Fisheries New Zealand

Tini a Tangaroa

Fisheries
Assessment
Plenary

May 2020
Stock Assessment and Stock Status

Volume 2: Hoki to Redbait

NewZealand Government







Fisheries New Zealand

Tino a Tangaroa

Fisheries Science and Information

Fisheries Assessment Plenary

May 2020

Stock Assessments and Stock Status
Volume 2: Hoki to Redbait



ISBN (print): 978-1-99-002537-2
ISBN (online): 978-1-99-002536-5

© Crown Copyright May 2020 — Fisheries New Zealand

The written material contained in this document is protected by Crown copyright. This document is
published by Fisheries New Zealand, a branded business unit within the Ministry for Primary Industries.
All references to Fisheries New Zealand in this document should therefore, be taken to refer to the
Ministry for Primary Industries.

The information in this publication is not governmental policy. While all reasonable measures have
been made to ensure the information is accurate, Fisheries New Zealand does not accept any
responsibility or liability for any error, inadequacy, deficiency, flaw in or omission from the information
provided in this document or any interpretation or opinion that may be present, nor for the consequences
of any actions taken or decisions made in reliance on this information. Any view or opinion expressed
does not necessarily represent the view of the Fisheries New Zealand.

Compiled and published by

Fisheries New Zealand

Fisheries Science and Information

Charles Fergusson Building, 34-38 Bowen House
PO Box 2526, Wellinton 6140

New Zealand

Requests for further copies should be directed to:
Publications Logistics Officer

Ministry for Primary Industries

PO Box 2526

WELLINGTON 6011

Email: brand@mpi.govt.nz

Telephone: 0800 00 83 33

Facsimile: 04-894 0300

This publication is also available on the Ministry for Primary Industries websites at:
www.fisheries.govt.nz/news-and-resources/science-and-research/fisheries-research/

Or at
fs.fish.govt.nz under document library and stock assessment plenary.

Cover images:

e Leatherjacket — Josh van Lier
e Blue Cod and Jack Mackerel — Rob Wilson

Printed by: Graphic Press & Packaging, Levin

Preferred citation

Fisheries New Zealand (2020). Fisheries Assessment Plenary, May 2020: stock assessments and stock
status. Compiled by the Fisheries Science and Information Group, Fisheries New Zealand,
Wellington, New Zealand. 1 746p


mailto:brand@mpi.govt.nz

Fisheries New Zealand

MAY 2020 PLENARY VOLUME CONTENTS

Volume 1
Alfonsino to Hake

Alfonsino (BY X)
Anchovy (ANC)
Arrow squid (SQU)
Barracouta (BAR)
Black cardinalfish (CDL)
Bladder kelp attached (KBB G)
Blue cod (BCO)
Blue mackerel (EMA)
Blue moki (MOK)
Blue warehou (WAR)
Bluenose (BNS)
Butterfish (BUT)
Cockles (COC)
COC Introduction
COC 1A
cocs3
COC7A
Deepwater (King) clam (PZL)
Elephant fish (ELE)
Flatfish (FLA)
Freshwater eels (SFE, LFE)
Frostfish (FRO)
Garfish (GAR)
Gemfish (SKI)
Ghost shark
Dark ghost shark (GSH)
Pale ghost shark (GSP)
Giant spider crab (GSC)
Green-lipped mussel (GLM)
Grey mullet (GMU)
Groper (HPB)
Hake (HAK)

Volume 2
Hoki to Redbait

Hoki (HOK)
Horse mussel (HOR)
Jack mackerels (JMA)
John dory (JDO)
Kahawai (KAH)
Kina (SUR)
King crab (KIC)
Kingfish (KIN)
Knobbed whelk (KWH)
Leatherjacket (LEA)
Ling (LIN)
Lookdown dory (LDO)
Orange roughy (ORH)
ORH Introduction
ORH 1
ORH 2A/2B/3A
ORH 3B
ORH 7A
ORH 7B
ORHET
Oreos (OEO)
OEO Introduction
OEO 3
OEO 4
OEO 1land 6
Paddle crabs (PAD)
Parore (PAR)
Paua (PAU)
Paua Introduction
PAU 2
PAU 3
PAU 4
PAU 5A
PAU 5B
PAU 5D
PAU 7
Pilchard (PIL)
Pipis (PPI)
PPI 1
PPI 1A
Porae (POR)
Prawn killer (PRK)
Queen scallops (QSC)
Redbait (RBT)

Volume 3
Red cod to Yellow-eyed Mullet

Red cod (RCO)

Red crab (CHC)

Red gurnard (GUR)

Red snapper (RSN)

Ribaldo (RIB)

Rig (SPO)

Rubyfish (RBY)

Scampi (SCI)

Sea cucumber (SCC)

Sea perch (SPE)

Silver warehou (SWA)

Skates
Rough Skate (RSK)
Smooth Skate (SSK)

Snapper (SNA)

Southern blue whiting (SBW)

Spiny dogfish (SPD)

Sprat (SPR)

Stargazer (STA)

Surf Clams
Surf Clams Introduction
Deepwater tuatua (PDO)
Fine (Silky) dosinia (DSU)
Frilled venus shell (BYA)
Large trough shell (MMI)
Ringed dosinia (DAN)
Triangle shell (SAE)
Trough shell (MDI)

