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Figure 1. Map of GUR QMAs.

1. DESCRIPTION OF THE PROGRAMME

The first GUR 3 TACC increase (from 524 t to 601opk effect in the 1991-92 fishing year
under the adaptive management programme (AMP)ub&exjuent increase from 601 t to
900 t was granted on 01 October 1997 for the 2987ishing year. The five year period for
the second AMP increase expired on 30 Septembé&. 2008e GUR 3 AMP was reviewed in
2002 and was retained in the AMP at a reduced TAC&D0 t which began on 01 October
2002.

This paper is a two-year review of the GUR 3 AMRhe AMPWG for the period ending

30 September 2008. Several earlier reviews o&& 3 AMP have been presented to the
AMPWG: Starr (1996), SeaFIC (2000), SeaFIC (2082gpFIC (2005) and Starr et al. (2007).
The retention of GUR 3 in the AMP was justified enthe adaptive management provision
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that the Stock abundance appears to have remained stablerwnulrent catch levels, i.e.
current catch levels appear to be having no efbecstock siZe

2. OBJECTIVE OF THE PROGRAMME

To determine the size, geographical extent and-teng sustainable yield of the GUR 3
Fishstock.

3. INFORMATION ABOUT CURRENT RESEARCH

The preferred method to monitor this Fishstock widag through a trawl survey. The east
coast South Island trawl survey was suspendecefaaral years because it was unclear how
well it monitored key species. This survey wasinesd as a winter series in May 2007,
repeated in May 2008 and is scheduled to be reppeat@n in May 2009. It is not expected
that this survey will monitor gurnard very wellygn the high variability and shallow
distribution associated with this species. GUR 8lso monitored using CPUE biomass
indices derived from catch and effort data fromehset coast South Island bottom trawl target
red cod and flatfish fisheries. Length informatisrobtained from the catch of the east coast
South Island inshore bottom trawl fishery as weltlge winter east coast South Island trawl
survey.

The conditions of the AMP require that the monitgrprogramme havei( order of
importance/significancg: “ 1) Expectation that information obtained will prdei means to
monitor changes in stock status, or 2) Developroéguantitative index of abundance to
monitor stock status on an on-going basis and d&piea that information obtained over 5
years will provide assessment of stock statusiveldd MSY and estimates of sustainable
yield’. Both of these expectations are dependent otetred of contrast that will be
generated over the period of observation: smalhgha in biomass will require very precise
measures of biomass level. Measurement tools whaphbe adequate to detect large
biomass changes will usually fail if the biomasargyes are within the level of precision of
the estimate. Given that CVs in the order of 20@cc@nsidered acceptable by the Ministry
of Fisheries, then biomass changes greater thametrel of uncertainty need to be generated
in the appropriate time frame in order to complyhwhe expectations stated in the AMP
“Framework”.

4. INFORMATION ABOUT THE STOCK /FISHERY

4.1 BIOLOGY

Red gurnard are a common species throughout thEEZZ with total commercial catches of
approximately 2 000 to 3 000 t per year. Itismhacaught as a by-catch species in coastal
bottom trawl fisheries, although there is somedtfighing as well. Ageing work has been
done on this species by Elder (1976), Sutton (188d)Hanchet et al. (2000). This species is
fast growing, reaching sexual maturity at an age-8fyears at mean fork length of about

23 cm (MFish Science 2006). Growth rate paramétave been estimated as well as M.

M is estimated at 0.35 for female (maximum age d&g) and at 0.29 for male (maximum
age 16 years) red gurnard. These estimates mbyabded high as they were taken from a
fished population.
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4.2 TRENDS IN COMMERCIAL CATCH

GUR 3 catches exceeded the TACC from the 39930 the 199697 fishing years

(Figure 2; Table 1). However, catches then dromuediderably between 1997-98 and
1999-00 (Figure 2; Table 1). Catches rose in 20826 exceed the TACC at 888 t and have
exceeded the AMP TACC in three of four most redishing years. The highest level of
landings since the series began in 1986—-87 wasdedat 1 004 t in 2006—07. Catches
dropped to 842 t in 2007-08 but remained abovetinent TACC.

Table 1. Reported landings (t) and TACC (t) of gednard in GUR 3 from 198®7 to 2007-08 (Data sources:
QMR [1986-87 to 2000—-01]; MHR [2001-02 to 2007-08].

Year QMR, TACC,
1986-8 21C 48(
1987-88 38¢ 48¢
1988-89 53z 48¢
1989-90 694 501
1990-91 66( 524
1991-92 53¢ 60C
1992-93 484 601
1993-94 711 601
1994-95 68¢€ 601
1995-96 62¢ 601
1996-97 64( 90C
1997-98 47¢ 90C
1998-99 39¢ 90C
1999-00 41C 90C
2000-01 56¢ 90(
2001-02 71¢€ 90(
2002-03 88¢ 80C
2003-04 72k 80C
2004-05 854 80C
2005-06 957 80C
2006-07 1 00¢ 80C
2007-08 842 80C
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Figure 2 Catch history and TACC (t) for GUR 3 frdime 1986—87 to the 2007-08 fishing years (Table 1)
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4.3 REGULATIONS AFFECTING THE FISHERY

The data provided by MFish indicate that almostexdl gurnard are landed “green” and
consequently there have not been any importantggsaim the gurnard conversion factors
(see Section 4.4.2). Deemed values, the pengtyeapto landing quota species when the
fisher has insufficient ACE (Annual Catch Entitlemeto balance the landings, have been
used as the deterrent to control overcatch in GURI@wever, if these penalties are set too
high, there is the potential for dumping at sea@msequent loss of catch information.
Deemed values are generally set by MFishdve ACE price and below landed (port) ptice
(Scott Walker, MFishpers. comn). Deemed values were increased for GUR 3 for 2008
to discourage the overcatch of red gurnard (Taple 2

Table 2. Annual and interim deemed values for Bl fishing year from 2001-02 (source: Ray Voller,
MFish, pers. comn). Also shown is the amount by which ACE must keeeded for deemed value
penalties to apply. ‘—': not applicable

Annual Interim Excess of ACE for deemed value
MHR Deemeld Deemezd penalties to apply:

Fishin landings TACC Value Value " .

voar (?) 0 (Skg)  ($kg) 100¢( landings/  ACE)
2001-02 716 900 $0.85 $0.43 120%
2002-03 888 800 $0.85 $0.43 120%
2003-04 725 800 $0.85 $0.43 120%
2004-05 854 800 $0.85 $0.43 120%
2005-06 957 800 $0.85 $0.43 120%
2006-07 1004 800 $0.85 $0.43 120%
2007-08 842 800 $1.60 $0.80 120%
2008-09 - 800 $1.60 $0.80 156%

Tapplied at end of year to landings not covered BYEAut less than lower limit shown in final column
Zapplied when landing in excess of ACE but refuniléCE is subsequently provided
3applicable deemed values in excess of ACE: 150%0864.60%=$2.56; 180%=$2.88; 200%=%$3.20

4.4 ANALYSIS OF GUR 3 CATCH AND EFFORT DATA

4.4.1 METHODS USED FOR 2007 ANALYSIS OF MFISH CATCH AND EFFORT DATA

The methods used to prepare the MFish catch/aftdet have remained essentially
unchanged since 2002, except for some refinemdrits.current methodology used to
prepare these data for both the characterisatidrirenCPUE analyses has been documented
elsewhere (Starr 2007).

However, there are still shortcomings with analgdime catch and effort data using the
procedure described by Starr (2007), because dbtlosving issues:

Trips which land to more than one Fishstock areatided if they fish in “straddle”
statistical areas which are valid for each of tlehgtocks landed. All trips which land
multiple Fishstocks and fish in these ambiguoutissizal areas have been dropped
from the analysis.

The most detailed level of area attributable for tip is the statistical area because of
a limitation in the design of the CELR system amel tequirement to merge the CELR
and TCEPR data for this species. Trips with migsitatistical areas have used the
predominant (most frequent) statistical area tarfithe missing datum. The few trips
which had no statistical area information were geap
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Landed greenweight catch is attributed to spestftistical areas, method and target
species by assuming that the estimated catchbgse ttategories are distributed
correctly. This will lead to some error becausealscatches from some strata are often
not included in the estimated catch data. If rioveded catch is available for a trip, the
procedure uses the distribution of effort to pamitthe landed catch for that trip, a
procedure which could lead to some bias becawssitmes equal catchability in all
strata.

Table 3. Comparison of the sum of the landed catihs (t) (bottom part of the MFish CELR form) twithe
total catch (t) reported by QMR/MHR for GUR 3 bgting year. Also shown are the total landings from
the analysis dataset and the sum of the estimateties from the trips included in the analysis sktta
N, =number trips/year in total datase{;=number trips/year in analysis dataset; =landed catch from

trip stratumi in yeary; C  =estimated catch from trip straturin yeary.

QMR Ny s A A A AC
[Tabled Sb= hy L AL= L, AL AG=E G, v
Fishing = QMR = SL, = AL,
Year t)
(t) (%) (t) (%) (t) (%)
89/90 694 601 87 580 97 517 86
90/91 660 638 97 621 97 574 90
91/92 539 505 94 496 98 438 87
92/93 484 464 96 459 99 396 85
93/94 711 696 98 689 99 640 92
94/95 686 672 98 611 91 568 84
95/96 628 601 96 593 99 532 89
96/97 640 616 96 609 99 531 86
97/98 476 486 102 469 96 394 81
98/99 396 416 105 388 93 331 80
99/00 410 433 106 402 93 348 80
00/01 569 584 103 559 96 508 87
01/02 716 720 100 695 97 622 86
02/03 888 882 99 877 99 830 94
03/04 725 708 98 703 99 668 94
04/05 854 849 99 840 99 769 91
05/06 957 949 99 946 100 905 95
06/07 1004 1002 100 990 99 960 96
07/08 842 836 99 827 99 827 99

Trips with missing method codes are filled in witle method from the remaining
events if only one method is reported for that trifpa trip with a missing method code
reports more than one method, the entire tripappked.

Trips which report no target species codes arepdput events within a trip which
have missing target species codes are filled ih thié predominant (most frequent)
target species for the trip.

New forms which have been designed to provide rdetailed spatial and other
information have been introduced: the NCELR (ngtttatch-effort landing return) on
1 October 2006 and the TCER (Trawl catch-effoimegt on 1 October 2007. These
forms have been treated similarly to the TCEPRMtatch-effort processing returns)
by collapsing the information to a level consistetth the CELR forms. More detailed
information will be extracted from these forms aans progress.

The catch totals (Table 3; Figure 3) resulting fribia dataset used for this analysis may not
be the same as those reported to the QMS systesmdethe QMS is a separate reporting
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system than the MFish catch/effort reporting systdihe data are further modified during the
preparation procedure described above becauseatepropped with a corresponding loss of
data, including dropping trips which have largediags of the target Fishstock without
sufficient effort to corroborate the large landinfhe most important source of data loss in
this procedure results from dropping trips whichéd in straddling statistical areas and
which report more than one valid Fishstock for gtatistical area (Table 3).
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QMR/MHR Landed catch = = = Analysis Dataset Estimated Catch

Figure 3. Plot of catch datasets presented in€l8bIThe estimated catch total is the sum of shienated catch
in the analysis dataset.

Catch totals in the fishery characterisation tabhkge been scaled to the QMR/MHR totals
reported in Table 1 by calculating the ratio ofstaeatches with the total annual landed catch
in the analysis dataset and scaling all the lamd¢ch observations)(within a trip using this
ratio:

QMR,

AL

whereQMR , L, and AL, are defined in Table 3.

Eqg. 1

L, =L,
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Figure 4. [left panel]: Scatter plot of the sunmarfded and estimated red gurnard catch for egrintthe
analysis dataset. [red right panel]: Distribut{@reighted by the landed catch) of the ratio of khib
estimated catch per trip. Trips where the estichas#ch=0 have been assigned a ratio=0.

Table 4. Summary statistics pertaining to the rpg of estimated catch from the GUR 3 analysisskt. A,,
L, AL, , and AC, are defined in Table 3;” is defined in Eq.1Z,: number of trips in yeay with no
estimated catch; 5%: fifth percentile; 50%: med@B%b: ninety-fifth percentile.

Trips with landed catch but which report | Dataset statistics (excluding 0s) for the ratio gf
no estimated catch landed/estimated catch by trip
z Zy o
Fishing - Ly L, AL AL AL AL
year A =1 = AC, 5% AC, 50% AC, Mean AC, 95%
(%) A ®
(%)

89/90 25 7 52 0.53 1.00 1.16 2.00
90/91 33 5 35 0.56 1.00 1.15 2.00
91/92 35 7 39 0.55 1.00 1.16 2.00
92/93 39 11 55 0.55 1.00 1.18 2.13
93/94 34 7 49 0.60 1.00 1.13 2.00
94/95 36 8 57 0.53 1.00 1.11 1.96
95/96 34 10 60 0.50 1.00 1.12 2.00
96/97 36 13 84 0.50 1.00 1.15 2.00
97/98 39 15 73 0.47 0.99 1.07 2.00
98/99 38 14 57 0.47 0.99 1.11 1.92
99/00 40 13 55 0.47 0.97 1.09 2.00
00/01 39 11 62 0.49 0.97 1.09 2.00
01/02 34 7 52 0.52 0.98 1.13 2.10
02/03 30 5 41 0.50 0.99 1.52 2.00
03/04 28 5 38 0.58 0.97 1.22 2.07
04/05 24 6 54 0.50 0.98 1.14 2.17
05/06 25 4 41 0.55 0.98 1.15 2.00
06/07 20 4 36 0.53 0.98 1.10 2.00
07/08 12 1 11 0.50 1.00 1.15 2.16
Total 32 7 951 0.50 1.00 1.15 2.00

Annual totals from this dataset compared with thieusal QMR/MHR totals in Table 1 are

presented in Table 3 and Figure 3. Total landfry® the bottom part of the CELR form are
similar to the landings in the QMR/MHR system, rauggfrom -13% to +6% compared to the
official QMR/MHR system. There is a small but cstent shortfall between the landed and
estimated catch by trip for GUR 3 (Table 3; FigByewith the sum of the estimated catches
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ranging from 80 to 95% of the landed catch forttigs included in the analysis dataset

(Table 3). A comparison scatter plot of the estedaand landed catch by trip shows that
relatively few trips overestimate the landing tdtalthe trip and that the majority of the trips

are close to the 1:1 line ([left panel] Figure Zhe distribution of the ratios of the landed to
estimated catch shows that the majority of thesatire grouped near one and that, unlike other
species, there are no obvious modes to the rigtmeodiistribution ([right panel] Figure 4).

The 5% to 95% percentiles (excluding trips wheerdhs no estimated catch) for the ratio of
landed to estimated catch range from 0.50 to 220€¢he dataset, with the median ratio of the
estimated catch at 100% of the landed catch anch#an ratio at 15% higher than the
estimated catch (Table 4). Seven percent of bypsnded weight and 32 % by number
estimate no red gurnard at all, for total landiafjaround 950 t over the 19 years of data
(Table 4).

4.4.2 DESCRIPTION OF GUR 3 LANDING INFORMATION

Landing data for red gurnard were provided fotrghls which landed GUR 3 at least once,
with one record for every reported GUR landing I{iding GUR QMAs from Fishstocks
adjacent to GUR 3) from the trip. Each of thesmrds contained a reported green weight (in
kg), a code indicating the processed state ofahdihg, along with other auxiliary

information such as the conversion factor usedntireber of containers involved and the
average weight of the containers. Every landingm also contained a “destination code”
(Table 5), which indicated the category under whiahlanding occurred. The majority of

the landings were made using destination code ldrided to a Licensed Fish Receiver;
Table 5). However, other codes (e.g., A, O anddlile 5) also potentially described valid
landings and were included in this analysis. A hanof other codes (notably R, Q and T,
Table 5) were not included because it was felt tinege landing were likely reported at a later
date under the “L” destination category. Two ottedes (D and NULL) represented errors
which could not be reconciled without making unvaated assumptions.

Table 5. Destination codes in the unedited landiatg received for the GUR 3 analysis. The “hoedls
column indicates which destination codes were thetlin the characterisation and CPUE analyses.

Destination code Number events  Green weight (t) Des@tion How used
L 92914 13,673.0 Landed in NZ (to LFR) Keep
U 104 53.1 Bait used on board Keep
C 229 42.9 Disposed to Crown Keep
A 57 5.0 Accidental loss Keep

E 259 4.6 Eaten Keep
W 201 2.7 Sold at wharf Keep
@] 12 2.5 Conveyed outside NZ Keep
F 56 0.6 Section 111 Recreational Catch Keep
S 2 0.0 Seized by Crown Keep
T 336 206.5 Transferred to another vessel Drop
R 1311 106.3 Retained on board Drop
Q 349 21.0 Holding receptacle on land Drop
NULL 63 4.9 Unknown Drop

D 15 1.2 Discarded (non-ITQ) Drop
B 89 0.3 Bait stored for later use Drop

About 98% of the landings were made using state RE (green), which would explain the
close correspondence between the landed and estircatich (Table 6). A minority of
landings were reported using the state codes DR&)J HFIL, and GUT (Table 6).
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Conversion factors are not a problem for this sgeajiven that most of the landings are
made green.

Table 6. Total GUR 3 greenweight reported and remalb events by state code in the unedited lanfliegised
to process the GUR 3 characterisation data, archimgerder descending landed weight.

