02:25 33°17.62' °2287' 33°19.00' 128°39.53' 90 19
128-129 11 33°2 128°7 7/12/2005 05:50 33°16.73' °4280" 33°08.96' 128°43.12' 35 181
inshore 12 108m 128°79 7/12/2005 08:55 33°08.01'8°4208"' 33°13.48' 128°54.25' 870 252
128-129 13 33°2 128°3 7/12/2005 12:15 33°12.48' °3284' 33°17.95' 129°01.62' 6 210
129-130 14 33°3 129°5 7/12/2005 17:00 33°18.34' °2@90' 33°17.35' 129°31.56' 35 141
129-130 15 33°2 129°6 7/12/2005 20:20 33°17.36' °3R94' 33°11.46' 129°37.04' 150 183
129-130 16 33°3 129°9 8/12/2005 00:15 33°18.09' °4£90" 33°17.70' 129°55.17' 120 110
130.75-132.5 17 33°5 131°3 8/12/2005 08:15 33°17.9830°50.20" 33°18.32' 131°00.09' 0 320
130.75-132.5 18 33°3 131°4 8/12/2005  12:35 33°12.2631°22.87' 33°19.57' 131°25.79' 11 100
130.75-132.5 19 33%4 131°5 8/12/2005 16:25 33°24.6031°30.62' 33°12.96' 131°12.03' 40 350
130.75-132.5 20 33°7 132°2 8/12/2005  19:30 33°17.9631°12.03' 33°17.50' 131°11.72' 30 71
inshore 21 107m 130°88 9/12/2005 00:05 33°08.88'1°0@76' 33°08.94' 130°51.64' 60 70
inshore 22 111m 129°89 9/12/2005 07:30 33°07.45'0°AB80" 33°08.26' 129°52.47' 0 140
129-130 23 33°2 129°9 9/12/2005 11:05 33°11.99' °3@99' 33°09.92' 129°46.85' 2 140
Inshore 24 112m 129°48 9/12/2005 15:25 33°06.56'9°3R34' 33°08.21' 129°21.35' 400 71
128-129 25 33°2 129 9/12/2005 19:30 33°11.29" 128® 33°09.95' 128°54.85' 150 323
128-129 26 33°2 128°8 9/12/2005 22:40 33°11.63' °3@87' 33°12.37' 128°45.75' 60 282
128-129 2% 33°3 128°6 10/12/2005 02:30 33°18.88' 128°41.683°13.50' 128°31.83' 60 100
128-129 24 332 128°3 10/12/2005 08:05 33°13.78' 128°21.503°13.07' 128°12.11' 7 181
126-127.75 3 332 127°7 10/12/2005 14:55 33°13.10' 127°45.763°1B3.40' 127°36.19' 90 96
126-127.75 33 33°2 126°9 10/12/2005 23:20 33°12.4¥27°00.95' 33°11.00' 126°51.60' 60 140
inshore 34 117m 126°71 11/12/2005 03:05 33°09.4626°46.06' 33°10.28' 126°35.90' 126 180
126-127.75 35 33°2 126°6 11/12/2005 06:25 33°11.9926°36.81' 33°14.61' 126°27.56' 0 280
125-126 36 134m 125°85 11/12/2005 14:20 33°28.3125°83.37' 33°34.09' 125°45.69' 4 420
125-126 37 125°54 11/12/2005 18:35 33°39.37' 129B 33°43.15' 125°30.55' 0 732

7Note: Shots 6, 28, 30 and 32 were pinned up andaropleted.
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Table 8. Species and numbers of fish for which lengbh, @nd otolith samples were collected during
2005 survey.

Species Length frequency Otoliths collected
Feb/Mar Dec Feb/Mar Dec

Deepwater flathead 1122 1231 315 340

Bight redfish 1381 416 320 150

Ocean jacket 335 336

Gemfish 0 10

Giant boarfish 72 241

Hapuku 21 1

Jackass morwong 252 95

Knifejaw 161 155

Latchet 21 331

Queen Snapper 80 75

Red gurnard 70 70

Ornate angel shark 26 104

Blue warehou 11 0

Table 9. Estimated total relative biomass (t) with goefiit of variation (c.v.) of major commercial
species in across all strata from 2005.

Day and night (hauls=76) Day time (hauls=37) Night tithauls=39)
Assumed swept  103.4m 16.3m 103.4 m 16.3 m 103.4 m 16.3 m
width
Species t C.V. t C.V. t C.V. t C.V. t C.V. t C.V.
Bight redfish 2128  0.14 13498 0.14 847 036 5375 360. 3293 0.3 20887 0.13
Deepwater flathead ~ 1916  0.05 12152  0.05 1903  0.09207Q 0.09 1899  0.06 12046  0.06
Ocean jacket 1129 014 7163 014 388 016 2459  0.161813 0.14 11499 0.14
Common sawshark 47 016 298 0.16 46 0.24 293 024 4 4 014 277 014
Giant boarfish 55 019 349 019 55 0.29 347 0.29 56 0.28 354  0.28
Gummy shark 88 017 558 0.17 38 0.34 243 0.34 135 170 854  0.17
Jackass morwong 62 034 1025 034 143 0.8 906 0.18173 059 1099  0.59
Knifejaw 151 012 955 012 18 0.6 1176  0.16 121 180 770  0.18
Latchet 1482 013 9401 0.3 1673 020 10616 020 6613 0.16 8666  0.16
Ornate angel shark 485  0.09 3078 0.09 373 012  2363.12 591 013 3752 013
Piked dogfish 132 024 834 024 79 050 498 050 618 0.32 1181  0.32
Queen snapper 160 020 1015 020 162 025 1025  0.25162 032 1028 0.32
Other species 1843 0.3 11693 0.13 1555 0.19  9862.19 0 2052  0.18 13017 0.18
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Table 10. Estimated total relative biomass (t) with coieffit of variation (c.v.) of major commercial
species in across all strata from the December 2005 suBasyand night shots are combined
(Number of tows = 33).

Assumed swept 93 m 16.3m
width

Species t C.V. t C.V.
Bight redfish 1668 0.41 10581 0.41
Deepwater flathead 2684 0.12 17024 0.12
Ocean jacket 1497 0.24 9495 0.24
Common sawshark 74 0.19 469 0.19
Giant boarfish 420 0.14 2665 0.14
Gummy shark 123 0.18 781 0.18
Jackass morwong 241 0.32 1526 0.32
Knifejaw 241 0.19 1529 0.19
Latchet 5344 0.11 33902 0.11
Ornate angel shark 700 0.24 4443 0.24
Piked dogfish 985 0.30 6250 0.30
Queen snapper 237 0.23 1503 0.23
Other species 10672 0.17 67700 0.17
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