Tarakihi (TAR)

Toothfish (TOT)

Trevally (TRE)

Trumpeter (TRU)

Tuatua (TUA)

White warehou (WWA)

Yellow-eyed mullet (YEM)






CONTENTS
Volume 2: Hake to Pilchard

Page
o) T = (0 )4 T 579
Horse mussel (HOR). ... e e e e e e e 623
Jack MACKEIEIS (JIMA) ... uinetii ittt et e 627
JONN AOTY (JDIO) .ottt e e e e e e e e e e 651
Kahawai (KAH) ... e e e e e et et e e e e et e aa e 679
KiNA (SUR) o e 703
G5 e o S () T O 715
Kingfish (KIN) ... e e e et e et 719
Knobbed Whelk (KWH). .. ..o e e et e e e e e 743
Leatherjacket (LEA) .. ..uini i e e e a e 747
D5 1T 11 T PP 757
LooKdown dory (LDO)..... .ttt ettt et e et e e e et e e et 799
Orange roughy (ORH)
ORH INtOQUCLION. . ... cee e e e e e e e e 811
ORH L. e 827
ORH 2A72B/3A . oo e e 835
O RH BB ettt 859
ORH T A . e 899
ORH 7B ..t e 913
(020 1 2 923
Oreos (OEO)
OEO INtrodUCHION. ....outtt et 931
OO B A e 947
O O 4. e 961
OEO 1and 6..cniniiii e 975
Paddle crabs (PAD). ... .uni e e 997
Parore (PAR) . ... e 1005
Paua (PAU)
Paua INtrodUuCtion. ........uuie i e 1009
P AU 1021
P AU 3 e 1031
P AU o e 1047
P AU S A 1053
P AU OB e 1071
P AU 5D ettt e e 1087
P AU T e e 1103
a1 o ¢« 0 T PSP 1119
Pipis (PPI)
PPI 1 1127
PPI 1A 1135
Porae (POR) 1143
Prawn killer (PRK) 1147
Queen scallops (QSC) 1151

Redbait (RBT) 1155






HOKI (HOK)

HOKI (HOK)

(Macruronus novaezelandiae)
Hoki

1. FISHERY SUMMARY

11 Commercial fisheries

Historically, the main fishery for hoki operated from mid-July to late August off the west coast of the
South Island (WCSI) where hoki aggregate to spawn. The spawning aggregations begin to concentrate
in depths of 300-700 m around the Hokitika Canyon from late June, and further north off Westport
later in the season. Fishing in these areas continues into September in some years. Starting in 1988,
another major fishery developed in Cook Strait, where separate spawning aggregations of hoki occur.
The spawning season in Cook Strait runs from late June to mid-September, peaking in July and August.
Small catches of spawning hoki are taken from other spawning grounds off the east coast South Island
(ECSI) and late in the season at Puysegur Bank.

Outside the spawning season, when hoki disperse to their feeding grounds, substantial fisheries have
developed since the early 1990s on the Chatham Rise and in the Sub-Antarctic (Figure 1). These
fisheries usually operate in depths of 300-800 m. The Chatham Rise fishery generally has similar
catches over all months except in July-September, when catches are lower due to the fishery moving
to the spawning grounds. In the Sub-Antarctic, catches have typically peaked in April-June. Out-of-
season catches are also taken from Cook Strait and the east coast of the North Island, but these are
small by comparison.

The hoki fishery was developed by Japanese and Soviet vessels in the early 1970s. Catches peaked at
100 000t in 1977, but dropped to less than 20 000 t in 1978 when the EEZ was declared and quota
limits were introduced (Table 1). From 1979 on, the hoki catch increased to about 50 000 t until an
increase in the TACC from 1986 to 1990 saw the fishery expand to a maximum catch in 1987-88 of
about 255 000 t (Table 2).

From 1986 to 1990, surimi vessels dominated the catches and took about 60% of the annual WCSI
catch. However, after 1991, the surimi component of catches decreased and processing to head and
gut, or to fillet product increased, as did “fresher” catch for shore processing. The hoki fishery now
operates throughout the year, producing high quality fillet product from both spawning and non-
spawning fisheries. No surimi has been produced from hoki since 2002. Since 1998 twin-trawl rigs

have operated in some hoki fisheries, and trawls made of spectra twine (a high strength twine with
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reduced diameter resulting in reduced drag and improved fuel efficiencies) were introduced to some
vessels in 2007-08.

35° A

Western stock Eastern stock

40° \l

WCS|

spawning
45° - Spawning
migration
Mature
migration
Sub-Antarctic
50°S - western home
T T T T T T
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Figure 1: Hoki juvenile nurseries, spawning grounds, and migration routes for the eastern and western stocks.

Between 2012-13 and 2017, Precision Seafood Harvest (PSH) technology was tested in the hoki
fishery. This included a prototype trawl system called a Modular Harvest System (MHS) that aimed to
target specific species and fish size, as well as enabling fish to be landed in much better condition than
traditional trawls. Approval to use MHS gear in the hoki, hake, and ling fisheries was granted in 2018.
During the 2017-18 fishing year, seven vessels used the gear to target hoki and caught 9595 t (7% of
the total hoki catch). In 2018-19, the MHS hoki catch increased to 17 100 t (14% of the total catch),
taken by eight vessels.