State Number Total reported

code Events  green weight (t) Description

GRE 89 317 12 730.9 Green (or whole)

FIL 412 47.1 Fillets: skin-on

DRE 313 46.4 Dressed

GUT 485 40.7 Gutted

HGU 338 25.8 Headed and gutted

MEA 121 14.3 Fish meal

GGO 13 3.3 Gilled and gutted tail-on
DvVC 19 2.7 Dressed-V cut (stargazer)
NULL 19 1.5 Unknown

SKF 38 0.8 Fillets: skin-off

WIN 3 0.2 Squid wings

FIN 2 0.0 Fins

TSK 1 0.0 Fillets: skin-off trimmed
HGT 2 0.0 Headed, gutted, and tailed
USK 3 0.0 Fillets: skin-off untrimmed

A calculated greenweigf(tviyy)was inferred from the landings dataset using tHeviing
equation:

v, =U;, W cf, Eq. 2
where
Ul,y
W,
cf y is the conversion factor associated with the m@cor

is the “unit number” of containers associated Wl record;

is the “unit weight” associated with the record;
i,

A comparative scatter plot of the calculated gresght relative to the reported greenweight
for the primary state codes reported in Table 6EJ{iRustrates that there is a lot of scatter
around these two quantities in the same recordi(Ei§ [left panel]) but that the majority of
the data lie near the 1:1 equality line. A histogrof the ratio of the calculated greenweight
relative to the reported greenweight indicates tinatcentral tendency for this ratio for these
two landed state codes is near one (median=1.0Taaa=1.17 when the ratio is truncated at
5), but that there is a lot of variation (CV=0.52)his analysis indicates that it is probably not
possible to reconstruct the greenweights usinglétailed data provided in the individual
records. The best use of the Eq. 2 calculationlavibe to corroborate the reported
greenweight in situations when the reported gre@yiweppears to be in doubt.

In preparing the data for this report, all largeaed landing records (single events greater
than 1 000 kg for bottom trawl) were compared it total calculated greenweight (Eq. 2)
and the total estimated red gurnard catch for &gzhas well as calculating the trip CPUE for
comparison with the empirical distribution of tmgtCPUE (Starr 2007). On this basis,

25 trips representing 112 t of landings were drdpipem the analysis. None of the dropped
trips had particularly large landings, but Table@icates that the sum of the landings after
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grooming exceeded the QMR/MHR reported landingsfi®97-98 to 2001-02, and that the
remaining landings available to the dataset arkiwit—4% of QMR/MHR totals in years.

Table 7. Median conversion factor for the ten nimgtortant state codes reported in Table 6 (in seofrtotal
landed greenweight) and the total reported greagivwdiy fishing year in the edited landing file used
process the GUR 3 characterisation data.

Fishing Landed State Code

year GRE FIL DRE GUT HGU MEA OTH
Median Conversion Factor

89/90 1 2.6 11 15 11

90/91 1 1.8 1.05 1.65

91/92 1 2.05 1.8 1.05 1.65

92/93 1 2.05 1.8 1.05 1.65

93/94 1 2.05 1.8 1.05 1.65 5.6

94/95 1 2.05 1.8 1.05 1.65 5.6

95/96 1 2.05 1.8 1.05 1.65 2.6

96/97 1 2.05 1.8 1.05 1.65 5.6 1

97/98 1 2.05 1.8 1.05 1.65 5.6

98/99 1 2.05 1.8 1.05 1.65 5.6

99/00 1 2.05 1.8 1.05 1.65 5.6 2.6

00/01 1 2.05 1.8 1.05 1.65 5.6 2.6

01/02 1 2.05 1.8 1.05 1.65 5.6

02/03 1 2.05 1.8 1.05 1.65 5.6

03/04 1 2.05 1.8 1.05 1.65 5.6 2.6

04/05 1 2.05 1.8 1.05 1.65 5.6 2.6

05/06 1 2.05 1.8 1.05 1.65 5.6 2.6

06/07 1 1.8 1.05 1.65 5.6

07/08 1 2.05 1.8 1.05 1.65 5.6 2.6
Total Reported Greenweight (t)

89/90 633.9 0.1 15 6.1 0.0

90/91 639.5 3.1 2.2 15

91/92 496.3 1.6 5.1 0.8 5.4

92/93 458.9 2.3 1.2 1.0 3.6

93/94 691.1 4.3 0.9 0.7 2.7 0.0

94/95 665.2 3.1 5.2 0.5 15 0.1

95/96 589.2 20.8 5.2 3.4 1.2 1.0

96/97 611.3 2.0 14 2.1 0.5 0.1 0.5

97/98 496.1 2.0 1.2 2.6 0.8 2.0 0.4

98/99 409.4 1.8 0.7 1.3 0.3 1.6 2.1

99/00 426.3 1.1 5.3 1.6 0.1 0.7 0.9

00/01 577.0 4.1 0.8 2.1 0.3 0.4 0.3

01/02 707.4 15 2.6 6.4 0.1 2.6 0.2

02/03 874.3 0.4 2.1 5.5 0.7 0.6 0.0

03/04 717.9 0.1 3.6 1.3 0.8 1.0 0.6

04/05 848.6 0.6 0.6 1.9 0.3 0.3 0.3

05/06 939.3 1.2 3.4 3.9 0.4 4.2 0.0

06/07 1,000.4 1.2 1.0 0.1 0.5

07/08 843.6 0.1 2.7 0.7 0.0 0.2 0.0

Total 12,626.0 47.1 46.5 40.6 26.3 14.3 6.5
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Figure 5. [left panel]: Scatter plot of the calteld greenweight (Eq. 2) compared to the reponteenyveight
for state code GRE; [red right panel]: Distributigveighted by the reported greenweight catch) ef th
ratio of calculated greenweight relative to repdmgeeenweight for state code GRE. Records with
missing data have been dropped.

Table 8. Distribution of total landings (t) by rgdrnard Fishstock and by fishing year for theodetips that
recorded GUR 3 landings. Landing records with iolyable greenweights have been dropped.

Fishing year GUR1 GUR2 GUR3 GUR7 GUR8 Total

89/90 1 1 642 13 1 658
90/91 1 8 646 24 1 680
91/92 2 5 509 14 4 534
92/93 5 3 467 37 6 518
93/94 0 6 700 19 6 731
94/95 1 4 676 23 9 713
95/96 2 6 621 18 12 659
96/97 2 1 618 17 11 649
97/98 3 4 505 16 30 559
98/99 0 4 417 20 12 454
99/00 3 3 436 18 2 463
00/01 2 10 585 34 13 644
01/02 1 10 721 30 21 783
02/03 2 15 884 47 14 962
03/04 1 6 725 36 20 788
04/05 2 7 853 14 27 902
05/06 1 5 952 41 23 1022
06/07 0 9 1003 36 4 1053
07/08 1 10 847 38 7 903
Total 28 120 12 807 494 225 13673

Total landings available in the data set are primmésr GUR 3, with minor amounts reported
for GUR 2 and GUR 7 (Table 8). Most GUR landings maported on CELR forms prior to
2007-08, with only minor amounts of landings repdrdon CLR forms (Catch Landing
Returns; Table 9). These latter forms are usedelsgels using the TCEPR forms to report
their effort. The CELR form virtually disappears2007—-08, with a nearly complete shift to
the TCER form in this QMA in a single year (Table 9
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Table 9. Distribution by form type for landed datry weight for each fishing year in GUR 3. Alsoyded is
the number of days fishing and the associatedildigton of days fishing by form type for the effalata
using statistical areas consistent with GUR 3. RECatch, effort, landing return; CLR: catch larglin
return; NCELR: netting catch effort landing retulfGEPR: trawl catch effort processing return; TCER:
trawl catch effort return. Forms other than CELRI &ICELR report their landings on CLR forms.

Landinc Days Fishing (% Days Fishin
Year CELR CLR NCELR| CELR TCEPR TCER| CELR TCEPR TCER NCELR Other® Total
89/9( 8C 2C 0.C 80 20 0 6 50( 1617 0 0 0 8 117
90/91 93 7 0.C 81 19 0 6 45¢ 1 552 0 0 0 8 00¢
91/9: 82 18 0.C 82 18 0 6 06¢ 1 33¢ 0 0 0 7 402
92/9: 84 1€ 0.C 81 19 0 6 35¢ 1 48¢ 0 0 0 7 84¢
93/9¢ 91 9 0.C 84 16 0 7 307 1 43¢ 0 0 6 8 741
94/9¢ 92 8 0.C 81 18 0 6 98¢ 1 58¢ 0 0 1¢ 8 592
95/9¢ 83 17 0.C 74 25 0 6 49¢ 2 22¢ 0 0 9 8 72¢
96/97 87 13 0.C 81 19 0 7 34¢ 1 76¢ 0 0 11 9 12¢
97/9¢ 8C 2C 0.C 77 23 0 7 27z 2 12: 0 0 0 9 39¢
98/9¢ 8¢ 11 0.C 81 19 0 727" 171¢ 0 0 0 8 99«
99/0( 8¢ 11 0.C 80 20 0 6 88t 173¢ 0 0 0 8 61¢
00/01 88 12 0.C 79 21 0 6 88( 1 82¢ 0 0 0 8 70¢
01/0z 74 2€ 0.C 75 25 0 6 397 2 18( 0 0 0 8 571
02/0¢ 77 23 0.C 77 23 0 7 17¢ 2 147 0 0 0 9 32:
03/04 87 13 0.C 84 16 0 6 32¢ 1 19¢ 0 0 0 7 52¢
04/0¢ 83 17 0.C 80 20 0 7 41¢ 1 86¢ 0 0 0 9 281
05/0¢ 81 1¢ 0.C 79 21 0 7 132 1 87( 0 0 5€ 9 05¢
06/07 8t 14 0.3 70 23 0 5 99t 1 98¢ 0 562 31 8 57¢
07/0¢ 16 84 0.t 8 22 61 557 157C 4452 63t 3C 7 24°F
Total 8C 20 0.1 76 21 3l 122 83( 33 237 4 452 1 19¢ 16z 161 87!

! Percentages of landed greenweight
2 percentages of number of days fishing

%includes 45 days for SJC (squid jigging), 109 day4 CER (lining), and 8 days for LTCER (liningj

4.4.3DESCRIPTION OF THE GUR 3 FISHERY

Distributions by statistical area, major fishingth and target species in this section are
provided by summarised statistical areas, methndsaget species as described in Table 10.

Table 10. Definitions of statistical area (see &pgix A for the locations of the indicated statiatiareas),
major method codes and target species codes usied dfistribution tables and plots in this repdxiote
that there are very few records in the datasetdane of the indicated methods. Number events=numbe
of effort records in analysis dataset; number m@senumber of records (trip-strata) in analysisadat
after rolling up to trip/statistical area/methoddiet species.

Statistical area cod:

Statistical area definition

Number eventd Number records

01¢ 018 & 01¢ 11 19¢ 9 12:¢
02C 020 & 021 34 35! 20 88:
022 022 & 02¢ 65 79! 32 75(
024 024 & 301 26 12¢ 18 99:
02¢€ 026,302 & 30 19 66: 8 03(
02t 02t 8 401 3941
030-03: 030, 031, 03 17 17: 6 047
027-02¢ 027, 028, 02 16 18° 2 821
ChatRisi 049-052, 401-41 12 79¢ 2 94¢
SubAn 501-504, 601-6: 5 87: 64¢€
Method designatior Methods includec Number events Number records
BT Bottom traw 190 88 93 01:
DS Danish sein 1 03¢ 812
SN Setne 12 83: 10 46!
MW Midwater traw 11 53: 1161
OTH Other (Bottom pair trawl, Dahn line, handli 127¢ 732
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Target species coct Target species definitio

Number events Number records

RCC
FLA
BAR
GUR
STA
TAR
WAR
ELE
SPC
SQL
OTH

Red cot

Flatfish (including all related speci

Barracout
Red gurnar
Stargaze
Tarakih

Blue wareho

Elephantfis|

Spiny dogfish (includes Northern spiny dog

Squic

Remaining 10 species : t of total bottom trav

46 43:
66 15(
17 68:

2 50
8 56¢
7 99¢
174
2371
117:

15 35t

2

0 90¢

2

6 11¢

41 41:

5 50¢
172¢
3 381
3 96¢

787
131«

56¢€
2 62¢
5612

1 Bottom trawl method

Table 11. Total landings (t) and distribution afdlings (%) of red gurnard from trips which lan@&dR 3 by
statistical area group and important fishing metgh@hble 10), summed from 1989-90 to 2007-08.
Landings (t) have been scaled to the QMR to((QlﬂlRy) using Eq. 1.

Statistical Fishing Methoc Fishing Methoc
Area BT DS SN MW  Other Total BT DS SN MW  Other Total
Regior Total landings (t) Distribution of landings (%)
01¢ 24C 1 16 0 0 257 1.9 0.C 0.1 0.C 0.C 2.C
02C 2 80¢ 231 11 1 1 305: 21.€ 1.8 0.1 0.C 0.C 23.7
022 4 85t 17z 14 8 4 505¢ 37.7 1.3 0.1 0.1 0.C 39.2
024 73¢€ 8 0 0 74¢€ 5.7 0.C 0.1 0.C 0.C 5.8
02¢€ 56¢ 0 0 1 0 57C 4.4 0.C 0.C 0.C 0.C 4.4
02t 1 03¢ 4 7 2 1052 8.1 0.C 0.C 0.1 0.C 8.2
030-03: 1 34C 1 6 0 1 134¢ 10.4 0.C 0.C 0.C 0.C 10.k
027-02¢ 387 0 13 2 402 3.C 0.C 0.C 0.1 0.C 3.1
ChatRisi 377 8 3 5 392 2.9 0.C 0.1 0.C 0.C 3.C
SubAn 4 0 1 4 0.C 0.C 0.C 0.C 0.C 0.C
Total 12 35¢ 40¢ 67 3E 15 12 87¢ 95.¢ 3.2 0.5 .2 0.1 100.C
07/0 8 .
05/0 O °
)
03/0 o] °
o
01/0 °
E L]
L 9900
fo] |
j
5 97/98 ° °
L
95/96
93/9 °
91/92
89/9
T T T T T
BT DS SN MW OTH
Method

Figure 6. Distribution of catches for the majohfisgy methods by fishing year from trips which laddgUR 3.
Circles are proportional to the catch totals byhodtand fishing year, with the largest circle

representing: 884 t (06/07; BT).
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Figure 7. Distribution of landings and number tdassthe bottom trawl method by statistical area &skling
year from trips which landed GUR 3. Circles arepamtional within each panel: [catches] largest

circle=352 t for Area 022 in 96/97; [number towaidest circle=9 174 tows for Area 022 in 96/97.

Landings Number sets-
07708 4
0506 4
O
0304 4 < o o e} o
o <

01/02
e
8 99/00
>
o]
£ 97/98
e
o]
L 95/96 4

93/94 4

91192 4 : : e e

89790 4

T T T T T T T T T 1
018 022 030-032 018 022 030-032
0z0 026 020 026

Statistical Area Region

Figure 8. Distribution of landings and number $etghe Danish seine method by statistical areafishihg
year from trips which landed GUR 3. Circles arepgmmional within each panel: [catches] largestleirc
75 tin 07/08 for Area 022; [number tows] largestle= 493 sets in 07/08 for Area 020.
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GUR 3 shares several statistical areas with otgbgurnard Fishstocks, including Area 018
with GUR 2 and GUR 7 and Area 032 with GUR 7 (ApgigrA). The GUR 3 fishery is

taken almost entirely by the bottom trawl fishesyth 96% of the landings over the past 19
years taken by this method (Table 11; Figure @)er& are some unusual errors in the data for
this species, including nearly 100 t of estimatattic taken primarily in the Chatham Islands
over a number of fishing years using the “divinighing method. The most likely

explanation is that these observations are datasanhere the code for kina (SUR) has been
interpreted as the code for gurnard (GUR). Theserds have been dropped from this
analysis. A Danish seine fishery has developed themost recent two fishing years off the
east coast of the South Island (Figure 6).

The GUR 3 trawl catch is mainly taken in Statidtikeeas 020 or 022, with some trawl catches
taken in the western part of Foveaux Strait in Blamid (Figure 7; Table 11). The distribution of
bottom trawl effort by year is similar to the cattistribution, although effort expended in Areas
024 and 026 lands relatively less GUR 3 than faxa&r020 and 022 (Figure 7). There does not
appear to be any obvious trend in the annual Higion of bottom trawl catch or effort between
statistical areas, indicating that the relative ami@nce of these areas has been more or less gbnsta
over the period covered by the data (Table 12;reig.

A new fishery using the Danish seine method hagldeed in Areas 020 and 022 over the last six
fishing years, exceeding 100 t of GUR landingdhmtivo most recent years (Table 13; Figure 8).
This fishery appears to have begun in Area 020rat@002—-03 but has been reasonably evenly
split between Areas 020 and 022 in the two mosrnegears (Table 12).