Annual catches ranged between 175 000 t and 215 000 t from 1988-89 to 1995-96, increasing to 246 000 t
in 1996-97, and peaking at 269 000 t in 1997-98, when the TACC was over-caught by 19 000 t. Catches
declined, tracking the TACC as it was reduced to address poor stock status, reaching a low of 89 000 t in
2008-09, then increasing again up to 161 500 t in 2014-15 following increases in the TACC as stock status
improved (Table 2). The TACC was reduced to 150 000 t in 2015-16, and catches in the past four years
were below this level (Table 2). The annual catch in 2018-19 was 122 400 t.

The pattern of fishing has changed markedly since 1988-89 when over 90% of the total catch was
taken in the WCSI spawning fishery. This has been due to a combination of TAC changes and
redistribution of fishing effort. The WCSI fishery accounted for about 38% of the total hoki catch in
2018-19 and has been the largest hoki fishery in New Zealand since 2010-11 (Table 3). Cook Strait
catches peaked at 67 000 t in 1995-96, but have been relatively stable in the range from 15 000t to
20 000 t in the past 12 years. The Chatham Rise was the largest hoki fishery from 2006-07 to 2009-
10 and has been the second largest since then, and contributed about 33% of the total catch in 2018-
19. Catches from the Sub-Antarctic peaked at over 30 000 t from 1999-2000 to 2001-02, but have
been variable since, ranging between 6000t and 20 000 t over the past 12 years (Table 3). Catches
from other areas remained at relatively low levels (Table 3).
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Table 1: Reported trawl catches (t) from 1969 to 1987-88, 1969-83 by calendar year, 1983-84 to 1987-88 by fishing
year (Oct-Sept). Source - FSU data.

New Zealand
Year USSR Japan  South Korea Domestic ~ Chartered Total
1969 - 95 - - - 95
1970 - 414 - - - 414
1971 - 411 - - - 411
1972 7300 1636 - - - 8936
1973 3900 4758 - - - 8658
1974 13 700 2160 - 125 - 15985
1975 36 300 4748 - 62 - 41110
1976 41 800 24830 - 142 - 66 772
1977 33500 54 168 9 865 217 - 97 750
1978* 12028 1296 4580 678 - 8581
1979 4007 8550 1178 2395 7970 24100
1980 2516 6 554 - 2658 16 042 27770
1981 2718 9141 2 5284 15 657 32802
1982 2251 7591 - 6982 15192 32018
1983 3853 7748 137 7706 20 697 40 141
1983-84 4520 7897 93 9229 28 668 50 407
1984-85 1547 6807 35 7213 28068 43670
1985-86 4056 6413 499 8280 80 375 99 623
1986-87 1845 4107 6 8091 153 222 167 271
1987-88 2412 4159 10 7078 216 680 230 339

*  Catches for foreign licensed and New Zealand chartered vessels from 1978 to 1984 are based on estimated catches from vessel logbooks.
Few data are available for the first 3 months of 1978 because these vessels did not begin completing these logbooks until 1 April 1978.

T Soviet hoki catches are taken from the estimated catch records and differ from official MAF statistics. Estimated catches are used because
of the large amount of hoki converted to meal and not recorded as processed fish.

Table 2: Reported catch (t) from QMS, estimated catch (t) data, and TACC (t) for HOK 1 from 1986-87 to 2018-19.
Reported catches are from the QMR and MHR systems. Estimated catches include TCEPR and CELR data
(from 1989-90), LCER data (from 2003-04), NCELR data (from 2006-07), TCER and LTCER data (from
2007-08), and ERS-trawl data (from 2017-18). Catches are rounded to the nearest 500 t.

Year Reported catch Estimated catch TACC
1986-87 158 000 175 000 250 000
1987-88 216 000 255 000 250 000
1988-89 182 500 210 000 250 000
1989-90 210 000 210 000 251884
1990-91 215 000 215 000 201 897
1991-92 215000 215 000 201 897
1992-93 195 000 195 000 202 156
1993-94 191 000 190 000 202 156
1994-95 174 000 168 000 220350
1995-96 210 000 194 000 240 000
1996-97 246 000 230 000 250 000
1997-98 269 000 261 000 250 000
1998-99 244 500 234000 250 000
1999-00 242 500 237 000 250 000
2000-01 230 000 224500 250 000
2001-02 195 500 195 500 200 000
2002-03 184 500 180 000 200 000
2003-04 136 000 133 000 180 000
2004-05 104 500 102 000 100 000
2005-06 104 500 100 500 100 000
2006-07 101 000 97 500 100 000
2007-08 89 500 87500 90 000
2008-09 89 000 87500 90 000
2009-10 107 000 105 000 110 000
2010-11 118 500 116 000 120 000
2011-12 130 000 126 000 130 000
2012-13 131 500 128 000 130 000
2013-14 146 500 144 000 150 000
2014-15 161 500 156 500 160 000
2015-16 136 500 136 000 150 000
2016-17 141 500 138 500 150 000
2017-18 135 000 131 500 150 000
2018-19 122 500 117 000 150 000

Note:  Discrepancies between QMS data and actual catches from 1986 to 1990 arose from incorrect surimi conversion factors. The estimated
catch in those years has been corrected from conversion factors measured each year by Scientific Observers on the WCSI fishery.
Since 1990 the new conversion factor of 5.8 has been used, and the total catch reported to the QMS is considered to be more
representative of the true level of catch.
In 2018-19 20 000 t of western ACE was voluntarily shelved by the fishing industry so the effective TACC was 130 000 t.
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Table 3: Estimated total catch (t) (scaled to reported QMR or MHR) of hoki by area 1988-89 to 2018-19 and based on
data reported on TCEPR, ERS-trawl, and CELR forms from 1988-89, but also including data reported on
LCER (from 2003-04), NCELR (from 2006-07), TCER and LTCER (both from 2007-08) forms, and ERS-
trawl (from 2017-18). Catches from 1988-89 to 1997-98 are rounded to the nearest 500 t and catches from
1998-99 to 2018-19 are rounded to the nearest 100 t. Catches less than 100 t are shown by a dash. Alternative
estimated total catches based on logbook data only are given in Table 3a for 1988-89 to 1997-98. Unrep. is
catch with no location information.

Spawning fisheries Non-spawning fisheries Total
Fishing Cook Sub- Chatham
Year WCSI  Puysegur Strait ECSI Antarctic and ECSI ECNI  Unrep. Catch
1988-89 188 000 3500 7000 - 5000 5000 - - 208 500
1989-90 165 000 8 000 14 000 - 10 000 13 000 - - 210 000
1990-91 154 000 4000 26500 1000 18 000 11500 - - 215 000
1991-92 105 000 5000 25 000 500 34000 45 500 - - 215 000
1992-93 98 000 2000 21 000 - 26 000 43 000 2000 3000 195 000
1993-94 113 000 2000 37 000 - 12 000 24000 2000 1000 191 000
1994-95 80 000 1000 40 000 - 13 000 39 000 1000 - 174 000
1995-96 73 000 3000 67000 1000 12 000 49 000 3000 2000 210 000
1996-97 91 000 5000 61000 1500 25000 56 500 5000 1000 246 000
1997-98 107 000 2000 53000 1000 24000 75 000 4000 3000 269 000
1998-99 90 100 3000 46500 2100 24 300 75 600 2 600 - 244 500
1999-00 101 100 2900 43200 2400 34200 56 500 1400 500 242 400
2000-01 100 600 6 900 36600 2400 30 400 50 500 2100 100 229 900
2001-02 91 200 5400 24200 2900 30500 39 600 1200 - 195 500
2002-03 73900 6 000 36700 7100 20 100 39 200 900 - 184 700
2003-04 45 200 1200 40900 2100 11700 33600 900 - 135800
2004-05 33100 5500 24800 3300 6 200 30 700 500 100 104 400
2005-06 38900 1500 21 800 700 6 700 34100 700 - 104 400
2006-07 33100 400 20100 1000 7700 37 900 700 - 101 000
2007-08 21 000 300 18400 2300 8700 38 000 600 - 89 300
2008-09 20 600 200 17500 1100 9800 39 000 600 - 88 800
2009-10 36 300 300 17 900 700 12 300 39 100 600 - 107 200
2010-11 48 300 1200 14900 1600 12 600 38 400 1600 - 118 700
2011-12 54 000 1300 15900 2500 15700 39 000 900 - 130 100
2012-13 56 200 1000 19 400 3300 14100 36 500 1100 - 131 600
2013-14 69 400 800 18 400 2800 19900 33800 1300 - 146 300
2014-15 78 700 1900 20 100 3600 16 400 40 100 800 - 161 500
2015-16 68 900 1100 18 400 4100 6 600 36 700 900 - 136 700
2016-17 66 000 1200 16 100 4 400 13200 39900 800 - 141 600
2017-18 55 500 1100 21 500 3600 15 400 37 200 1100 - 135 400
2018-19 46 400 1300 20 500 3700 9000 40 400 1200 - 122 400

Table 3a: Alternative estimated total catch (t) (scaled to reported QMR) by area for 1989-90 to 1997-98 based on data
reported on TCEPR and CELR forms. Catches from 1988-89 to 1997-98 are rounded to the nearest 100 t.

Spawning fisheries Non-spawning fisheries
Chatham
Fishing Sub Rise Un- Total
Year WCSI  Puysegur Strait ECSI Antarctic and ECSI  ECNI  reported Catch
1989-90 160 400 7400 14 700 300 11 800 13 200 900 200 210 000
1990-91 129 200 4900 29200 1300 16 800 30 100 900 200 215000
1991-92 101 500 4900 24900 900 30 700 48200 1100 100 215000
1992-93 96 600 2 200 22200 300 24900 44200 1400 100 195000
1993-94 115900 2400 37 300 500 11 600 22700 1800 200 191 000
1994-95 80 400 1100 40 500 200 13400 38800 2300 200 174000
1995-96 72900 2400 67600 1000 13100 49000 2800 900 210000
1996-97 91 400 5900 65 000 1600 21 800 55 800 4600 600 246 000
1997-98 106 300 2200 51900 1600 25100 77200 4700 400 269 000