Figure 9. Total landings by month and fishing yiearbottom trawl based on trips which landed GURCBcles
sizes are proportional in each panel: [bottom tréavbest circle= 159 t in 02/03 for Nov; [Danishirse]:
largest circle= 26 t in 07/08 for Nov
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Figure 10A. Distribution of landings for the bottdarawl method for the first five grouped statistiageas
(Table 10) for month and fishing year from tripsigthlanded GUR 3. Circles sizes are proportionahiwi
each panel: maximum values: 018 (6 t in 96/97 fayM020 (37 tin 94/95 for Nov); 022 (72 t in 03/fr
Mar); 024(19 t in 03/04 for Jan); 026 (16 t in 02f0r Oct)

Figure 10B. Distribution of landings for the bottdrawl method for the final five grouped statistiageas
(Table 10) for month and fishing year from tripsigéhlanded GUR 3. Circles sizes are proportionahiwi
each panel: maximum values: 025 (34 t in 07/08\fov), 030-032 (30 t in 90/91 for Nov); 027-029 (34
in 02/03 for Nov); ChatRise: (15 t in 06/07 for NpBubAnt (0.5 t in 04/05 for Nov)
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Table 12. Percent distribution of landings byistaal area group (Table 10) from 19&® to 2007-08 for the
bottom trawl and Danish seine methods for tripscwhianded GUR 3. Annual landings by method are
available in Table 13 and the rows sum to 100%. n'e-fishing

Fishing Statistical Area Groug
Year 01¢ 02C 022 024 02€ 02EF 030-03: 027-02¢ ChatRise SubAnt
Bottom traw| distribution (%)
89/9( 2.3 35.C 42.7 6.1 2.6 2.3 5.¢ 0.3 2.€ 0.C
90/91 3.2 36.€ 38.¢€ 5.1 1.3 2.C 10.7 0.4 1.¢ 0.1
91/92 1.2 24.1 41.4 8.2 3.2 5.C 11.7 0.6 4.4 0.C
92/9: 5.2 31.1 40.1 6.€ 2.3 5.€ 8.5 0.t 0.2 0.C
93/9¢ 2.C 30.€ 43.C 7.S 2.8 4.C 8.C 1.1 0.4 0.C
94/9t 3.2 32.2 45.1 6.8 2.9 2.1 5.8 1.C 0.¢ 0.C
95/9¢ 4.4 22.F 441 6.4 4.5 7.7 7.1 2.1 1.3 0.C
96/91% 2.6 21.2 55.F 4.4 34 4.8 5.5 0.6 1.3 0.C
97/9¢ 2.1 21.2 40.1 5.2 5.6 11.2 6.5 3.6 4.1 0.1
98/9¢ 3.C 26.4 34.¢ 6.4 2.8 7.8 15.2 11 2.5 0.C
99/0( 1.€ 29.C 36.2 6.3 2.5 6.1 12.2 4.1 1.¢ 0.C
00/01 2.8 31.C 32.t 4.3 3.6 5.2 13.C 2.3 5.4 0.C
01/02 2.2 16.Z 29.4 4.7 6.C 8.€ 17.1 5.6 10.2 0.C
02/0z E 15.¢ 40.2 5.3 5.8 11.z 10.5 7.8 2.7 0.C
03/0< E 16.2 38.7 7.8 7.C 11.z 13.7 2.C 2.6 0.C
04/0t 0. 12.Z 34.¢ 6.5 7.2 12.1 18.1 4.8 3.C 0.1
05/0¢ 1.C 14.2 37.4 5.3 7.3 7.S 14.2 7.3 5.3 0.C
06/07% 0.€ 17.k 35.F 4.C 6.3 17.1 9.¢ 5.4 2.6 0.C
07/0¢ 0.4 14.F 37.C 6.3 5.4 20.7 10.5 2.7 2.€ 0.C
Mear 1.¢ 22.7 39.2 6.C 4.6 8.4 10.¢ 3.1 3.1 0.C
Danish seine distribution (%)
02/0z 0.C 97.C 3.C - 0.C - 0.C - - -
03/04 2.8 83.¢ 11.€ - 1.5 - 0.C - - -
04/0t 0.C 73.€ 26.1 - 0.C - 0.C - - -
05/0¢ 0.C 61.4 37.€ - 0.C - 0.8 - - -
06/07% 0.C 48.2 51.¢ - 0.C - 0.C - - -
07/0¢ 0.C 447 55.¢ - 0.C - 0.C - - -
Mear 0.2 56.¢ 42.¢€ - 0.1 - 0.1 - - -

Table 13. Percent distribution of landings by nmoatd total annual landings (t) of GUR 3 from 1989 to
2007-08 for the bottom trawl and Danish seine nagHor trips which landed GUR 3. Landings (t) have
been scaled to the QMR totglgMR, ) using Eg. 1.

Fishing Moni
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug Seg|/Total (1)
Bottom trawl distribution (%)

89/9( 4.7 104 6.1 6.4 9.3 7.t 10.2 10.e 10. 6.4 7.t 10.C 692
90/91 11.C 13.2 45 11.7 8.2 6.1 7.€ 13.C 4.€ 8.1 6.1 4.9 657
91/9:2 9.3 101 14.C 11.¢ 9.C 5.8 16.7 6.C 7.1 4.4 1.t 4.3 53t
92/9: 7.8 15.1 9.8 6.8 6.8 8.5 7.C 10.€ 15.€ 4.C 4.9 3.C 482
93/9¢ 9.2 11.¢ 6.5 94 13.¢ 114 11.C 10.¢ 4.4 3.2 4.9 3.k 701
94/9¢ 10.¢ 11.¢ 12z 13.: 6.4 8.7 10.1 10. 3.k 4.3 5.3 3.k 681
95/9¢ 10.¢ 14.¢ 10.t 131 11.: 8.8 6.8 7.C 3.t 3.C 5.2 5.1 624
96/97 8.1 12¢ 11.¢ 11z 9.2 11.1 8.6 12.¢ 4.4 2.8 2.5 4.1 633
97/9¢ 13.z 10.6 14t 131 12z 8.€ 6.C 6.1 5.1 3.€ 2.5 4.3 463
98/9¢ 6.2 17.€¢ 10t 12.1 9.€ 8.7 8.4 10.: 4.€ 2.5 3.k 6.C 39C
99/0( 11.€ 11.c 12.2 9.1 10.7 9.3 5.¢ 8.2 6.5 6.3 3.€ 5.4 404
00/01 10.z 11.Cc 10.c 8.¢ 9.4 10. 9.t 8.7 6.3 3.3 4.4 7.8 561
01/0z 11.¢  19. 9.C 14.1 7.¢ 10.t 6.5 4.4 3.¢ 4.3 2.7 4.€ 70¢
02/0z 15.C 18.€ 9.t 8.2 9.2 14.7 5.¢ 6.4 4.C 2.5 2.7 3.2 85¢
03/0¢ 10.z 14.€¢ 10.7 9.7 5.8 8.4 10.C 8.C 9.t 5.7 2.1 5.1 68¢
04/0¢ 12.4 18.4 9.2 11.: 104 6.4 9.C 6.7 4.3 3.k 3.7 4.7 80¢
05/0¢ 128 145 114 7.7 11k 9.7 7.4 9.3 5.1 3.2 2.8 5.C 884
06/07 71 16.z 12.C 12z 10t 11c 8.1 8.5 5.2 2.4 2.5 4.3 884
07/0¢ 7.2 18. 8.3 12 13.€ 10.7 8.€ 8.3 4.9 3.1 1.t 2.8 701
Mear 10.1 14.€ 10.C 10.€ 9.8 9.t 8.€ 8.7 5.8 4.C 3.€ 4.8 12 35¢
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Fishing Moni
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul  Aug Seq|Total (1)
Danish seine distribution (%)

02/0: 0.C 0.C 0.C 1.8 4€ 444 10.C 22.¢& 114 5.C 0.C 0.C 24
03/0¢ 34.7 12.2 1.6 2.8 0.1 12.z 11.7 2.8 13.7 3.5 0.6 4.2 28
04/0¢ 23.1 6.8 9.4 8.7 4.1 9.2 3.7 18t 3.3 6.4 2.8 4.1 38
05/0¢ 3.C 5.3 5.3 1.8 48 184 21.C 19t 12¢ 1.8 0.C 6.C 6E
06/07 5t 17¢ 17.¢ 3.9 8.C 9.2 9.9 6.4 4.8 4.8 7.8 4.2 11¢
07/0¢ 6.2 19.€ 194 4,1 10.t 10. 2.5 3.7 5.7 6.7 7.1 3.€ 13t
Mear 8.7 13.¢ 13.: 3.9 7.2 13E 8.8 9.5 7.3 5.C 4.9 4.1 40¢

There is a broad seasonal distribution of bott@wlicatch from GUR 3, with an even
distribution of catch taken in almost every monthich declines in terms of percentage
towards the end of the fishing year (Table 13; Feg)). The emergent Danish seine fishery
appears to be more concentrated in the late saidgsummer months and tapers off more in
the autumn and winter than does the bottom traskieiiy (Table 13; Figure 9). Seasonal
bottom trawl catches by statistical area show spattern, with catches in Southland (Area
025, Areas 030-032 and Areas 027-029) concentratda earlier months of the fishing year
(Figure 10). The areas with more abundant levietateh (020, 022, and 024) show a more
even distribution of GUR 3 catch over the year.

Table 14. Landings (t) and distribution of landir{®) of red gurnard from trips which landed GURy3target
species and important fishing methods (Table 10hwsed from 1989-90 to 2007-08. Landings (t) have
been scaled to the QMR tota(lQMRy) using Eqg. 1. [-]: no landings in this cell

Statistical Fishing Methogd Fishing Method
Area BT DS SN MW Other Total BT DS SN MW Other Total
Region Total landings (1) Distribution of landings (%)

RCO 4291 126 0 0 3 44p1 33.3 1.0 0.0 0.0 0.0 34.3
FLA 3824 189 0 - 2 4016 29.7 1.5 0.0 0.0 0.0 31.2
BAR 1284 - - 12 0 1296 10.0 0.0 0.0 0.1 0.0 10.1
GUR 814 16 0 - 4 834 6.3 0.1 0.0 0.0 0.0 6.5
STA 768 - 0 - 0 768 6.0 0.0 0.0 0.0 0.0 6.0
TAR 542 50 2 - - 594 4.2 0.4 0.0 0.0 0.0 4.6
WAR 314 3 7 - 324 2.4 0.0 0.0 0.1 0.0 2.5
ELE 268 19 3 - 0 290 2.1 0.1 0.0 0.0 0.0 2.3
SPD 59 1 9 0 0 69 0.5 0.0 0.1 0.0 0.0 0.5
SQU 57 - - 2 1 61 0.4 0.0 0.0 0.0 0.0 0.5
SPO 8 5 25 - 0 38 0.1 0.0 0.2 0.0 0.0 0.3
OTH 128 0 23 12 5 168 1.0 0.0 0.2 0.1 0.0 1.3
Total 12 356 406 67 35 15 12879 95.9 3.2 0.5 0.3 0.1 100.0

The red cod and flatfish target fisheries usingdyttrawl gear are the main fisheries which
take red gurnard in QMA 3, with these two targetcsps accounting for about 70% of the
landed catch (Table 14). Other target trawl fisdgewhich take red gurnard include gurnard,
stargazer and tarakihi (Table 14; Figure 11). fiehative importance of these latter three
target fisheries has varied over the 19 years @, dath all three having dropped in
importance during the mid-1990s (Table 15). Onather hand, there has been no change
over time in the relative importance of the red aod flatfish target fisheries.

The emerging Danish seine fishery in Areas 020C2#lappears to be mainly targeted at red
cod and flatfish (Table 14; Figure 11). In theffiyear of this fishery (2002-03), there was
some significant targeting of red gurnard, althoagén in that year the fishery was still
primarily directed at flatfish (Table 15).
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Table 15. Percent distribution of landings by &rgpecies (Table 10) from 1988 to 2007-08 for the bottom
trawl method for trips which landed GUR 3. Annuatdlings by method are available in Table 13.

Fishing Targgpecie
Year RCO FLA BAR GUR STA TAR WAR SPC SQU SPC OTH
Bottom traw! distribution (%)
89/9( 27.€ 30.¢ 12.2 13.4 5.t 3.1 1.C 0.2 0.C 3.C
90/91 24.1 37.t 11.€ 14.: 6.7 2.7 0.1 0.1 0.1 1.2
91/9z 41.F 27.2 9.C 2.8 9.9 5.€ 0.C 0.C 0.1 14
92/9: 49.¢ 28.4 6. 4.8 5.3 1.3 0.5 0.1 0.C 1.9
93/94 53.F 29.C 3.2 3.1 5.8 3.1 0.C 11 0.C 0.3
94/9k 57.4 24.4 6.€ 4.5 3.7 1.4 . 0.1 0.4 0.1 0.3
95/9¢ 48.C 29.7 8.8 34 4.9 2.€ 1. 0.4 0.t 0.C 0.€
96/97 56.4 27.F 7.1 1.3 2.2 3.C 0. 0.2 0.t 0.2 0.S
97/9¢ 47 .z 33.¢ 9.7 0.7 2.1 3.7 0. 0.€ 0.C 0.7
98/9¢ 32.¢ 48.2 7.5 2.C 3.7 3.2 0. 1.C 0.C 0.8
99/0( 32.2 43.F 9.4 3.1 7.5 1.3 0. 0.4 0.C 1.C
00/01 41.¢ 334 7.S 4.C 4.1 5.3 0.4 . 0.3 0.C 1.3
01/0z 26.€ 30.¢ 13.€ 7.3 8.6 5.4 0.8 1.1 0.1 2.6
02/0z 26.1 25.¢ 25.¢ 8.3 3.7 2.8 0.C 0.3 0.C 0.4
03/04 27.€ 32.2 14.C 6.C 9.4 4.1 0.C 0.3 0.2 0.8
04/0k 23.€ 32.C 8.7 6.4 10.4 4.7 0. 0.3 0.1 0.€
05/0¢ 26.2 24.¢ 6.7 9.¢ 9.8 7.5 1.7 0.8 0.C 0.t
06/07 18.4 28.€ 11.4 11.€ 6.3 10.¢€ 1.1 0.€ 0.C 0.7
07/0¢ 22.2 36.C 10.4 7.3 5.C 6.5 0.€ 0.2 0.1 1.1
Total 34.7 31.C 10.4 6.€ 6.2 4.4 0.5 0.t 0.1 1.C
Danish seine distribution (%)
02/0z 4.1 68.2 0.C 27.¢€ 0.C 0.C 0.C 0.C 0.C 0.C
03/04 23.C 62.C 0.C 14.7 0.C 0.2 0.C 0.C 0.C 0.C
04/0k 17.7 82.c 0.C 0.C 0.C 0.C 0.C 0.C 0.C 0.C
05/0¢ 45.C 53.k 0.C 0.8 0.C 0.1 0.C 0.C 0.5 0.C
06/07 26.2 48.2 0.C 2.4 0.C 18.€ 0.8 0.C 1.5 0.C
07/0¢ 38.¢ 24.¢ 0.C 1.2 0.C 20. 0.C 0.C 2.5 0.C
Total 31.1 46.€ 0.C 3.6 0.C 12.2 0.2 0.C 1.4 0.C

Figure 11. Total landings by target species (TdBleand fishing year for the bottom trawl methoddzhon trips
which landed GUR 3. Circles sizes are proportigam&lach panel: [bottom trawl] largest circle= 390 t

94/95 for RCO; [Danish seine]: largest circle= 56 06/07 for FLA
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Figure 12A. Distribution of landings for the bottdrawl method for the first five grouped statistiageas
(Table 10) by target species (Table 10) and fislyeay from trips which landed GUR 3. Circles siaes
proportional within each panel: maximum values: (18t in 94/95 for RCO); 020 (159 t in 94/95 for
RCO); 022 (242 t in 96/97 for RCO); 024(48 t in@8for FLA), 026 (52 t in 05/06 for FLA)

Figure 12B. Distribution of landings for the bottdrawl method by grouped statistical area (TablgféOtarget
species (Table 10) and fishing year from trips WHanded GUR 3. Circles sizes are proportionaliwith
each panel: maximum values: 025 (124 t in 07/08fok), 030-032 (75 t in 01/02 for FLA) and 027-
029 (51 tin 02/03 for BAR); ChatRise (42 t in 06/f@r TAR); SubAnt (0.5 t in 04/05 for BAR)
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Plots of the distribution of target trawl fisherieg statistical area shows that the red cod
bottom trawl fishery predominates in Areas 018, G808 022, while target trawl fishing for
flatfish taking GUR 3 is relatively more importantthe more southerly east coast South
Island statistical areas and in Southland (Fig@e A barracouta target trawl fishery also

takes gurnard in Area 022.

Table 16. Summary statistics from distributiondoftom depth from bottom trawl TCEPR records fibor

that targeted or caught red gurnard by target spexategory in valid statistical areas for GURIBST
table is based on all tows in the dataset (198%-2007-08).

e@h (m)
Target species Number Lower 5% of Mean of Median (50%) of Upper 95% of
category observationg distribution distribution distribution distribution
Bottom trawl
FLA 5 165 15 41 42 68
BAR 4138 28 70 58 115
RCO 3706 29 52 48 86
TAR 1 349 45 100 95 168
WAR 903 40 86 92 114
STA 813 32 99 100 165
ELE 547 12 32 32 54
GUR 443 16 49 43 105
SQU 16( 33 115 113 186
SPD 129 31 83 85 130
JMA 99 82 109 103 278
Other 215 14 74 44 310
Total 17 667 19 61 51 127

Figure 13. Box plot distributions of depth frormaleined GUR 3 bottom trawl TCEPR and TCER records fo
tows that targeted or caught red gurnard by tapeties category. This graph is based on all towise

dataset (1989-90 to 2007—-08). Horizontal linedatés the median depth from all tows which caught o
targeted red gurnard.
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Depth information has only been available from T&HEBrms prior to the introduction of the
TCER form in October 2007. Both of these form=répottom trawl catch pertaining to
gurnard (by declaring gurnard as the target specigsoviding an estimate of the gurnard
catch). These reports show that gurnard are mtakn between 20 and 130 m of depth,
with a median value near 50 m (Table 16).

The distribution of tows which caught or targetedrard shows some differences between
fisheries based on declared target species, wethetth cod fishery operating at shallower
depths than most of the other bottom trawl fistee(lggure 13). The range of depths for
gurnard taken in the red cod and flatfish fisheappears to be the same as for the target red
gurnard fishery. Other plotted fisheries appedake red gurnard at deeper depths, but there
is considerably less data for these fisheries.

45 GUR 3 CPUE ANALYSES

4.5.1 INTRODUCTION

A range of CPUE analyses in support of the GUR 3PAlMve been reported to the AMPWG
and its predecessor, the Inshore WG, since 19%#r(8296, SeaFIC 2000, SeaFIC 2002,
SeaFIC 2005 and Starr et al. 2007). A review e$¢hanalyses can be found in Starr et al.
(2007).