From 1999-00 to 200102, there was a redistribution in catch from eastern stock areas (Chatham Rise,
ECSI, ECNI, and Cook Strait) to western stock areas (WCSI, Puysegur, and Sub-Antarctic) (Table 4).
This was initially due to industry initiatives to reduce the catch of small fish in the area of the Mernoo
Bank, but from 1 October 2001 was part of an informal agreement with the Minister responsible for
fisheries that 65% of the catch should be taken from the western fisheries to reduce pressure on the
eastern stock. This arrangement ended following the 2003 hoki assessment in 2002—03, which indicated
that the eastern hoki stock was less depleted than the western stock and effort was shifted back into
eastern areas, particularly Cook Strait. From 2004-05 to 2006-07 there was an agreement with the
Minister that only 40% of the catch should be taken from western fisheries and from 1 October 2007
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the voluntary catch limit for the western fishing grounds was further reduced to 25 000 t within the
overall TACC of 90 000 t. This voluntary catch limit was exceeded in both 2007-08 and 2008-09, with
about 30 000 t taken from western areas (Table 3). In 2009-10, the voluntary catch limit from the
western fishing grounds was increased to 50 000 t within the overall TACC of 110 000 t, and catches
were at about these levels. Since then the voluntary catch limit for the eastern stock has remained at
60 000 t, and the voluntary western catch limit has further increased with changes in the overall TACC,
up to a maximum of 100 000 t in 2014-15 (within the overall TACC 160 000 t). The voluntary western
catch limit from 2015-16 to 2018-19 was 90 000 t, but 20 000 t of western ACE was shelved by the
fishing industry in 2018-19. The split between eastern and western catches has been within 2000 t of
the management targets since 2011-12, except in 2014-15 and 2018-19 when the eastern catch was
4600 t and 5700 t over the target respectively, and in 2015-16, 2016-17, 2017-18, and 2018-19 when
the western catches were lower than the targets. Figure 2 shows the reported landings and TACC for
HOK 1, and also the eastern and western catch components of this stock since 1988-89.

300000 4 HOK1 Landings [ ] TAcc —

250000 1

200000 J_U ﬁt

150000

e ﬁ

50000 A

Landing weight (t)

T I T T T T T
1988-89 1993-94 1998-99 2003-04 2008-09 2013-14 2018-19
Fishing Year

Figure 2a: Reported commercial landings and TACCs for HOK 1 since 1986-87. Note that this graph does not show
data prior to entry into the QMS.
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Figure 2b: The eastern and western components of the total HOK 1 landings since 1988-89. Note that these figures do
not show data prior to entry into the QMS.
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Table 4: Proportions of total catch for different fisheries.

Spawning fisheries Non-spawning fisheries
Fishing
Year West East West East
1988-89 92% 3% 2% 3%
1989-90 82% 7% 5% 6%
1990-91 74% 13% 8% 5%
1991-92 51% 12% 16% 21%
1992-93 51% 11% 14% 24%
1993-94 60% 19% 7% 14%
1994-95 47% 23% 7% 23%
1995-96 36% 33% 6% 25%
1996-97 39% 26% 10% 25%
1997-98 41% 20% 9% 30%
1998-99 38% 20% 10% 32%
1999-00 43% 19% 14% 24%
2000-01 47% 15% 13% 24%
2001-02 50% 13% 15% 22%
2002-03 43% 23% 11% 23%
2003-04 34% 30% 9% 27%
2004-05 3% 25% 6% 32%
2005-06 39% 20% 6% 35%
2006-07 33% 19% 8% 40%
2007-08 24% 20% 10% 46%
2008-09 23% 18% 11% 48%
2009-10 34% 15% 11% 39%
2010-11 42% 11% 11% 36%
2011-12 43% 12% 12% 33%
2012-13 43% 14% 11% 32%
2013-14 48% 12% 14% 27%
2014-15 50% 12% 10% 28%
2015-16 51% 14% 5% 30%
2016-17 47% 12% 9% 31%
2017-18 42% 16% 11% 31%
2018-19 39% 20% 7% 34%

Total Allowable Commercial Catch (TACC) and area restrictions

In the 2018-19 fishing year, the TACC for HOK 1 was 150 000 t. This TACC applied to all areas of
the EEZ (except the Kermadec FMA which had a TACC of 10t). With the allowance for other
mortality at 1500 t and 20 t allowances for customary and recreational catch, the 2018-19 TAC was
151 540 t. However, 20 000 of western ACE was voluntarily shelved by the fishing industry (along with
any HOK 1W ACE carried forward from 2017-18), so the effective TACC in 2018-19 was 130 000 t,
with 70 000 t to be taken from western stock areas. From 1 October 2019 the TACC for HOK 1 was
reduced to 115 000 t, with a non-regulatory catch split arrangement of 60 000 t from eastern stock areas
and 55 000 t from western stock areas.

Vessels larger than 46 m in overall length may not fish inside the 12-n. mile Territorial Sea, and there
are other various vessel size restrictions around some parts of the coast. On the WCSI, a 25-n. mile
line closes much of the hoki spawning area in the Hokitika Canyon, and most of the area south to the
Cook Canyon, to vessels larger than 46 m overall length. In Cook Strait, the whole spawning area is
closed to vessels over 46 m overall length. In November 2007 the Government closed 17 Benthic
Protection Areas (BPAS) to bottom trawling and dredging, representing about 30% of the EEZ and
including depths that are outside the depth range of hoki.

The fishing industry introduced a Code of Practice (COP) for hoki target trawling in 2001 with the aim
of protecting small fish (less than 60 cm). The main components of this COP were: 1) a restriction on
fishing in waters shallower than 450 m; 2) a rule requiring vessels to ‘move on’ if there are more than
10% small hoki in the catch; and 3) seasonal and area closures in spawning fisheries. The COP was
superseded by Operational Procedures for Hoki Fisheries, also introduced by the fishing industry from
1 October 2009. The Operational Procedures aim to manage and monitor fishing effort within four
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industry Hoki Management areas, where there are thought to be high abundances of juvenile hoki
(Narrows Basin of Cook Strait, Canterbury Banks, Mernoo, and Puysegur). These areas are closed to
trawlers over 28 m targeting hoki, with increased monitoring when targeting species other than hoki.
There is also a general recommendation that vessels move from areas where catches of juvenile hoki
(now defined as less than 55 cm total length) comprise more than 20% of the hoki catch by number.

In 2018-19 there was agreement from industry to close certain fishing grounds to target fishing for
hoki to allow spawning to occur undisturbed at peak times (Operational Procedures version 18).
Seasonal spawning closures were:

e WCSI inside the 25 n. mile line: between 0000 h 18 July and 2400 h 24 July.

o \WCSI outside the 25 n. mile closure, shallower than 800 m, between Kahurangi Point in the north

and the boundary between FMAs 5 and 7 in the south: between 0000 h 25 July and 2400 h 31 July.
o Cook Strait: Entire fishery between 0000 h 1 August and 2400 h 7 August.
e Pegasus: between 0000 h 1 September and 2400 h 7 September.

2018-19 hoki fishery

The overall catch of 122 405 t was about 13 000 t lower than the catch in 2017-18, and about 7600 t
lower than the effective TACC of 130 000 t (Table 3). Relative to 2017-18, catches in 2018-19
decreased in western areas (WCSI and Sub-Antarctic) and increased on the Chatham Rise.

The WCSI catch decreased by 9100 t, to 46 400 t in 2019. Catches from inside the 25 n. mile line made
up 32% of the total WCSI catch in 2019, an increase in proportion from 2018, but still lower than the
peak of 41% of the catch taken from inside-the-line in 2004. The WCSI fishing season is now longer
— with fishing beginning in May (although most pre-June catch is from inside the 25 n. mile line) and
continuing into September. Most (69%) of the WCSI catch in 2019 was taken by midwater trawl. Twin
trawls accounted for about half of the bottom trawl catch and 16% of the WCSI catch overall.
Unstandardised catch rates decreased from 2018, with a median catch rate in all midwater tows
targeting hoki of 3.0 t per hour in 2019. The WCSI catch in 2019 was dominated by fish from 60 to
110 cm from the 2008-15 year classes (ages 4-11). Only 3% of hoki caught on the WCSI were less
than 65 cm. From 2000 to 2004, the sex ratio of the WCSI catch was highly skewed, with many more
females caught than males. In 2005 to 2011, as the catch of younger fish increased, the sex ratio
reversed with more males than females caught. The sex ratio of the WCSI catch was about even in
2019, with 55% females. The mean length-at-age for hoki off the WCSI increased from the start of the
fishery to the mid-2000s, but has since decreased.

The Chatham Rise fishery caught 40 383 t in 2018-19, an increase of 3200 t from 2017-18. Over 64%
of the 2018-19 Chatham Rise catch was taken in bottom trawls. There was an increase in catch from
twin trawls, with this method accounting for 61% of the bottom trawl catch in 2018-19. The median
unstandardised catch rate in bottom trawls targeting hoki was 1.2 t per hour. Most of the remaining
Chatham Rise catch was taken using MHS (treated as a separate method to bottom trawls), with less
than 1% of the catch taken by midwater trawl. Most of the catch was taken from October 2018 to
August 2019, with an unusual peak in catches in late July to early August 2019, which coincided with
the spawning fishery area closures. The length frequency distributions for both male and female hoki
had modes at 50-80 cm, corresponding to fish from the 2012-15 year classes. In 2018-19 about 47%
of the Chatham Rise catch by number was less than 65 cm.

The catch from Cook Strait in 2019 was 20 496 t, a decrease of 980 t from that in 2018. Peak catches
were from mid-July to mid-September. Most catch (90%) is taken by midwater trawls. Unstandardised
catch rates in Cook Strait continued to be high — although the median catch rate in midwater tows
targeting hoki decreased from 21.7 t in 2018 to 9.5 t per hour in 2019. A broad size range of hoki was
caught in 2019, with the main modes at ages 4-11 (2009 to 2015 year classes) for females, and ages 3—
5 (2014-16 year classes) for males. About 23% of the Cook Strait catch was of fish less than 65 cm. As
off the WCSI, the mean length at age in the Cook Strait fishery increased until the mid-2000s and has
subsequently declined.