The AMPWG, in 2002, *..concluded that gurnard CPUE trends in the flatfishery were
more stable, and provided a better index, tharmered cod fishety(MFish Science 2008;

red gurnard, Vol. |, page 717). The AMPWG, durihg 2007 review of the GUR 3 AMP,
requested separate spatial analyses for the R@éx fessheries with respect to red gurnard,
separating each analysis at Banks Peninsula. [hAddrget fisheries had already been split
spatially, with one analysis covering the east toathe South Island and the second analysis
covering the southern end of the South Island.

Four standardised CPUE analyses have been prejoarttis GUR 3 report, updating each
series to include the 2007-08 fishing year (Appem)i These analyses generally replicate
the series presented in 2007, divided in this veathat spatial structure in the indices within
QMA 3 can be detected. The only change has bedropArea 020 from the target flatfish
analysis. This was done to make the flatfish asislgomparable to the Canterbury Bight
target red cod analysis. Area 020 is also relgtiveimportant for flatfish target fishing
(Starr et al. 2007).

The prepared analyses include:

1. BT (FLA) CB: performed on records taken from theget flatfish fishery operating in
Areas 022 and 024 (Canterbury Bight). These aportant statistical areas where
GUR 3 is taken in this fishery and the statistar@as have been kept the same for
comparison with the BT (RCO) CB series.

2. BT (FLA) S: performed on records taken from theyéa flatfish fishery operating in
Areas 026, 025 and 030 which cover the lowestgfathe east coast South Island and
Foveaux Strait. The analysis of this fishery hasrbseparated to look for possible
divergence in CPUE trends with the more northeshdfries.
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3. BT (RCO) CB: performed on records from the targek cod fishery operating in
Areas 022 and 024 (Canterbury Bight). These aestétistical areas where GUR 3 is
taken south of the Banks Peninsula.

4. BT (RCO) PB: performed on records from the targétcod fishery operating in
Areas 018 and 020 (Pegasus Bay). These are tististhtareas where GUR 3 is taken

north of the Banks Peninsula.

Figure 14. Relative CPUE indices for GUR 3 using lthgnormal non-zero model based on the bycatchushard
in the trawl fisheries described in Appendix Bba}tom trawl, flatfish target, Areas 022 and 024
[BT(FLA)CBJ; b) bottom trawl, flatfish target, Arasa026, 025 and 030 [BT(FLA)S]; c) bottom trawl, reatl
target, Areas 022 and 024 [BT(RCO)CBJ; d) bottoawt; red cod target, Areas 018 and 020 [BT(RCO)PB].
Error bars are + 2*SE. Also shown are two unsdatided series from the same data: a) Arithmetic

“in(c,/E,)

NV N)’
A = C,,y/ E, and b) Unstandardised, = exp IIN— which is the geometric mean of
i=1 i=1

y

the observations.Ci’y =landings in yeay. Ei’y =number tows set for [BT(FLA)CB] and [BT(RCO)PB] in
yeary. and =hours towed for [BT (RCO)CB] and [BT (FLA]S]\Iy:number observations in year
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4.5.2 CPUE BIOMASS INDICES

The trends for each set of CPUE biomass indicegemerally similar in that they each show
dips in 1992-93 and then in 1998-99, followed bgavery to the present (Figure 14).
None of the four series departs strongly from thetandardised series, although there is
some divergence in the more recent indices for soiniee series. The BT(FLA)CB series is
the only series which shows a drop in the finalryetative to the preceding year. The two
FLA series climb steadily to 2005-06 and then diativhile the RCO series tend to take
longer to begin the increase (compared to the ti-BA) series), but appear to be still
increasing. The increasing trend for the two BTAlrkeries appears to be slowing down but
are still at high levels compared to the beginrohthe series.

Figure 15. Comparison of each of the four standatHCPUE indices for GUR 3 (see Section 4.5.1)jnaythe
annual landings in total GUR 3. All series haverbstandardised to the geometric mean of all years.

It is plausible that these CPUE indices reflecirmneased level of abundance for red gurnard
in FMA 3 and FMA 5. The high current index levedative to the beginning of the series in
all four sets of indices are corroborated by thtelcéevels which have been sustained in this
fishery over the past decade and which are noeat highest levels in the 22 years of the
series (Table 1). Plots (Figure 15) which comgaeh of the four standardised CPUE series
with the total QMR GUR 3 landings show that the &Pttends appear to have increased at a
greater rate than the catch. This may indicatettfigacatch limits imposed on this fishery are
restricting landings, given that gurnard is largeligen as a bycatch to other fisheries.
Catches in a strict bycatch fishery should increasghly in proportion to the abundance.

A direct comparison of the four sets of indicesvgbithat they are in general agreement, with

all showing an increase in CPUE beginning near £2000 (Figure 16). The two series
based on the bottom trawl target red cod fisheyy by about two years, behind the two target
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flatfish fisheries. The series based on the tamggktod fishery north of Banks Peninsula may
be lagged by a further year relative to the targétcod fishery south of Banks Peninsula.
The series based on the target flatfish fishetii@southern end of the South Island appears
to have levelled out sooner than the equivalehefig on the east coast and it is possible that
both flatfish fisheries may have stopped increasihde the two target red cod fisheries
continue to show an increase, consistent withdage bbserved at the beginning of the
increases in the early 2000s (Figure 16).

Figure 16. Comparison of the lognormal indices ftbnee independent CPUE series for GUR 3: a) bottom
trawl, flatfish target, Areas 022 and 024 [BT(FLA b) bottom trawl, flatfish target, Areas 026,92
and 030 [BT(FLA)S]; c) bottom trawl, red cod targateas 022 and 024 [BT(RCO)CB]; d) bottom trawl,
red cod target, Areas 018 and 020 [BT(RCO)PB]

4.6 TRAWL SURVEY ABUNDANCE INDICES

4.6.1WINTER RV KAHAROA SURVEYS

The time series of east coast South Island wildary(June) trawl surveys (Beentjes and
Stevenson 2000) conducted by the Rdharoashowed highly variable biomass indices for
red gurnard over the period 1991 to 1996 (Tablg=igyre 17). This survey had moderate to
high CVs (range 27 to 40%) and it was uncertathatime how well it was capable of
monitoring gurnard. This survey covered an aremfBhag Point (near Moeraki) in the south
to the Waiau River (south of Kaikoura) in the northcovered bottom depths from 30 m to
400 m between these landforms with the exceptiambafawlable grounds. This survey was
suspended in 1996 and replaced with a summer desigring the same area.

The winter survey was resumed in May 2007 for reastescribed in Section 4.6.3 and was

repeated in May-June 2008. Results for these redwsurveys appear to be consistent with
the previous surveys, both in terms of estimatedhbiss levels and CVs (Table 17;
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Biomass (t) .

Figure 17). Plots of the locations of tows whieptred red gurnard are presented by survey

in Figure 18A (five early surveys) and Figure 188stmed 2007 and 2008 surveys).

Table 17. Total and recruited biomass indices wittvey coefficients variation (CV) for red gurndrdm the
east coast South Island winter (May—June) trawlesgs. Data are from Beentjes & Stevenson (2000).
Recent data and the corrected 1994 survey estematitom M. Stevenson (NIWpers. comn).
Recruited biomass estimates include gurnard gréader30 cm fork length.

Year Trip code Number Number Total CVv Recruited Cv
stations  + stations Biomass (t) (%) Biomass (t) (%)
1991 KAH9105 55 23 763 40 744 40
1992 KAH9205 80 21 142 30 120 30
1993 KAH9306 74 22 576 31 551 31
1994 KAH9406 100 31 123 34 121 34
1996 KAH9606 118 37 505 27 496 27
2007? KAHO705 94 34 1453 35 1155 35
20082 KAHO0806 96 43 1309 34 1209 33

! these biomass estimates differ from those in Beer&j Stevenson (2000) due to the exclusion of fows
with usability code >2
2 excludes shallow 10-30 m strata for comparabibtytte earlier winter surveys

Winter Survey Summer Survey
3000 1 1
& Total biomass _ ]

2500 1 @ Recruited (>30 cm) - 1000 +

] T .
2000 + T ' =

] | | =

1 . 9] b

] ' %]
1500 - |0 I g 1

] ' o
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1000 I e A
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Year Year

Figure 17. [left panel]: total and recruited biawandices for red gurnard from the east coastSisiand
winter (May—June) trawl surveys. [right panel]:aidbiomass indices for red gurnard from the eassto
South Island summer (December—January) trawl ssrvéypproximate 95% confidence intervals are
estimated from the survey CVs assuming a lognodisadibution. Horizontal dotted line indicates mea
total biomass from each survey

Table 18. Relative biomass indices (t) and coieffits variation (CV) for red gurnard from the eestist South
Island summer (December—January) trawl survey96497 to 1999-2000 data are from Beentjes &
Stevenson(2001) and the 2000-01 data are from Stevenson \péfs. comn).

Year Trip code Biomass CV

1996-97 KAH9618 765 13%
1997-98 KAH9704 317  16%
1998-99 KAH9809 493 13%
1999-00 KAH9917 202  20%
2000-01 KAH0014 146  34%
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KAH9105

KAH9205

= zero catch

Figure 18A. Maps (Stevensgers. comm.showing the location of all tows for the firstdi winter east coast

South Island R\Kaharoasurveys (Table 17) with the tows taking red gurriadicated by circles
proportional to the density of the tow (maximunckersize for all panels is 475 kg/Rm
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Figure 18B. Maps (Stevenspers. comn).showing the location of all tows for the resunsedies of winter
east coast South Island Rd&haroasurveys (Table 17) with the tows taking red gurriadicated by
circles proportional to the density of the tow rdi¢ated in each panel. Note that the shallow Q033
strata are shown but were not included in the bgsmsstimates

4.6.2 SUMMER RV KAHAROA SURVEYS

The winter survey described in the previous seattan replaced in 1996 by a summer survey
directed at red gurnard, among other species (BsefitStevenson 2001). Additional

shallow water (10 m to 30 m) strata were addetieadesign from Cape Wanbrow in the
south to the Kowai River in the north. These néwata are within the area covered by the
previous winter survey and were added to improeectiverage of elephantfish and red
gurnard. This survey was initiated in December6l@8d was repeated in each year up to
December 2000. A review of the survey design leyltishore Fishery Assessment Working
Group (IFAWG) in March 1997 concluded that thisvayrwas likely to be suitable for
monitoring red gurnard.

Biomass indices for red gurnard for the summereyappeared to be highly variable

(Table 18). CVs were generally lower than forwieter survey, but the summer survey
appeared to be affected (at least in some yeara lapparent changing catchability due to
variation in weather conditions between years. Jdéweral trend in the indices presented in
Figure 17 is downward, but this observation mayehaeen the result of changing catchability
for a number of species and was not consistentlvath this species was being observed in
its fishery (Figure 16). An analysis by Franetsal.(2001) indicated that this survey, along
with the east coast survey on the east coast dfidinth Island (which was also discontinued),
had the greatest amount of variation between ysaoss all the species surveyed. This was
interpreted as an indication that the assumpticsoobtant average catchability between years
(which underlies every trawl survey) may not bereot.
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4.6.3 RESUMPTION OF THE WINTER SERIES OF EAST COAST SOUTH ISLAND TRAWL SURVEYS

The IFAWG agreed at a meeting held on 27 March 2B8f.the current summer east coast
South Island trawl survey was not reliably monigrimany of the fish populations in FMA 3
and that it would be discontinued (WG-INSHORE-0)/2%his was due to the apparent
patterns of changing catchability between surveyyavhich appeared to exceed likely
changes in population abundance (see Franas (2001) for an analysis of the large number
of correlated between species biomass shifts obdernvthe summer series). Extensive
analysis of the existing data for both the winted aummer trawl surveyref.) led to the
decision to resume the winter series of east ®asth Island trawl surveys, beginning in
May 2007. This decision was based on the reasdahatghe resumed series would be
comparable to five earlier surveys conducted fr@®11to 1996, thus allowing for long-term
comparisons in this important fishery (Table 17).

4.6.4 TRAWL SURVEY BIOLOGICAL DATA

4.6.4.1 AGE DISTRIBUTIONS

Scaled age frequency distributions from 1992 to41f8@m the east coast South Island winter
trawl survey show the progression of the strongll@®ar class which first entered the fishery
in 1992 as a 1+ cohort (Sutton 1997; Figure 19)esE age compositions must be considered
uncertain due to the small sample size of otolitHewever, the presence of a strong 1991
year class may provide a partial explanation otligh CPUE observed in 1994 (as this year
class recruited fully into the fishery). The relatdrop in CPUE since that period in the
middle 1990s may be because no subsequent largelgsaes have appeared.
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Figure 19. Scaled age frequency histograms foe matl female red gurnard surveyed from the east cbshe
South Island in May-June 1992 and 1993. Year amdber of otoliths read (n) are shown on the
histograms. The black bars illustrate the progoessf strong year classes. Data from Sutton (1997
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Table 19. Number of otoliths aged and the numbénaavls sampled from the summer R@haroatrawl

surveys.
Number et

Trip code Trawls| Female Male Unknown Total
kah9606 2§ 32 38 70
kah9618 5 116 84 200
kah9704 4 93 68 7 168
kah9809 4 120 102 1 223
kah9917 4 109 89 198
kah0014 1 120 90 210
Total 22 590 471 8 1069

The age and length data from the summerkR¥aroatrawl surveys have been aged and the
data summarised relative to the survey biomassiatgs (Table 19). There are not very
many samples and the calculated age frequencybdistms do not show any clear patterns
of abundance or strong year classes.

4.6.4.2

Summarised length frequency data for red gurnarselyfrom the winter series of east coast
South Island trawl surveys are highly variable leswyears, with one survey (KAH9205)
showing a bimodal distribution (Figure 20). Cuntiwi@ plots of the same data show some
stability between the survey years, with 1992 singwhe effect of the bimodality

(Figure 21). The two most recently conducted sys\appear to have distributions which
consist of small fish, lying to the left of the nhas the other distributions. The remaining
surveys progress to larger mean sizes, with thd 488 1996 surveys showing the largest
sizes, which would be consistent with the declmée fishery which started following the
1996-97 fishing year. The survey years with thalkrst mean lengths are 1992 and 2007
(Table 20).

WINTER RV KAHAROA SURVEYS LENGTH DISTRIBUTIONS

Table 20. Number measured and mean length (cfienwdle and male gurnard for each of the winter
surveys of the east coast South Island.

Number measured All fish Fish 30cmF.L.

Year Female Male Female Male Female Male
1991 224 199 39.1 37,8 40.3 38.4
1992 236 137 31.8 33,0 41.7 39.0
1993 448 500 36.9 347 37.8 35.6
1994 164 165 40.4 38,0 40.6 385
1996 355 583 39.4 36(2 39.9 36.6
2007 557 931 32.4 31i5 36.2 34.3
2008 756 721 36.9 333 38.1 34.8
46.4.3 SUMMER RV KAHAROA SURVEYS LENGTH DISTRIBUTIONS

Summarised length frequency data for elephantfysbex from the summer series of east
coast South Island trawl surveys appear to be mwae variable between years than the
winter surveyskrror! Reference source not found). KAH9704 shows very few fish with
small mode of young fish, which KAH9809 is bimodalth large numbers of both small and
large fish. It does not seem probable that thesecbnsecutive surveys were monitoring the
same population randomly.
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Figure 20. Scaled length frequencies for gurnaeodnpined 30-400 m strata) by sex for the wintet eaast
South Island trawl surveys from 1991 to 1996, 2806d@ 2008. Data have been binned into 2 cm length
classes (indicated by the mid-point of the bin).

Figure 21. Cumulative length frequencies for gmi@ombined 30-400 m strata) for each sex fomitmger
east coast South Island trawl surveys from 1991986, 2007 and 2008.
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4.7 COMPARISON OF AVAILABLE BIOMASS INDICES FOR GUR 3

Figure 23 plots the available abundance indice§&tdR 3 (winter surveys, summer surveys
and two of the CPUE biomass series BT(RCO)CB an(FBA)CB; Figure 16). It also plots
the QMR catches on the same relative scale. ThéEQRdices pass through the centre of
both the summer and winter series but are lesabarthan either of the two survey series
(Figure 23). There is reasonable agreement bettieetwvo CPUE series, the index derived
from the QMR catches and the winter survey seridge summer series is inconsistent with
each of the other series.

The large between year variations in the biomatisiates for gurnard in the winter series of
biomass indices from the 1990s, along with theremlit¢tory declining trend estimated by the
summer series (Figure 17; Figure 23) indicate tt@tsurvey catchability for this species may
varying for reasons other than fish abundanceiqudaitly for the summer series. The
instability in that fishery in the sampled lengteduency distributiongsror! Reference
source not found) indicate that there are likely to be annual \aes in catchability which
are undesirable for monitoring this population.vési this high level of interannual

variability, it would seem that continued monitgiwith CPUE data is also required for this
Fishstock.

Winter survey & GUR 3 CPUE: Summer survey & GUR 3 CPUE:
Divided by geometric mean: 90-91 to 93-94, 95-96, 06-07 & 07-08 Divided by geometric mean: 96-97 — 00-01

154
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0.5 A

0.0

1990-91 1993-94 1996-97 1999-00 2002-03 2005-06 1990-91 1992-93 1994-95 1996-97 1998-99 2000-01 2002-03 200405 2006-07

—&—FLA CPUE Series RCO CPUE series —&—FLA CPUE Series RCO CPUE series
- - O - - Winter survey — -& — GUR 3 QMR catch --O--Summersurvey — -&— GUR 3 QMR catch

Figure 23. Comparison of the available GUR 3 bissnadices: 1990-91 to 2007-08. Plots includerttiees
of total survey biomass (winter or summer) andrtbl-zero lognormal BT(RCO)CB and BT(FLA)CB
CPUE indices (Figure 16). Each series has bedtegleelative to the geometric mean of the years
shown at the top of each graph panel

4.8 INDUSTRY LOGBOOK PROGRAMME

4.8.1 INTRODUCTION

The section on the Industry Logbook Programme veasompleted for this document. See
previous documents for a review of the informatiailable prior to this report (Starr et al.
2007).
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5. ST10CK ASSESSMENT CONCLUSIONS

In 1996, the interpretation of the available CPWiad Section 4.5) and the biomass indices
(Section 4.6) allowed the IFAWG to recommend a il (50%) TACC increase for this
Fishstock under the AMP. However once the increasegranted, the fishery went into a
decline, showing a drop in both catches and catds which reached a nadir in 1998-99
(Figure 16). Catches and catch rates have simoe@eed to levels considerably higher than
those observed in the first half of the 1990s.

The term of the second GUR 3 AMP expired at thea2D01-02. MFish agreed to

maintain GUR 3 in the AMP but reduced the TACC fr8@® t to 800 t in spite of the
increasing catch rate observed in the fisheryatithe. The catch in 2002—-03, the first year
of the new AMP term, was 888 t, the highest intBeg/ear series at the time and very close to
previous TACC. The 2003-04 catch dropped to béd0®t, but has exceeded the TACC in
each year since then and exceeded 1 000 t in 2@06x®highest level of catch in the series
(Table 1).

Red gurnard is a bycatch of target red cod anfistabottom trawl fisheries. Information
presented in Table 14 and Table 15 indicate timagverage, about 7 % of the total catch is
targeted at this species. It is not a valuableisgeand there is not a large incentive for
fishers to actively seek it and there is clearlgtreely little declared targeting on this species.
Balancing this observation is Figure 15, which aadies that catch rates appear to have risen
more quickly than the catch, which may be evidehe¢ fishers can avoid this species to
some extent.

The available biomass indices from the winter tramrvey are reasonably consistent with the
CPUE series but the summer series is completebngistent (Figure 23). The summer east
coast South Island trawl survey has been discoadimiuwe to its unreliability across a number
of key species (see Section 4.6.3) while the abwrel&rends from the CPUE biomass series
(Figure 16) indicate that stock abundance is asigiisest since the series began in the early
1990s. These abundance trends are mirrored icatich and it is likely that the current
abundance of red gurnard in GUR 3 is at the higleest in the most recent 20 years.

An area-specific analysis of the GUR 3 CPUE abalzelow Banks Peninsula was carried
out to ensure that conclusions were not dominayeal fecovery in a single area (Section 4.5).
As well, the flatfish target analyses were split®en the east coast and Foveaux Strait
fisheries. Comparison showed that all series Waegely in agreement, particularly in

finding the same period of low catch rates in thé-rto late-1990s. The main divergence is
between the two series based on target flatfistlittg compared to the two using target red
cod data. Abundance as described by the latteahabyses appears to be still increasing
while in the flatfish series it appears to haveeld off (Figure 16). Given that there may be
a lag between the apparent abundance of gurndine itarget red cod fishery relative to the
target flatfish fishery, it is possible that thechich of gurnard in the red cod fishery will
diminish over the next few years. Offsetting thisdiction is the observation from the
resumed winter trawl survey that there are relgtilaege numbers of small gurnard in both
2007 and 2008 (Figure 21), which may indicate timathe short term, abundance will
continue to be high for red gurnard in GUR 3.
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6. INFORMATION ABOUT PARTICIPANTS

Name: South East Finfish Management (SEFM) Limited

Representation: Stakeholder group which represents finfish quotdérs in
FMA 3 and FMA 5. Currently this stakeholder compan
represents 98% of the total GUR 3 quota.

Contact Individual: Peter Dawson, Chief Executive

Phone: 03-328 9494

Fax: 03-328 9595

Postal Address: PO Box 43
Lyttleton

Email Address: pete@fishcon.net

Funding Support: Voluntary levy from quota owners

7. INFORMATION ABOUT THE ENVIRONMENTAL EFFECTS OF FISHI NG

7.1 INTRODUCTION

The Fisheries Act 1996 includes obligations to nganany adverse effects of fishing on the
aguatic environment. The purpose of the Fisheresl896 (Section 8 (1)), is to “provide for
the utilisation of fisheries resources while ensgisustainability”. ‘Utilisation’ means
“conserving, using, enhancing and developing figseresources to enable people to provide
for their social, economic and cultural well-beingnsuring sustainability’ means
“maintaining the potential of fisheries resouraesneet the reasonably foreseeable needs of
future generations and avoiding, remedying, orgating any adverse effects of fishing on
the aquatic environment.”

Section 9 of the Fisheries Act 1996 states thatetbons exercising or performing functions,
duties or powers in relation to the utilisatiorfisheries resources or ensuring sustainability,
shall take into account the following environmemahciples:

1. associated or dependent species should be maittaimsee a level that ensures
their long-term viability,

2. biological diversity of the aquatic environment gltbbe maintained and

3. habitat of particular significance for fisheriesmagement should be protected.

The GUR 3 fishery is taken almost entirely by tlogdm trawl method (over 98%). It is
mainly a bycatch of the domestic trawl fisheriegéting red cod and flatfish. These two
target species accounting for about 70% of theddrahtch. Other target trawl fisheries which
take red gurnard include gurnard, stargazer amdtitdar The red cod bottom trawl fishery
predominates in Areas 018, 020 and 022, while targe fishing for flatfish is relatively
more important in the more southerly east coasttSisland statistical areas and in
Southland. This is a long-standing AMP (establisinet991-92) and it is clear that the
availability of additional red gurnard quota has ledl to an increase in targeting of GUR 3 or
any specific environmental concerns. The GUR 3 AMER reviewed in 2002 and was
retained in the AMP at a reduced TACC of 800 t ddciober 2002.
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7.2 ASSOCIATED OR DEPENDENT SPECIES: SEABIRDS

The incidental bycatch of seabird species in figlsas a global problem. Seabirds and
fishermen both target productive areas of the oe¢d#ime same time of year. Seabirds are then
attracted to vessels by the discharge of offaldisdards and inevitably interactions occur.
Interaction of different seabird species with fiehgear will be influenced by their feeding
method, dive depth abilities and seabird size (B007). In trawl fisheries, seabirds are
attracted to vessels by the discharge of offaldiedarded bycatch, or through the availability
of catch when the net is brought to the surfaceildVattempting to feed seabirds can be

killed or injured by contacting the trawl warps. Nadities can also occur when birds dive

into the trawl net or become entangled in the mes¥een they are trying to seize fish.

Recently the focus of preventing seabird interastiwvith fishing gear has been on inshore
trawling and workshops have been held with fishernseientists, government officials,
observers and environmentalists. Offal managenseskey mitigation measure combined
with methods to keep seabirds away from trawl wa@agnard are landed green. Small
inshore trawlers that catch 98% of GUR 3 total iagd, are not considered to have significant
interactions with seabirds due to the low heighthefstern causing the warps to enter the
water close to the vessel. A meeting between MBglFIC and Industry was held in Timaru
on 10 December 2008 to discuss interactions. Fskein FMA 3 reported that captures of
birds in the net rarely occur due to net rollerggiag the mesh tight, warp captures of larger
seabirds are infrequent but do occasionally occur.

For trawlers over 28m in length, the Minister ofli@ries gazetted mandatory measures on 12
January 2006 to reduce seabird bycatch. Fishingowita warp-strike mitigation device is

now prohibited and it must be deployed as soorragtipable after the shooting of the net,

and must remain deployed for as long as practiqatibe to the net being brought back on
board the vessel. The three recognised warp-gstrikgation devices are paired streamer

lines, a bird baffler or a warp deflector.

7.2.1 OBSERVER COVERAGE

Observer coverage in inshore fisheries has beemlgelation to number of fishing days as
well as other measures of effort. Smaller vessa®more changeable fishing schedules than
larger vessels, due to greater operational seitgitovweather. In addition, smaller vessels
may not have space for an observer. The costherfisen of $825 per observer day is also
prohibitive. As a result of low levels of observewverage in inshore fisheries, our
understanding of the nature and extent of protespedies captures and interactions in
inshore fisheries is poor. The current lack of infation has made it difficult to assess the
frequency and representativeness of detected eapin@nts. The paucity of coverage also
makes it difficult to assess impacts of incidemalrtalities on protected species populations
(MFish 2007).

The Department of Conservation Services Programaseadguested observer days in inshore
trawl for a number of years now but has yet tow#lthe requested number of days -
coverage has been around 1% of total vessel ddie iiishery. For example in 2006/07 a
total of 250 observer days at $825 per day weliedebut only 106 days were achieved
throughout New Zealand (0.3% coverage of totalreffa0 seabirds were caught but none
were from the GUR 3 area. Six seabirds were obdezaaght in FMA 3 in 2007/08 from 47
tows observed. In 2009/10 a total of 300 DOC CS$tnker days in inshore trawl are planned
and it is noted that:
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“while 300 inshore trawl days will not provide sigfent data for estimating total incidental
catch of protected species nation-wide by this owthgreater knowledge will be gained
about how these fisheries interact with protecteecges’ (DOC 2008).

The focus for DOC CSP inshore trawl coverage in9200 will be outside the days planned
by MFish to monitor Hector’s dolphin interactiol®SP coverage will, instead, investigate all
protected species interactions with a particulaplessis on seabird interactions. Coverage
will be focused in FMA 3 to monitor for albatrosasp strikes. Coverage will be undertaken
throughout the year, except during months when $ftipiof Fisheries Hector’s dolphin
monitoring is underway.

In addition under the MFish New Initiative, the N&itry received an additional $1m for
observer coverage in 2008/09, $2m in 2009/10 amdl 8 2010/11. These funds were used
in 2008/09 for observing protected species intewast primarily dolphins. Over 50 students
provided the monitoring for January and Februai@®26n 962 days. They were assigned to
the following towns in FMA 3; Lyttleton, Timaru, drKaritane. No dolphin interactions were
observed. MFish observers will additionally condadtirther 1,100 observer days in inshore
setnet and trawl fisheries from 1 July 2009 toneate the nature and extent of incidental
captures of protected species in the New Zealamefies, in particular data on seabird warp
strike incidents.

7.3 ASSOCIATED OR DEPENDENT SPECIES: MARINE MAMMALS

7.3.1 HECTORS DOLPHINS

Hector’s dolphinCephalorhynchus hectori hectors, New Zealand’s only endemic cetacean
and is one of the world’s rarest dolphin specid® tal population is estimated by Slooten
et al (2002) to be 7,270 (C.V. 16.2%, log-normal 95%fmence interval is 5,303-9,966).

The Department of Conservation (Hitchmowlal 2007), have ranked its status as
‘nationally endangered’. Analysis of variation argaequences of mitochondrial DNA and
microsatellite allele frequencies pointed to thistnce of four genetically isolated
populations; three in the South Island (off the tweast and south coasts) and a fourth off the
west coast of the North Island (Pichler et al 198R3ctor’s dolphin abundance in the coastal
zone on the East Coast of the South Island to #aaduniles offshore was calculated at 1,880
individuals (CV=15.7%, log-normal 95% CI=1384-25%1iring line transect surveys in the
late 1990s,( Dawsoet al 2004). High densities of Hector’s dolphins off #eest coast are in
Akaroa Harbour, between Banks Peninsula and R&k&&r, on the east coast of Banks
Peninsula, and between Cape Campbell and Motunau.

Te Waewae Bay is considered to be the core araburfdance for Hector’s dolphins on the
south coast of the South Island (Figure 1). Thetmexent published and peer reviewed
population estimate for Te Waewae Bay (from a lii@ested transect survey undertaken in
1998-99) is 89 (CV=32%, log-normal 95% CI=36-218iuduals) (Dawson et al. 2004).
This population estimate does not include the gfuolphins resident in Porpoise Bay.
Further work is planned to identify whether thepgtase Bay dolphins (around 50 animals)
should be linked with the Te Waewae Bay populatithe east coast South Island
population.

The most recent survey used a vessel based magtuee method (MFish and DOC 2007)
during 2004 and 2005. The aims of the study weprdwide an abundance estimate and

AMPWG 2009/07: GUR 3 AMP Review_v2A (05 May 2009) 36



document the distribution of the Hector’s dolphopplation that used the bay. The study
estimated that the population that used Te WaevegearBthe Autumn of 2004 was 259 (CV
=0.171; 95% CIl = 185-361) and in the summer ped®3 (CV = 0.121; 95% CI = 280-488).
282 hours were spent on the water over 38 daysidy svith a total of 2,462 km travelled.
Dolphin distribution was concentrated along thdnore coastal section of the bay (less than
5.6km from shore) and dolphins were sighted leskeatvestern and eastern extremes of the
bay. 16.1% of the sighted dolphins in the Autumngeewere sighted further than 5.6 km
from shore and in summer 2.1% were sighted futtthem 5.6 km from shore, showing some
indication of seasonal inshore-offshore movement.

Page 9 of the Hectors and Maui Dolphin Threat Manaant Plan (MFish and DOC 2007)
states thatThe nature and extent of threats is still highlgentain, largely due to gaps in
available information.” Incidental mortality of Hectors dolphin from tramlj appears to be a
rare occurrence probably because of the noiselandspeed of trawling activity alerting
Hector's dolphins of the danger and allowing thenetto swim out of harms way. Between
1970 and 1995, four hector dolphins were caughh$iyore trawlers on the east coast of the
south island (DOC 2008). One capture of a Hectwlphin was reported by a fisherman in the
red cod trawl fishery in QMA 3 in the 1997-199&hiisg year (Starr and Langley 2000). It was
reported at a time when Hector’s dolphin were pigyaround the net being hauled. No trawl
mortalities have been observed or reported in FM#n8e this incident in 1998. Other likely
coastal zone anthropological risk factors includatkstrikes, habitat modification,
sedimentation, marine farming, and pollution (cheahand plastic litter). Hector’s dolphins
are threatened by even low levels of mortality ttuslow reproduction rates resulting in low
potential for population growth.

New prohibitions and other restrictions on setingitdrift netting and trawling came into
force from 1 October 2008 to protect threatenediétescand Maui's dolphins. On the South
Island east coast, from Cape Jackson in the Manllgdr Sounds to Slope Point in the Catlins,
and on the South Island south coast, from Slopethothe Catlins to Sand Hill Point east of
Fiordland; trawl gear was restricted offshore to tvautical miles unless a low headline
height trawl net is used which has a net openirtg aivertical height of no more than 1
metre (Figure 2).

7.3.2NEW ZEALAND FUR SEALS

New Zealand fur sealg\(ctocephalus forsteyiare protected under the Marine Mammals
Protection Act 1978, and are listed by DOC (Hitclugio 2007) as ‘not threatened’. The
population is estimated to be between 50,000 to0D@O(Suisted and Neale 2004). No census
of fur seals has occurred in New Zealand in thed@syears. Lalas and Bradshaw (2001) note
that in recent years the population in New Zealaawlincreased and the breeding distribution
has expanded northwards. The last comprehensiveysaof the population was conducted in
1973 by Wilson (1981), who generated a single patpan estimate for the entire New
Zealand region of 39,000 animals (range 30,000,608). Rookeries (breeding colonies) and
haul-outs (non breeding colonies) are re-estaligshround the South Island.
Unrepresentative and low observer coverage hatelihgistimation of marine mammal
captures across the fleet in most fisheries (MERD8B). However it is considered that fur seal
interactions with inshore trawlers are relativedyeron the east and south coasts of the South
Island.
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7.3.3BIOLOGICAL DIVERSITY

The potential environmental effects of fishing be biological diversity of the area have not
been well documented. Nor have any habitats ofquaat significance for fisheries
management been identified that may be affectettidyishery. The bottom trawl fishery
operates on relatively flat grounds. “Rough” grosiiage avoided because of the potential loss
or damage to fishing gear. FMA 3 is associated vathtively flat sandy/mud bottom in
shallow coastal water. Trawling impacts on the bestas the ground chain, bobbins and
trawl doors contact the sea floor during fishingcR hopper gear, which allows the net to
bounce over rocks, has extended fishing into samag/areas that have small amounts of foul
ground. There is little information on the rangel &ocation of broad bottom habitat types or
the vulnerability of each habitat (MFish 200®ryozoan beds off Otago Peninsula, in FMA
3, are a rare benthos type with high associatediv®@osity and may function as a important
nursery area. Commercial trawlers generally avoygdioan beds as the net fills up with the
skeletal frames of bryozoans. It should be notedidver, that the area in which the east
coast trawl fisheries operates has a long histbtsawling activity and it is unlikely that the
higher GUR 3 TACC has resulted in the trawling eivareas that were previously unfished.

Figure 25. Distribution of Hectors Dolphin (MFiahd DOC 2007)

! http://fpcs.fish.govt.nz/FishPlanComplex.aspx?I1D=9
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Figure 26. Trawl Restriction 1 October 2008

7.3.4CONCLUSIONS

Lack of information and data due to low observererage has made it difficult to

objectively evaluate the environmental effectsigliihg under the GUR 3 AMP. However
the adverse effects of fishing on the aquatic emvirent are considered to be relatively small
for GUR 3. Seabird and fur seal interactions caileoquantified but are considered to be
low. Fishermen have a voluntary Code of Practidd winumber of measures to avoid
interactions with penguins and Hectors dolphin.tHiecdolphin are also protected inside the
Banks Peninsula Marine Mammal Sanctuary and bywtbenautical mile closed zone.
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Appendix A. M AP OF MFISH STATISTICAL AND MANAGEMENT AREAS
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Figure A.1. Map of MFish statistical areas and @udanagement Area (QMA) boundaries, showing |ocesti
where QMA boundaries are not contiguous with théstical area boundaries.
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Appendix B. GUR 3 CPUE ANALYSIS

B.1 GENERAL OVERVIEW

When the East Coast South Island trawl survey vsaedtinued (after 2001), standardised CPUE
based on non zero GUR 3 catches in the flatfistoivotraw! fishery was accepted as an alternative
index of abundance. This study extends the pre\daoat/ses presented in 2007 by a further two
years of data but restricts the dataset to thésttat Areas south of Banks Peninsula, which
account for most of the bycatch of gurnard fromddargeted at flatfish. This also allowed for
better comparability with the target red cod CPURlgsis which was also split at Banks Peninsula.
Given the depth distribution of red gurnard andfidwish fishery, the offshore statistical areaerev
not included in the CPUE standardisation. Theipthg of differing CPUE trends between the

east and south coasts of the South Island wererexiby calculating separate sets of indices based
on the flatfish target bottom trawl fisheries iesk two areas.