The catch from the Sub-Antarctic decreased by 6400 t from 2017-18 to 9044 t in 2018-19. Most catch
(95%) was taken in bottom trawls, of which 44% was from twin trawls. MHS contributed only 4% of
the catch. The median unstandardised catch rate in bottom trawls targeting hoki was similar to that on
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the Chatham Rise, at 1.2 t per hour in 2018-19. The observed catch had a mode at 60-65 cm, made up
of fish from the 2015 year class, with a broad tail of larger fish of ages 4-12. About 50% of the Sub-
Antarctic catch was of fish less than 65 cm.

Catches from ECSI, Puysegur, and ECNI in 2018-19 were similar to those in 2017-18, with catches
of 3670 t, 1200 t, and 1180 t respectively.

1.2 Recreational fisheries
Recreational fishing for hoki is negligible.

13 Customary non-commercial fisheries
The level of this fishery is believed to be negligible.

14 Illegal catch
No information is available about illegal catch, but it is believed to be negligible.

15 Other sources of fishing mortality

There are a number of potential sources of additional fishing mortality in the hoki fishery. In the years
just prior to the introduction of the EEZ, when large catches were first reported, and following the
increases of the TACC in the mid-1980s, it is likely that high catch rates from the west coast South
Island spawning fishery resulted in burst bags, loss of catch, and some mortality. Although burst bags
were recorded by some scientific observers, the extent of fish loss has not been estimated, however,
the occurrence was at a sufficient level to result in the introduction of a code of practice to minimise
losses in this way. Based on observer records from the period 2000-01 to 2006-07, Ballara et al (2010)
and Anderson et al (2019) noted that fish lost from the net during landing accounted for only a small
fraction (0-14.5%) of the non-retained catch each year in the hoki, hake, and ling fishery.

o The use of escape panels or windows part way along the net that was developed to avoid burst
bags may also in itself result in some mortality of fish that pass through the window. The
extent of these occurrences and the historical and current use of such panels/windows have not
been quantified.

o The development of the fishery on younger hoki (2 years and over) on the Chatham Rise from
the mid-1990s and the prevalence of small hoki in catches on the WCSI in some years may
have resulted in some unreported mortality of small fish.

o Overseas studies indicate that large proportions of small fish can escape through trawl meshes
during commercial fishing and that the mortality of escapees can be high, particularly among
species with deciduous scales (scales that shed easily) such as hoki. Selectivity experiments in
the 1970s indicated that the 50% selection length for hoki for a 100 mm mesh cod-end is about
57-65 cm total length (Fisher 1978, as reported by Massey & Hore 1987). Research using a
twin-rig trawler in June 2007 estimated that the 50% selection length was somewhat lower at
41.5 cm with a selection range (length range between 25% and 75% retention) of 14.3 cm
(Haist et al 2007). Applying the estimated retention curve to scaled length frequency data for
the Chatham Rise fishery suggested that annually between 47 t (in 1997-98) and 4287 t (in
1995-96) of hoki may have escaped commercial fishing gear. More recent research comparing
the selectivity of 100 mm and MHS cod-ends in June 2017 suggested similar mean 50%
selection lengths of about 48—49 cm for both gears, but with the MHS gear having a narrower
selection range (11.7 cm compared with 14.8 cm for a 100 mm cod-end) (O’ Driscoll & Millar
2017). Net-damaged adult hoki have been recorded in the WCSI fishery in some years
indicating that there may be some survival of escapees. The extent of damage and resulting
mortality of fish passing through the net is unknown.

These sources of additional fishing mortality are not incorporated in the current stock assessment.
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2. BIOLOGY

Hoki are widely distributed throughout New Zealand waters from 34° S to 54° S, from depths of 10 m
to over 900 m, with greatest abundance between 200 m and 600 m. Large adult hoki are generally
found deeper than 400 m, whereas juveniles are more abundant in shallower water. In the January 2003
Chatham Rise trawl survey, exploratory tows with midwater gear over a hill complex east of the survey
area found low density concentrations of hoki in midwater at 650 m over depths of 900 m or greater
(Livingston et al 2004). The proportion of larger hoki outside the survey grounds is unknown. Commercial
data also indicate that larger hoki have been targeted over other hill complexes outside the survey areas of
both the Chatham Rise and Sub-Antarctic (Dunn & Livingston 2004), and have also been caught as a
bycatch by tuna fishers over very deep water (Bull & Livingston 2000).

The two main spawning grounds on the WCSI and in Cook Strait (Figure 1) are considered to comprise
fish from separate stocks, based on the geographical separation of these spawning grounds and a
number of other factors (see section 3 “Stocks and areas” below).

Hoki migrate to spawning grounds in Cook Strait, WCSI, Puysegur, and ECSI areas in the winter
months. Throughout the rest of the year the adults are dispersed around the edge of the Stewart-Snares
shelf, over large areas of the Sub-Antarctic and Chatham Rise, and to a lesser extent around the North
Island. Juvenile fish (2-4 y) are found on the Chatham Rise throughout the year.