A second CPUE series developed in 2005, basededrottom trawl fishery targeted at red cod,
is also extended here. The RCO fishery operateprmantly in Pegasus Bay and Canterbury
Bight. The AMP Working Group in 2007 considered gossibility of different biological

stocks north and south of Banks Peninsula to letylé&nd requested that the analysis of the
target RCO fishery be further split into two sepafasheries: Pegasus Bay, north of Banks
Peninsula (areas 018, 020) and Canterbury Bighthsg Banks Peninsula (areas 022, 024).

Binomial and combined models are also calculateddoh fishery dataset.

B.2 DATA PREPARATION

Candidate trips were identified by searching fotrgds which, at least for one event in the
trip, fished in a valid statistical area for GURu3 a) used the bottom trawl method and
targeted a flatfish species; or b) used the bottaml method and targeted red cod. This
produced two lists of trips for which all effortétandings records associated with these trips
were extracted, regardless of the method or tamugsties.

Extreme values in the effort data were identifisdatliers by examining the distribution for
each effort field by vessel and for the whole flédt records for a trip with missing or out-
of-range effort data were removed. Missing valugs/éssel ID, statistical area, method, or
target species within any trip were substitutedlite predominant (most frequent) value for
that field over all records for the trip. Trips ah were missing in all records for one of these
fields were dropped, as were trips which used mleltnethods and had a missing method
field.

Effort and estimated catch data were summarisdgshing trip for every unique combination
of fishing method, statistical area, and targetisgse referred to as a “trip strata”. This
reduced both CELR and TCEPR format records to loesoslution “amalgamated” data,
giving fewer records per trip but retaining thegaral method, area, and target species
recorded by the skipper. The daily resolution i @ELR data is lost as is the tow-by-tow
resolution in the TCEPR data.

The landed catches of GUR 3 for each trip werecatled to the “trip strata” (defined as
statistical area, target species and method) ipgstimn to the species estimated catch in each
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“trip-stratum”. In the case where there were rimested catches in any of the trip strata, the
allocation of the landing data was made proportemathe number of sets (or tows). The
main assumption made in this allocation procedsithat the estimated catches for gurnard
are made consistently across statistical areasaagett species within a trip. In contrast, if
estimated catches were used directly, the assumpiist be made that reporting rates are
constant across the entire fleet and all statisticgas for all years, as well as making the
assumption that the ratio of estimated catch tdddrgreenweight catch is also consistent
across the entire fleet for all years.

The potential data variables available from eaighiticlude estimated and landed catch of red
gurnard, the number of sets (or tows), total daratif fishing, fishing year, statistical area,
target species, month of landing, and a uniqueelédsntifier. Data might not represent an
entire fishing trip; just those portions of it tleatalified, but the amount of landed catch
assigned to the part of the trip that was kept @ proportional to the total landed catch
for the trip based on the estimated catches wipglorion the landings to each trip stratum.
Trips were not dropped because they targeted rharedne species or fished in more that
one statistical area. Trips landing more than deksfock of any species from one of the
straddling statistical areas were entirely dropped

B.2.1 DATA SELECTION AND METHODS

Those groups of events that satisfied the crit@rtarget species, method and statistical areas
defining the defined fisheries were selected framulable fishing trips. Any effort strata that
were matched to a landing of GUR 3 were termedcsssful”’, and included any relevant but
unsuccessful effort, so that the analysis of ceditds in successful strata also incorporates
much of the relevant zero catch information. @tkahich did not include any landed GUR 3
were assigned a value of zero so that the effda alssociated with them could be included in
the analysis that considered total effort (as déffiéiated from successful effort only).

Unstandardised and standardised CPUE analysespe@dogmed on each dataset. Two
standardised models were applied to each bycatelsetaOne model was a lognormal linear
model fit to successful catches of GUR 3, excludiagp catches. A binomial model which
predicted success or failure of GUR 3 catch wa®fihe total dataset, including records that
reported a zero catch of red gurnard. These twabetsavere combined into a single set of
indices using the method of Vignaux (1994).

Catch rates were standardised against variatitimeiexplanatory variables using a stepwise
multiple regression procedure, selecting untilithprovement in model Rwas less than
0.01. The year effects were extracted as canoodeficients (Francis 1999) so that
confidence bounds could be calculated for each year

The dependent variable for the lognormal model thhadog of landed weight of GUR 3 per
record (where a record is a trip/statistical asrght species stratum). The range of
explanatory variables offered to the models aremgin Table B.1, Table B.2, Table B.3 and
Table B.4. Fishing year was always forced as tis¢ ¥iariable, and month (of landing),
statistical area, target species, and a uniqueshvieestifier were also offered. The logs of
length of net, number of tows and total duratiomeniacluded as measures of effort to
explain catch per trip-stratum.
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The dependent variable for the binomial model whmary variable set to ‘1’ for records
which had associated GUR 3 catch and set to ‘O'doords with no catch. This model was
offered the same explanatory variables as the lmgalomodel.

The two models were combined into a single indemguthe following equation (Vignaux
1994):

Li
LRt g

where C; = combined index for year
Li = lognormal index for yedr
B = binomial index for year
Po = proportion zero for base year

C =

Eqg. 3

It is relatively straightforward to calculate stand errors for the indicds andB;. However,
this is not the case for the combined in@because the standard errors of the two sets of
indices are likely be correlated because they doame the same dataset. Francis (2001)
suggests that a bootstrap procedure is the appteprvay to estimate the variability of the
combined index. This was not done for this studyth@ effect of combining the models is
often not great, and where error bars are showmaroombined indices, they are based on
the standard errors from the lognormal model.

B.2.2 FISHERY DEFINITIONS FOR CPUE ANALYSIS

Four fisheries are defined for GUR 3 CPUE analysi#o sets of indices based on the shallower
bottom trawl fishery targeted at flatfish specipemating around the South Island and two sets of
indices based on the bycatch of gurnard in theomeshottom trawl fishery targeted at red cod
north (Pegasus Bay) and south (Canterbury BighBaoiks Peninsula.

BT (RCO) PB — Red cod bottom trawl Pegasus Bay;he Fishery is defined from bottom trawl
fishing events which fished in statistical area8,air 020 and targeted red cod. This definition
allowed the use of total effort and not just sustdseffort in the analysis of catch rates

BT (RCO) CB — Red cod bottom trawl Canterbury Bigh; The Fishery is defined from
bottom trawl fishing events which fished in statigt areas 022, or 024 and targeted red cod.
This definition allowed the use of total effort amot just successful effort in the analysis of
catch rates

BT (FLA) CB — Flatfish bottom trawl Canterbury Big ht; The Fishery is defined from
bottom trawl fishing events which fished in statiat areas 022, or 024 and targeted one of
the flatfish species. This definition allowed treewof total effort and not just successful effort
in the analysis of catch rates.

BT (FLA) S — Flatfish bottom trawl South; The Fishery is defined from bottom trawl
fishing events which fished in statistical areaS,d26, or 030, and targeted one of the
flatfish species. This definition allowed the useatal effort and not just successful effort in
the analysis of catch rates.
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B.3 UNSTANDARDISED CPUE

B.3.1 BT [RCO]PB RED COD BOTTOM TRAWL PEGASUS BAY

The number of trips in this fishery peaked in 1998at almost twice the 1990-91 levels and
have declined steadily since then to a level atgnethat is the lowest in the series
(Figure B.2).

Catch rates of red gurnard in successful tripgcethe performance of the target fishery in
the first half of the series, peaking in the mi®Q9 and declining to half that catch rate by the
late 1990s, but have increased steeply in the 2@@@pite declining effort, to the highest
level of the study period of almost 100 kg per iov2007-08 (Figure B.2).

The proportion of trips that reported zero catafeseased from around 30% in 1989-90 to
about 15 % in 2007-08 (Figure B.3), this statifticelative to the abundance of other
commonly caught species and the observed trendefi@gt changes in the underlying
abundance of the target species as much as imbtimelance of red gurnard, but it would be
expected to decline if abundance of red gurnardim@asasing.

The roll-up of data to trip-stratum is shown in tiig B.3 and shows no trend to the number of
original records per strata that might confoundapparent trend in proportion zero catches.
The last point is markedly higher and reflects ange to a new form type that records tow-
by-tow resolution data. The average number of tamalgamated to a trip-stratum is higher
in the second half of the time series and reflebtnges in fishing practice that may include
fewer changes of statistical area or target speathsn a fishing trip or shorter trips or a
combination of both.
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Figure B.2: Number of trips targeted at red codbitom trawl in BT (RCO) PB, (dark area), the numine
trips that landed GUR 3 (light area) and the singalteh rate (kg/tow) of GUR 3 in successful tripg,
fishing year.
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Figure B.3: The proportion of zero catch trip-sirat all qualifying BT (RCO) PB trips (before sdiea of core
vessels) [left], and the effect of data roll-upigaded by the ratio of original records per tripasam, and
number of tows per trip-stratum by fishing yeag|fi.

B.3.2 BT [RCO] CB RED COD BOTTOM TRAWL CANTERBURY BIGHT

The number of trips in this fishery peaked in 19%8lat about twice the 1990-91 levels and
have declined steadily since then to a level atgnethat is the lowest in the series
(Figure B.4).
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Figure B.4: Number of trips targeted at red codbbttom trawl in BT (RCO) CB, (dark area), the numioe
trips that landed GUR 3 (light area) and the singalteh rate (kg/tow) of GUR 3 in successful tripg,
fishing year.
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Catch rates of red gurnard in successful tripgcethe performance of the target fishery in
the first half of the series, peaking in the ed®@0s and declining to half that catch rate by
the late 1990s, but have increased steeply indbensl half of the series, despite declining

effort, to the highest level of the study periocabhost 100 kg per tow in 2007-08

(Figure B.5).

The proportion of trips that reported zero catafesreased from around 35% in the early
1990s to less than 20 % in 2005-06 (Figure B.%8,dtatistic is relative to the abundance of
other commonly caught species and the observed tmaty reflect changes in the underlying
abundance of the target species as much as ifbtimelance of red gurnard.

The roll-up of data to trip-stratum is shown in tiig B.5 and shows no trend to the number of
original records per strata that might confoundapparent trend in proportion zero catches.
The last point is markedly higher and reflects ange to a new form type that records tow-
by-tow resolution data. The average number of tamalgamated to a trip-stratum is higher
in the second half of the time series and reflebtnges in fishing practice that may include
fewer changes of statistical area or target sp&dthsn a fishing trip or shorter trips or a
combination of both (Figure B.5)
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Figure B.5: The proportion of zero catch trip-sdrat all qualifying BT (RCO) CB trips (before sefion of
core vessels) [left], and the effect of data rglindicated by the ratio of original records pgp-stratum,
and number of tows per trip-stratum by fishing yiemht].

B.3.3 BT [FLA] CB FLATFISH BOTTOM TRAWL CANTERBURY BIGHT

The number of trips in this fishery was stableratiad 2500 trips per year for most of the
earlier part of the study period, but has declisiade 1998-99 to t less that half that level in
2007-08 (Figure B.6). Catch rates of red gurnarsuiccessful trips fluctuated between 10
and 15 kg per tow for the first half of the setves have increased steadily over the last nine
years alongside a declining effort peak at ab@ut@per tow in 2006—07, dropping slightly
in 2007-08. (Figure B.6).

The proportion of trips that reported zero catdies decreased steadily over most of the
period from around 55% in 1990-91 to less than 36 200607 (Figure B.7). The roll-up
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of data to trip-stratum is shown in Figure B.7 ahdws no trend to the number of original
records per strata that might confound the appdrendl in proportion zero catches. The last
point is markedly higher and reflects a changerew form type that records tow-by-tow
resolution data.
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Figure B.6: Number of trips that targeted flatftshbottom trawl in BT (FLA) CB (dark area), the nioen in
trips that landed GUR 3 (light area) and the singaltch rate (kg/tow) of GUR 3 in successful tripg,

fishing year.
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Figure B.7: The proportion of zero catch trip-srat all qualifying BT (FLA) CB trips (before seliion of core
vessels) [left], and the effect of data roll-upigaded by the ratio of original records per tripasam, and
number of tows per trip-stratum by fishing yeagffti.
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B.3.4 BT [FLA] S FLATFISH BOTTOM TRAWL SOUTH

The number of trips in this fishery has fluctuasedund 800 trips per year for most of the
study period, with a low in 2000—01. Catch rateseof gurnard in successful trips were
around 15 kg per tow for most of the series, anehiacreased since then to about 35 kg per
tow in 2007-08, but with a lot of year to year aace (Figure B.8).
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Figure B.8: Number of trips that targeted flatfighbottom trawl in BT (FLA) S(dark area), the numbetrips
that landed GUR 3 (light area) and the simple cedtd (kg/tow) of GUR 3 in successful trips, bynfigy

year.
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Figure B.9: The proportion of zero catch trip-sdrat all qualifying BT (FLA) S trips (before setemn of core
vessels) [left], and the effect of data roll-upigaded by the ratio of original records per tripagim, and
number of tows per trip-stratum by fishing yeag|fi.

The proportion of trips that reported zero cataesreased steadily over most of the period
from around 50% in 1990-91 to about 15 % in 2007F0&ure B.9). The roll-up of data to
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trip-stratum is shown in Figure B.9 and shows eadrto the number of original records per
strata that might confound the apparent trend apgrtion zero catches. The last point is
markedly higher and reflects a change to a new tgpa that records tow-by-tow resolution
data. The average number of tows amalgamatedrip-stratum is higher in the second half
of the time series and reflects changes in fispiragtice that may include fewer changes of
statistical area or target species within a fishigor shorter trips or a combination of both
(Figure B.9).

B.4 STANDARDISED CPUE ANALYSIS

B.4.1 CORE FLEET DEFINITIONS

The data sets used for the standardised CPUE @nalgee further restricted to those vessels
that participated with some consistency in theraefifishery. Core vessels were selected by
specifying two variables; the number of trips thatermined a qualifying year, and the
number of qualifying years that each vessel paaigd in the fishery. The effect of these two
variables on the amount of landed rig retainedthédataset and on the number of core
vessels is depicted for each of the defined figlsan Figure C.1 to Figure C.4 . The core fleet
was selected by choosing variable values thattexsut the fewest vessels while maintaining
the largest catch of rig. The selection procesaliysteduced the number of vessels in the
dataset by about 70% while reducing the amourdrdéd red gurnard by about 20%.

The number of trips in each fishing year for thiesed core vessels in each fishery are
shown in (Figure C.1 to Figure C.4). Data setdlierfinal core vessels are summarised in
(Table C.1to Table C.4).

B.4.2 MODEL SELECTION

The BT (RCO) PB lognormal model (Table B.1) expéair85% of the variance in log catch,
largely by standardising for the effect of Ves&elg of number of tows and month also
entered the model but effected little additionarde in the annual indicéSigure B.10).
Overall, changes to the core fleet have been resiplerfor increasing the observed catch rate
in this fishery, as have shifts in the seasondtitigion. Changes to the number of tows per
stratum have served to decrease observed cagcbvat the series but the effect is slight.
More detailed demonstration of the effect of the&igaificant variables is presented in

Figure C.9 to Figure C.11. Similar variables emtiethe binomial model for this fishery
except that log of duration was selected over nurab®ws as the most informative measure
of effort. The binomial model explained 14% of theiance in success rate.

The BT (RCO) CB lognormal model (Table B.2) exp&adr86% of the variance in log catch,
largely by standardising for the effect of durataifrfishing. Vessel ID and month also
entered the model but effected little additionarde in the annual indices (Figure B.11).
Changes in total duration per trip-stratum lifted bbserved catches in the last half of the
series but dropped them in the last year so thatatithe effect was negative. Changes to the
core fleet and to the seasonal distribution ofifighboth served to lift catches over time.

More detailed demonstration of the effect of th&gaificant variables is presented in

Figure C.12 to Figure C.14. The same variablesredtthe binomial model for this fishery
explaining 21% of the variance in success rate.
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The BT (FLA) CB lognormal model (Table B.3) explath35% of the variance in log catch,
with vessel ID having the most explanatory powet te number of tows selected as the
most informative measure of effort. Month also esdethe model, but there was very little
effect on the annual indices from the additionhafsie explanatory variables (Figure B.12),
indicating perhaps a fishery that has been opemtadtonsistent manner. The overall effect
of changes in the core fleet was positive, increpsbserved catches over the series while the
effect of duration and month were both negativerdvitetailed demonstration of the effect of
these significant variables is presented in Figlie to Figure C.14. The same variables
entered the binomial model as in the lognormalexyained 35% of the variance in success
rate. Statistical area was not accepted intontinidel.

The BT (FLA) S lognormal model (Table B.4) explair&% of the variance in log catch,
largely by standardising for the effect of vestely of duration was selected as the most
informative measure of effort. Month and Statidtenr@a also entered the model. but effected
little additional change in the annual indices. &es in the core fleet and in the duration per
stratum both increased the observed catches wilieges in the spatial distribution of
fishing impacted negatively over time on catchesrd/detailed demonstration of the effect
of these significant variables is presented in FeédD.15 to Figure C.17. The same variables
(except statistical area) entered the binomial rhaslén the lognormal and explained 38% of
the variance in success rate.

Diagnostic residual plots are presented for eaghdamal model in Figure C.5 to Figure C.8 .
Each model shows some departure of the fit of dta tb the lognormal assumption with a
longer left-hand tail of the distribution of standised residuals.

Table B.1: Summary of final Binomial and Lognormaddels for the BT (RCO) PB fishery based on theeks
selection criteria of at least 5 trips in 5 or mbishing years. Independent variables are listethénorder
of acceptance to the model. AIC: Akaike Informatt@riterion, R2: Proportion of deviance explained,
Final: a flag indicating if the variable was inckdlin final model; see text for explanation of irgfhce
measures. Fishing year (fyear) was forced as theviariable.

Binomial

Term DF Deviance AIC R2 Final

None 0 9185 9187 0.000

fyear 19 9020 9058 0.018 *

month 30 8573 8633 0.067 *

poly(log(duration) , 3) 33 8 117 8183 0.116 *

vessel 55 7913 8023 0.138 *

poly(log(num), 3) 58 7 886 8002 0.141

area 59 7875 7993 0.143

Lognormal

Term DF Deviance AIC R2 Final Influence Influence

magnitude trend

None 0 19122 29450 0.000 - -
Fyear 19 18094 29049 0.054 * - -
Vessel 41 14649 27421 0.234 * 0.305 0.019
poly(log(num), 3) 44 13371 26704 0.301 * 0.105 -0.008
Month 55 12410 26136 0.351 * 0.059 0.004
poly(log(duration),3) 58 12295 26068 0.357 - -
Area 59 12268 26053 0.358 - -
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Table B.2: Summary of final Binomial and Lognormaddels for the BT (RCO) CB fishery based on thesgks
selection criteria of at least 10 trips in 6 or mfishing years. Independent variables are listatie
order of acceptance to the model. AIC: Akaike Infation Criterion, R2: Proportion of deviance
explained. Final: a flag indicating if the variablas included in final model; see text for explémabf
influence measures. Fishing year (fyear) was foeethe first variable.

Binomial
Term DF Deviance
None 0 20625
Fyear 19 20 360
vessel 54 17 526
poly(log(duration), 3) 57 16 775
Month 68 16 269
Area 69 16175
poly(log(num), 3) 72 16154
Lognormal
Term DF Deviance
None 0 31607
fyear 19 29 799
poly(log(duration), 3) 22 22 577
vessel 57 20 885
month 68 20 302
area 69 20071
poly(log(hum), 3) 72 19988

AlIC R2
20 627 0.0000
20398 0.0129
17 634 0.1503
16 889 0.1867
16 4050.2112
16 313 0.2158
16 298 0.2168

*

AIC R2

44 338 0.000
43695 0.057
40502 0.286
39674 0.339
39 370 0.358

39240 0.365
39198 0.368

*

Final

*
*

*

Influence Influence
magnitude trend

Final

0dh
0.013
0.008

0.156
0.047
0.027
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Figure B.10: Annual indices from the Lognormal mioafeBT (RCO) PB at each step in the variable s@ec

process.

Expected log (catches) for each significant predicariable for the lognormal models are
included in Figure C.9 to Figure C.21. There igadr relationship between catch and the
selected measure of effort in all models over #mge in which most of the data occur. The
same seasonal pattern is evident in both fishesigis,catches predicted to be highest over a
long season that includes most of the spring, sunam@ autumn months, and with lower
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predicted catches in winter. There are very cléd&reénces in performance with respect to

red gurnard between vessels, and a few vesselstaril have higher rates of gurnard
bycatch than the rest of the fleet.
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—4— area
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Figure B.11: Annual indices from the Lognormal mioafeBT (RCO) CB at each step in the variable sidec
process.

Table B.3: Summary of final Binomial and Lognormaddels based on the vessel selection criteriaéat IL0
trips in 5 or more fishing years) in the BT (FLABGishery. Independent variables are listed indgtaer
of acceptance to the model. AIC: Akaike Informatt@riterion, R2: Proportion of deviance explained;
Final: a flag indicating if the variable was inckdlin final model; see text for explanation of irgfhce
measures. Fishing year (fyear) was forced as theviariable.

Binomial
Term DF Deviance AIC R2 Final
None 0 40161 40 163 0.000
fyear 19 38307 38345 0.046 *
vessel 80 32695 32855 0.186 *
month 91 30378 30560 0.244 *
poly(log(duration), 3) 94 28 721 28 9090.285 *
poly(log(num), 3) 97 28421 28615 0.292

Lognormal
Term DF Deviance AIC R2 Final Influence Influence

magnitude trend

None 0 40415 64 691 0.000 - -
fyear 19 37337 63330 0.076 * - -
vessel 80 29 976 59578 0.258 * 0.084 0.004
poly(log(num), 3) 83 27 246 57899 0.326 * 0.050 -0.009
month 94 26 231 57 252 0.351 * 0.022 -0.001
poly(log(duration), 3) 97 25919 57046 0.359 - -
area 98 25774 56 950 0.362 - -
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Table B.4: Summary of final Binomial and Lognormaddels based on the vessel selection criterieéast 5
trips in 5 or more fishing years) in the BT (FLAYiShery. Independent variables are listed in ttaepof
acceptance to the model. AIC: Akaike InformatioiitéZion, R2: Proportion of deviance explained;
Final: a flag indicating if the variable was inckdlin final model; see text for explanation of irgfhce

measures. Fishing year (fyear) was forced as theviariable.

Binomial
Term DF Deviance  AIC R2 Final
None 0 19 137 19 139 0.000
fyear 19 18 427 18 465 0.037 *
vessel 67 13 159 13 293 0.313 *
poly(log(duration), 3) 70 12 225 12 365 0.361 *
month 81 11 877 12 0390.379
area 83 11 800 11 966 0.383
poly(log(num) 3) 86 11 788 11 960 0.384
Lognormal
Term DF Deviance AIC  R2 Fina  'Mfuence
magnitude

None 0 32 471 38 986 0.000 -
fyear 19 30 692 38 480 0.055 * -
vessel 66 17 483 33 164 0.462 * 0.121
poly(log(duration) , 3) 69 15 744 32 163 0.515 * 0.109
month 80 14 151 31 159 0.564 * 0.043
area 82 13 326 30 5860.590 * 0.105
poly(log(hum) 3) 85 13 300 30 573 0.590 -
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Figure B.12: Annual indices from the Lognormal mioafeBT (FLA) CB at each step in the variable sélat

process.
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process.

B.4.3 TRENDS IN MODEL YEAR EFFECTS

B.4.3.1 BT (RCO) PB red cod target bottom trawl fishery — Pegasus Bay

The standardised fishing year indices show a cgichattern of availability with a profound
slump that bottomed in the late 1990s followed Isyrang and steady recovery beginning in
the early 2000s. The indices and the trends arkede&rmined with close error bars and
changes in direction sustained over several yeHnsre is good agreement over the years in
common with the previous series estimated frommalai model (Figure B.14).

The effect of standardisation was slight over nodshe time series but appears to have more
effect towards the end of the series, with a lomgeand flattening of the unstandardised
CPUE series between 2000-01 and 2004-05). Thasgely a function of the model
accounting for changes to the core vessel fleeticpéarly the loss of many of the poorer
performing vessels over that period. Neverthelest) the unstandardised and the
standardised CPUE indicate that there had beenga ilacrease in three consecutive years
since 2004-05 (Figure B.15).

The binomial standardisation changes the unstarssatgrobability of capture very little and
generally confirms the overall pattern of increasigent in the lognormal series as well as
the dip in the late 1990s. When the binomial sesecombined with the lognormal, the effect
is complementary but very slight, exaggeratingrttagnitude of the peaks and lows of that
series without effecting any change to the ovérafids (Figure B.15).
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Figure B.14: The effect of core vessel selectitemdardisation, and combining of indices on the GRWE of
GUR in the BT (RCO) PB fishery. The previous indider a similar model presented in 2007 are shown

and all series have been rescaled relative toghesyin common.
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fishery. Top: Binomial index of probability of cape. Middle: Lognormal index of magnitude of catch.
broken line is the raw CPUE (kg / tow), the solitelis the standardised CPUE canonical indices with
2 * SE error bars. Bottom: The effect on the Lognalindex from combining it with the Binomial index
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B.4.3.2 BT (RCO) CB Red cod bottom trawl fishery — Canterbury Bight

The standardised fishing year indices shows theedzasic pattern as seen in the BT (RCO)
PB model; a distinctive low in 1997-98, followed &gubsequent recovery to levels that are
higher than those observed at the beginning oféhies. The increases in the relative index in
the final three years are particularly large. Treemdifference between this analysis and the
BT(RCO) PB model is that the steep increase has beesistent through the 2000s, except
for a dip in 2006-07. The indices and the trendsnall-determined with close error bars and
trends generally sustained over several yearsreTibgood agreement over the years in
common with the previous series estimated frormalai model (Figure B.16).

The effect of standardisation is slight until thestrecent three years, when the standardised
series peaks a little lower than observed in tretandardised CPUE (Figure B.17). The
model appears to account for recent years of higiveduration per record and, in the most
recent year, a decline in effort in the winter nienas well as the loss of some of the poorer
performing vessels.

The binomial model also agrees on the recent iseraad the effect of combining the
binomial series with the lognormal series is tb tiie most recent three years so that they
resemble the unstandardised catch rates (Figui®.B.1
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Figure B.16: The effect of core vessel selectitemdardisation, and combining of indices on the GRWE of
GUR in the BT (RCO) CB fishery. The previous indider a similar model presented in 2007 are shown
and all series have been rescaled relative toghesyin common.
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Figure B.17: The effect of standardisation on e CPUE of GUR by core vessels in the BT (RCO) CB
fishery. Top: Binomial index of probability of cape. Middle: Lognormal index of magnitude of catch.
broken line is the raw CPUE (kg / tow), the solitelis the standardised CPUE canonical indices with
2 * SE error bars. Bottom: Combined index of expdatatch.
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B.4.3.3 BT (FLA) CB Flatfish bottom trawl fishery

The standardised fishing year indices shows theedzasic pattern as seen in the BT (RCO)
CB model; a distinctive low in 1997-98, followed &pubsequent recovery to levels that are
the highest of the series. The main difference betwthis analysis and the BT (RCO) CB
model is a decline in the 2007-08 index. The iediand the trends are well-determined with
close error bars and trends generally sustainedseweral years. There is good agreement
over the years in common with the previous serséisnated from a similar model

(Figure B.18), although the 2007 model also inctudata from north of Banks Peninsula
(Area 018 and 020) that were not included in thigled which may be the reason the 2007
model lags behind the current model.

The effect of standardisation is small for the lmgnal model and adjustments for changes in
the fleet, the number of tows per stratum andsbasonal distribution have little effect on the

annual indices (Figure B.19).

The binomial model also agrees on the recent iseraad the effect of combining the
binomial series with the lognormal series is taneate an even stronger increase in recent
years (Figure B.19).
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Figure B.18: The effect of core vessel selectitemdardisation, and combining of indices on the GRWE of
GUR in the BT (FLA) CB fishery. The previous ind&ctr a similar model presented in 2007 are shown
and all series have been rescaled relative toghesyin common.
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Figure B.19: The effect of standardisation on tae CPUE of GUR by core vessels in the BT (FLA) CB
fishery. Top: Binomial index of probability of cape. Middle: Lognormal index of magnitude of catch.
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B.4.3.4 BT (FLA) S Flatfish bottom trawl fishery

The standardised fishing year indices are flatughomost of the time series, but increase
from 2001-02, peaking a year earlier (2004—05) thahe more northern BT (FLA) CB
fishery before dropping in 2005-06 and resumingnieeasing trend in the last two years
(Figure B.20). The effect of standardisation isltop the points in the late 1990s, and to lift
the peak in 2003-04 and 2004-05, but drop the regsnt year. This coincides with changes
in the fleet and in tow duration for the later haflthe time series.

The binomial model also agrees on the recent iseraad when the binomial series is
combined with the lognormal series, the effecbibft the points in the most recent two years
even higher, steepening the recent increase, witti@anging the overall trends (Figure B.21).
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Figure B.20: The effect of core vessel selectitemdardisation, and combining of indices on the GRWE of
GUR in the BT (FLA) S fishery. The previous indides a similar model presented in 2007 are shown
and all series have been rescaled relative toghesyin common.
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Appendix C. D ETAILED DIAGNOSTICS FOR GUR 3 CPUE
STANDARDISATIONS

C1l CORE VESSEL SELECTION
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Figure C.1: The number of vessels [top] and thal fanded GUR 3 [bottom] retained in the BT (RC@®) P
dataset depending on the minimum number of qualifyiears used to define core vessels. The number
of qualifying years (minimum number of trips pemlaygfor each series is indicated in the legend. The
participation of selected core vessels (based teaat 5 trips per year in at least five yearsjnbar of
records for each vessel in each fishing year [bot&ft],, and the distribution of length of parpeition
[bottom right].
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Figure C.2: The total landed GUR 3 [top left] ahd humber of vessels [top right] retained in the(BTO) CB

dataset depending on the minimum number of qualifyiears used to define core vessels. The number
of qualifying years (minimum number of trips peaygfor each series is indicated in the legende.Th
participation of selected core vessels (based taaat 10 trips per year in at least six yearsinimer of
records for each vessel in each fishing year [lbot&ft],, and the distribution of length of parpeition
[bottom right].
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Figure C.3: The total landed GUR 3 [top left] ahd humber of vessels [top right] retained in the(BILA) CB
dataset depending on the minimum number of qualifyiears used to define core vessels. The number
of qualifying years (minimum number of trips peaygfor each series is indicated in the legende.Th
participation of selected core vessels (based teaat 10 trips per year in at least five yearajnher of
records for each vessel in each fishing year [lbot&ft],, and the distribution of length of parpeition
[bottom right].
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Figure C.4: The total landed GUR 3 [top left] ahd humber of vessels [top right] retained in the(BIA) S
dataset depending on the minimum number of qualifyiears used to define core vessels. The number
of qualifying years (minimum number of trips peaygfor each series is indicated in the legende.Th
participation of selected core vessels (based taaat 10 trips per year in at least four yeargjnber of
records for each vessel in each fishing year [lbot&ft],, and the distribution of length of parpeition
[bottom right]..
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C.2 DATA SUMMARIES

Table C.1: Number of trips, proportion of recordghose trips that did not land GUR 3 number okoggssels,
and number of tows, landed GUR 3 (t), and simptetceate for core vessels (based on a minimum of 5
trips per year in at least 5 years) in the BT (R®B) fishery, by fishing year.

Fishing % zero Number Catch

year Trips strata  Vessels of tows (t) kg/tow
1989/90 337 20 11 1152 44 38
1990/91 371 20 12 1490 40 27
1991/92 462 28 14 2087 43 21
1992/93 710 22 14 2548 85 33
1993/94 811 24 16 2824 108 38
1994/95 841 20 17 2938 134 46
1995/96 633 18 16 2243 91 41
1996/97 684 18 17 2 280 79 35
1997/98 892 23 17 3745 69 19
1998/99 399 20 16 1654 49 30
1999/00 390 16 13 1744 37 21
2000/01 580 11 14 2 960 95 32
2001/02 444 15 13 2168 56 26
2002/03 442 12 10 2 365 82 35
2003/04 383 13 9 1584 67 42
2004/05 376 16 9 1845 51 28
2005/06 325 10 9 1394 65 47
2006/07 278 8 8 1328 78 59
2007/08 225 11 8 682 64 94

Table C.2: Number of trips, proportion of recordghose trips that did not land GUR 3 number otogssels,
and number of tows, landed GUR 3 (t), and simptetceate for core vessels (based on a minimum of 10
trips per year in at least 6 years) in the BT (RCB fishery, by fishing year.

Fishing % zero Number Catch CPUE

year Trips strata  Vessels of tows (t) kg/tow

1989/90 488 28 19 1734 47 27
1990/91 530 29 22 2077 51 24
1991/92 944 36 28 3715 112 30
1992/93 995 39 28 4176 82 20
1993/94 1312 25 31 5028 195 39
1994/95 1 505 29 32 5510 157 29
1995/96 1517 43 31 6 002 144 24
1996/97 1712 27 31 6 934 206 30
1997/98 1560 32 31 6 629 117 18
1998/99 1248 33 28 5172 66 13
1999/00 1065 29 28 4 899 83 17
2000/01 750 27 28 4029 118 29
2001/02 471 19 24 2954 99 33
2002/03 472 33 22 2701 105 39
2003/04 491 32 21 2700 80 29
2004/05 441 28 20 2211 96 44
2005/06 360 22 18 1767 108 61
2006/07 213 19 16 1023 61 59
2007/08 190 34 14 588 51 86

AMPWG 2009/07: GUR 3 AMP Review_v2A (05 May 2009) 70



Table C.3: Number of trips, proportion of recordghose trips that did not land GUR 3, number oéogessels,
and number of tows, landed GUR 3 (t), and simplelcrate for core vessels (based on a minimun@of 1
trips per year in at least 5 years) in the BT (FIOB fishery, by fishing year.

Fishing % zero Number Catch CPUE

year Trips strata  Vessels of tows (t) kg/tow

1989/90 1459 51 36 4 435 31 7
1990/91 1361 58 36 4247 29 7
1991/92 1088 52 41 3853 19 5
1992/93 1871 55 45 7028 36 5
1993/94 1937 45 49 6912 51 7
1994/95 1968 52 41 5994 38 6
1995/96 1730 49 43 5024 40 8
1996/97 1901 42 44 5890 38 6
1997/98 1975 48 41 6 266 30 5
1998/99 2199 44 37 7 086 42 6
1999/00 1770 35 38 5594 45 8
2000/01 1229 42 35 4120 32 8
2001/02 1440 33 33 4 955 51 10
2002/03 1721 28 30 6 464 77 12
2003/04 1641 31 29 5728 80 14
2004/05 1657 22 32 5877 83 14
2005/06 1135 17 26 3679 71 19
2006/07 899 13 26 3004 69 23
2007/08 737 27 29 2072 40 19

Table C.4: Number of trips, proportion of recordghose trips that did not land SPO 7, number of sessels,
and number of tows, landed GUR 3 (t), and simpteltrate for core vessels (based on a minimund afiis
per year in at least 4 years) in the BT (FLA) $dig, by fishing year.

Fishing % zero Number Catch CPUE

year Trips strata  Vessels of tows (t) kg/tow

1989/90 472 53 22 2 337 14 6
1990/91 414 62 18 1982 21 10
1991/92 609 49 26 2 857 19 7
1992/93 756 46 32 3899 28 7
1993/94 686 44 30 3654 37 10
1994/95 806 48 34 4 154 34 8
1995/96 841 42 39 5 455 61 11
1996/97 1039 34 38 7197 62 9
1997/98 957 27 36 6 440 83 13
1998/99 812 26 32 5590 73 13
1999/00 744 27 32 5293 48 9
2000/01 874 29 37 6 475 83 13
2001/02 827 24 34 6 000 98 16
2002/03 838 26 32 6 953 97 14
2003/04 870 40 30 5953 102 17
2004/05 851 33 31 5628 119 21
2005/06 689 34 29 4818 75 15
2006/07 633 27 26 5 659 90 16
2007/08 614 16 24 4741 139 29
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C.3 RESIDUAL PLOTS
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Figure C.5: Plots of the fit of the standardisedJERmodel to successful catches of GUR 3 in the BTQ) PB
fishery. [Upper left] histogram of the standardisediduals compared to a lognormal distribution $8D
standard deviation of standardised residuals. MAS&dian of absolute standardised residuals); [Upper
right] Q-Q plot of the standardised residuals; [levWeft] Standardised residuals plotted against the
predicted model catch per trip; [Lower right] Obsat catch per record plotted against the predicted
catch per record.

n ihy
U

Standardised residual

Figure C.6: Plots of the fit of the standardisedJEPmodel to successful catches of GUR 3 in the RTCQ@) CB
fishery. [Upper left] histogram of the standardisediduals compared to a lognormal distribution $8D
standard deviation of standardised residuals. MAS&dian of absolute standardised residuals); [Lower
left] Standardised residuals plotted against tleelisted model catch per trip; [Lower right] Obsetve
catch per record plotted against the predictechgage record.
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Figure C.7: Plots of the fit of the standardisedJEAmodel to successful catches of GUR 3 in the BIA) CB
fishery. [Upper left] histogram of the standardisediduals compared to a lognormal distribution
(SDSR: standard deviation of standardised residM#sSR: median of absolute standardised
residuals); [Lower left] Standardised residualdteld against the predicted model catch per trip;
[Lower right] Observed catch per record plottediagfathe predicted catch per record.
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Figure C.8: Plots of the fit of the standardisedJERmodel to successful catches of GUR 3 in the BIA) S
fishery. [Upper left] histogram of the standardisediduals compared to a lognormal distribution $8D
standard deviation of standardised residuals. MAS&dian of absolute standardised residuals); [Lower
left] Standardised residuals plotted against tleelisted model catch per trip; [Lower right] Obsetve
catch per record plotted against the predictechgage record.
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Figure C.9: Effect of vessel in the lognormal maidelthe BT (RCO) PB fishery. Top: effect by lewal

Figure C.10: Effect of month in the lognormal moftelthe BT (RCO) PB fishery. Top: effect by lews|
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Figure C.11: Effect of log(number tows) in the logmal model for the BT (RCO) PB fishery. Top: effeg
level of variable (left-axis: log space, additivigtht-axis: natural space, multiplicative). Bottdeft:
distribution of variable by fishing year. Bottonght: cumulative effect of variable by fishing year
(bottom-axis: log space additive; top-axis: natsmadce multiplicative).
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Figure C.12: Effect of log(duration) in the lognmal model for the BT (RCO) CB fishery. Top: efféxst level
of variable (left-axis: log space, additive; rightis: natural space, multiplicative). Bottom-left:
distribution of variable by fishing year. Bottonghit: cumulative effect of variable by fishing year
(bottom-axis: log space additive; top-axis: natsgdce multiplicative).
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Figure C.13: Effect of vessel in the lognormal mddethe BT (RCO) CB fishery. Top: effect by leve

variable (left-axis: log space, additive; rightsxnatural space, multiplicative). Bottom-left:

distribution of variable by fishing year. Bottonght: cumulative effect of variable by fishing year

(bottom-axis: log space additive; top-axis: natsgdce multiplicative).
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Figure C.14: Effect of month in the lognormal moftelthe BT (RCO) CB fishery. Top: effect by lea]

variable (left-axis: log space, additive; rightsxnatural space, multiplicative). Bottom-left:

distribution of variable by fishing year. Bottonght: cumulative effect of variable by fishing year

(bottom-axis: log space additive; top-axis: natsgdce multiplicative).
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Figure C.15: Effect of vessel in the lognormal niddethe BT (FLA) CB fishery. Top: effect by levef
variable (left-axis: log space, additive; rightsixnatural space, multiplicative). Bottom-left: tdisution
of variable by fishing year. Bottom-right: cumulatieffect of variable by fishing year (bottom-axisy
space additive; top-axis: natural space multiphegt
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Figure C.16: Effect of log(number tows) in therogmal model for the BT (FLA) CB fishery. Top: eftdoy
level of variable (left-axis: log space, additivigght-axis: natural space, multiplicative). Bottdeft:
distribution of variable by fishing year. Bottonght: cumulative effect of variable by fishing year
(bottom-axis: log space additive; top-axis: natsdce multiplicative).
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Figure C.17: Effect of month in the lognormal mbitde the BT (FLA) CB fishery. Top: effect by levef
variable (left-axis: log space, additive; rightsmatural space, multiplicative). Bottom-left: tdisution
of variable by fishing year. Bottom-right: cumulatieffect of variable by fishing year (bottom-axisy
space additive; top-axis: natural space multiphegt
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Figure C.18: Effect of vessel in the lognormal mldidr the BT (FLA) S fishery. Top: effect by levef variable
(left-axis: log space, additive; right-axis: nafuispace, multiplicative). Bottom-left: distributiaf
variable by fishing year. Bottom-right: cumulatigffect of variable by fishing year (bottom-axisglo
space additive; top-axis: natural space multiphegt
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Figure C.19: Effect of log(duration) in the lognmal model for the BT (FLA) S fishery. Top: effeat level of
variable (left-axis: log space, additive; rightsmatural space, multiplicative). Bottom-left: tdisution
of variable by fishing year. Bottom-right: cumulatieffect of variable by fishing year (bottom-axisy

space additive; top-axis: natural space multiphegt
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Figure C.20: Effect of month in the lognormal mbfibe the BT (FLA) S fishery. Top: effect by levef
variable (left-axis: log space, additive; rightsixnatural space, multiplicative). Bottom-left: tdisution
of variable by fishing year. Bottom-right: cumulatieffect of variable by fishing year (bottom-axisy

space additive; top-axis: natural space multiphegt
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Figure C.21: Effect of area in the lognormal maddelthe BT (FLA) S fishery. Top: effect by level wariable
(left-axis: log space, additive; right-axis: nafuispace, multiplicative). Bottom-left: distributiaf
variable by fishing year. Bottom-right: cumulatigffect of variable by fishing year (bottom-axisglo
space additive; top-axis: natural space multiphegt
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Table C.5: Relative year effects and 95% confidentvals (in parentheses) for the constituentspairthe
Combined models fitted to GUR 3 bottom trawl fisaer

BT(RCO) PB
Fishing Arithmetic
year (all vessels)
1990 1.061
1991 0.779
1992 0.638
1993 0.859
1994 1.204
1995 1.315
1996 1.202
1997 1.037
1998 0.577
1999 0.860
2000 0.691
2001 0.887
2002 0.696
2003 1.057
2004 1.131
2005 0.748
2006 1.370
2007 1.646
2008 2.624
BT (RCO) CB
Fishing Arithmetic
year (all vessels)
1990 0.783
1991 0.853
1992 0.829
1993 0.694
1994 1.120
1995 0.935
1996 0.813
1997 1.026
1998 0.621
1999 0.417
2000 0.492
2001 0.878
2002 1.214
2003 1.189
2004 1.202
2005 1.513
2006 2.106
2007 1.948
2008 2.472

mean

1.247
0.768
0.612
0.915
1.187
1.222
1.218
0.992
0.553
0.843
0.647
0.874
0.688
1.015
1.155
0.783
1.420
1.778
2.532

mean

0.868
0.891
0.948
0.696
1.294
0.938
0.760
0.992
0.599
0.404
0.489
0.879
1.191
1.317
1.085
1.348
2.050
1.872
2.340

Arithmetic Geometric
ean

mean

1.134
0.623
0.557
0.840
0.909
1.154
1.343
1.052
0.536
0.857
0.617
0.852
0.663
0.992
1.358
0.996
1.515
2.135
2.944

Arithmetic Geometric
mean

mean

0.856
0.865
1.036
0.712
1.400
1.053
0.989
1.082
0.627
0.431
0.455
0.802
0.975
0.941
0.987
1.189
2.225
1.706
2.878

Lognormal
standardisation

1.116 (0.953-1.308)
1.176 (1.014-1.365)
0.924 (0.803-1.064)
1.133 (1.010-1.269)
1.260 (1.131-1.403)
1.375 (1.241-1.525)
1.349 (1.202-1.514)
1.067 (0.956-1.190)
0.531 (0.482-0.586)
0.597 (0.519-0.686)
0.554 (0.482-0.636)
0.852 (0.760-0.955)
0.766 (0.672-0.872)
0.963 (0.846-1.096)
0.959 (0.835-1.102)
0.774 (0.669-0.896)
1.158 (0.997-1.346)
1.627 (1.382-1.916)
1.891 (1.576-2.269)

Lognormal
standardisation

1.046 (0.910-1.202)
0.846 (0.740-0.966)
0.960 (0.862-1.069)
0.654 (0.588-0.729)
1.473 (1.349-1.607)
1.021 (0.938-1.111)
0.998 (0.910-1.093)
1.135 (1.050-1.227)
0.686 (0.631-0.746)
0.486 (0.442-0.534)
0.487 (0.442-0.537)
0.889 (0.793-0.997)
1.006 (0.879-1.151)
0.909 (0.787-1.050)
0.966 (0.840-1.112)
1.185 (1.023-1.373)
1.961 (1.676-2.294)
1.563 (1.287-1.900)
2.283 (1.827-2.851)
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Binomial
standardisation

0.795

0.824 (007BB6)
0.698 (0G169)
0.741 (0(6862)
0.762 (006948)
0.763 (0(6920)
0.792 (07847)
0.806 (0(7837)
0.730 (0(6382)
0.697 (0(BU36)
0.820 (0(7875)
0.879 (0B267)
0.842 (007391)
0.835 (0(7888)
0.820 (0(7829)
0.796 (007881)
0.855 (0(7808)
0.860 (007916)
0.887 (0(B283)

Binomial
standardisation

0.722
0.699 (0(63459)
0.605 (0(5888)
0.526 (001592)
0.768 (007862)
0.673 (0(6128)
0.547 (001889)
0.782 (0(7823)
0.681 (0(6Z34)
0.689 (0(6294)
0.799 (007801)
0.757 (0(6869)
0.801 (0(V8B2)
0.674 (0(6701)
0.667 (05932)
0.789 (07841)
0.788 (07394)
0.836 (07891)
0.767 (0(6834)

Combined
standardisation

1.1221901.304)
1.215 (1.047-1.409)
0.808 (0.702-0.931)
1.051 (0.937-1.178)
1.202 (1.079-1.340)
1.314 (1.185-1.457)
1.339 (1.193-1.502)
1.077 (0.965-1.201)
0.485 (0.440-0.535)
0.521 (0.453-0.599)
0.569 (0.495-0.653)
0.938 (0.837-1.052)
0.808 (0.709-0.920)
1.008 (0.885-1.147)
0.986 (0.858-1.132)
0.772 (0.667-0.894)
1.241 (1.068-1.442)
1.754 (1.490-2.065)
2.102 (1.752-2.523)

Combined
standardisation

1.08R701.225)
0.833 (0.730-0.952)
0.819 (0.736-0.912)
0.486 (0.436-0.541)
1.595 (1.462-1.741)
0.969 (0.891-1.055)
0.770 (0.703-0.844)
1.252 (1.158-1.354)
0.659 (0.606-0.717)
0.472 (0.430-0.519)
0.549 (0.498-0.605)
0.949 (0.846-1.065)
1.137 (0.994-1.301)
0.864 (0.748-0.999)
0.909 (0.790-1.046)
1.318 (1.138-1.527)
2.180 (1.864-2.551)
1.843 (1.517-2.240)
2.470 (1.977-3.086)
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Table C.5 (cont.):

BT (FLA) CB
Fishing Arithmetic
year (all vessels)
1990 0.792
1991 0.814
1992 0.544
1993 0.446
1994 0.860
1995 0.989
1996 0.842
1997 0.933
1998 0.558
1999 0.588
2000 0.695
2001 0.721
2002 1.134
2003 1.389
2004 1.470
2005 1.769
2006 2.420
2007 2.712
2008 2.161
BT (FLA) S
Fishing A”thmme;:
year (all vessels)
1990 0.399
1991 0.599
1992 0.639
1993 0.749
1994 0.701
1995 0.580
1996 0.732
1997 0.805
1998 1.058
1999 1.044
2000 0.864
2001 1.357
2002 1.495
2003 1.365
2004 1.536
2005 1.464
2006 1.116
2007 1.848
2008 2.984

mean

0.633
0.732
0.552
0.529
0.791
0.669
0.800
0.719
0.517
0.636
0.812
0.822
1.201
1.567
1.682
1.820
2.662
3.071
2.354

mean

0.432
0.707
0.510
0.774
0.718
0.584
0.812
0.862
1.110
1.091
0.834
1.260
1.479
1.432
1.597
1.548
1.119
1.381
2.747

Arithmetic Geometric
mean

mean

0.753
0.897
0.668
0.534
0.844
0.764
0.846
0.678
0.580
0.658
0.838
0.873
1.072
1.220
1.704
1.602
2.208
2.525
2.018

n Arithmetic Geometric

mean

0.503
0.970
0.661
0.675
0.766
0.864
0.938
0.680
0.963
0.991
0.886
0.943
1.145
1.208
1.456
1.500
1.348
1.460
2.298

Lognormal
standardisation

0.744 (0.677-0.817)
0.800 (0.720-0.888)
0.642 (0.576-0.715)
0.613 (0.562-0.669)
1.060 (0.979-1.149)
0.887 (0.817-0.963)
0.943 (0.867-1.027)
0.735 (0.682-0.792)
0.595 (0.551-0.643)
0.548 (0.510-0.589)
0.738 (0.686-0.793)
0.834 (0.762-0.913)
1.042 (0.962-1.128)
1.216 (1.131-1.307)
1.600 (1.483-1.726)
1.615 (1.504-1.734)
2.358 (2.171-2.561)
2.377 (2.176-2.597)
1.782 (1.605-1.979)

Lognormal
standardisation

0.745 (0.636-0.873)
1.029 (0.857-1.236)
0.840 (0.734-0.960)
0.760 (0.676-0.855)
0.899 (0.797-1.014)
0.936 (0.835-1.050)
0.992 (0.892-1.103)
0.757 (0.691-0.829)
0.763 (0.697-0.834)
0.717 (0.652-0.790)
0.693 (0.627-0.766)
0.759 (0.691-0.834)
0.920 (0.837-1.011)
1.135 (1.032-1.248)
1.648 (1.484-1.830)
1.841 (1.663-2.038)
1.427 (1.276-1.595)
1.497 (1.340-1.673)
1.657 (1.493-1.839)
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Binomial
standardisation

0.487
0.393 (0(8838)
0.494 (001862)
0.543 (0%667)
0.683 (0(6429)
0.619 (0G89)
0.634 (0%625)
0.694 (0(6380)
0.633 (05622)
0.602 (05602)
0.721 (0(6336)
0.752 (007188)
0.800 (0(V829)
0.820 (0(7806)
0.730 (0G6966)
0.850 (0(8834)
0.893 (0(B683)
0.899 (0(BY29)
0.815 (0(7388)

Binomial
standardisation

0.466
0.410 (0(8361)
0.470 (0(BB92)
0.547 (001684)
0.499 (001580)
0.432 (0(B509)
0.507 (001385)
0.573 (001887)
0.599 (05B8272)
0.627 (0G460)
0.636 (0G3%0)
0.595 (0GE69)
0.687 (0(665)
0.728 (0(6391)
0.594 (06622)
0.712 (06387)
0.697 (0B187)
0.713 (0(63863)
0.842 (0(7889)

Combined
standardisation

0.53®(60.592)
0.468 (0.422-0.520)
0.472 (0.423-0.525)
0.496 (0.454-0.541)
1.078 (0.995-1.168)
0.817 (0.752-0.887)
0.890 (0.818-0.969)
0.759 (0.704-0.818)
0.560 (0.519-0.605)
0.490 (0.456-0.527)
0.791 (0.736-0.851)
0.933 (0.852-1.022)
1.239 (1.145-1.342)
1.483 (1.380-1.594)
1.738 (1.611-1.875)
2.043 (1.902-2.194)
3.132 (2.884-3.402)
3.180 (2.910-3.474)
2.161 (1.946-2.400)

Combined
standardisation

0.5BD60.694)
0.721 (0.600-0.866)
0.673 (0.588-0.769)
0.710 (0.631-0.798)
0.766 (0.679-0.864)
0.691 (0.616-0.775)
0.859 (0.772-0.955)
0.741 (0.676-0.811)
0.780 (0.713-0.853)
0.767 (0.697-0.845)
0.752 (0.680-0.831)
0.770 (0.701-0.847)
1.079 (0.982-1.186)
1.410 (1.283-1.551)
1.672 (1.506-1.857)
2.238 (2.022-2.478)
1.697 (1.517-1.897)
1.821 (1.630-2.036)
2.383 (2.147-2.644)
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