Hoki spawn from late June to mid-September, releasing multiple batches of eggs. In recent years,
spawning has occurred in early June on the WCSI. They have moderately high fecundity with a female
of 90 cm TL spawning over 1 million eggs in a season (Schofield & Livingston 1998). Not all hoki
within the adult size range spawn in a given year. Winter surveys of both the Chatham Rise and Sub-
Antarctic have found significant numbers of large hoki with no gonad development, at times when
spawning is occurring in other areas. Histological studies of female hoki from the Sub-Antarctic in
May 1992 and 1993 estimated that 67% of hoki aged 7 years and older on the Sub-Antarctic would
spawn in winter 1992, and 82% in winter 1993 (Livingston et al 1997). A similar study repeated in
April 1998 found that a much lower proportion (40%) of fish aged 7 and older was developing to
spawn (Livingston & Bull 2000). Reanalysis of the 1998 data has shown that there is a correlation
between stratum and oocyte development (Francis 2009). A method, developed to estimate proportion
spawning from summer samples of post-spawner hoki in the Sub-Antarctic, indicated that
approximately 85% of the hoki aged 4 years and older from 2003-2004 had spawned (Grimes &
O’Driscoll 2006, Parker et al 2009).

The main spawning grounds are centred on the Hokitika Canyon off the WCSI and in Cook Strait
Canyon. The planktonic eggs and larvae move inshore by advection or upwelling (Murdoch 1990,
Murdoch 1992) and are widely dispersed north and south with the result that 0+ and 1-year-old fish
can be found in most coastal areas off the South Island and parts of the North Island. The major nursery
ground for juvenile hoki aged 2—4 years is along the Chatham Rise, in depths of 200 to 600 m. The
older fish disperse to deeper water and are widely distributed in both the Sub-Antarctic and Chatham
Rise. Analyses of trawl survey (1991-2002) and commercial data suggest that a significant proportion
of hoki move from the Chatham Rise to the Sub-Antarctic as they approach maturity, with most
movement between ages 3 and 7 years (Bull & Livingston 2000, Livingston et al 2002). Based on a
comparison of RV Tangaroa trawl survey data, on a proportional basis (assuming equal catchability
between areas), 80% or more of hoki aged 1-2 years occur on the Chatham Rise. Between ages 3 and 7,
this drops to 60-80%. By age 8, 35% or fewer fish are found on the Chatham Rise compared with 65% or
more in the Sub-Antarctic. A study of the observed sex ratios of hoki in the two spawning and two non-
spawning fisheries found that in all areas, the proportion of male hoki declines with age (Livingston et
al 2000). There is little information at present to determine the season of movement, the exact route
followed, or the length of time required, for fish to move from the Chatham Rise to the Sub-Antarctic.
Bycatch of hoki from tuna vessels following tuna migrations from the Sub-Antarctic showed a northward
shift in the incidence of hoki towards the WCSI in May-June (Bull & Livingston 2000). The capture of
net-damaged fish on Pukaki Rise following the WCSI spawning season where there had been intense
fishing effort in 1989 also provides circumstantial evidence that hoki migrate from the WCSI back to the
Sub-Antarctic post-spawning (Jones 1993).
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Growth is fairly rapid with juveniles reaching about 27-35 cm TL at the end of the first year. There is
evidence for changing growth rates over time. In the past, hoki reached about 45, 55, and 60—-65 cm TL
at ages 2, 3, and 4 respectively, but in the mid-2000s length modes were centred at 50, 60, and
70 cm TL for ages 2, 3, and 4. Recently growth has slowed and is intermediate between these two
levels. Although smaller spawning fish are taken on the spawning grounds, males appear to mature
mainly from 60-65 cm TL at 3-5 years, whereas females mature at 65-70 cm TL. From the age of
maturity the growth of males and females differs. Males grow up to about 115 cm TL, whereas females
grow to a maximum of 130 cm TL and up to 7 kg weight. Horn & Sullivan (1996) estimated growth
parameters for the two stocks separately (Table 5). Fish from the eastern stock sampled in Cook Strait
are smaller on average at all ages than fish from the WCSI. Maximum age is from 20-25 years, and
the instantaneous rate of natural mortality in adults is about 0.25 to 0.30 per year.

Ageing error may cause problems in the estimation of year class strength. For example, the 1989 year
class appeared as an important component in the catch at age data at older ages, yet this year class is
believed to have been extremely weak in comparison with the preceding 1988 and 1987 year classes.
An improved ageing protocol was developed to increase the consistency of hoki age estimation and
this has been applied to the survey data from 2000 onwards and to catch samples from 2001 (Francis
2001). Data from earlier samples, however, are still based on the original ageing methodology.

Estimates of biological parameters relevant to stock assessment are shown in Table 5 (but note that
natural mortality was estimated in the model in the assessment).

Table 5: Estimates of fixed biological parameters.

Fishstock Estimate Source
1. Natural mortality (M)

Females Males
HOK 1 0.25 0.30  Sullivan & Coombs (1989)

2. Weight = a (length)R (Weight in g, length in cm total length)

Both stocks

a b
HOK 1 0.00479 2.89 Francis (2003)
3. von Bertalanffy growth parameters
Females Males
K to Lo K to Lo
HOK 1 (Western Stock) 0.213 -0.60 104.0 0.261 -0.50 92.6
HOK 1 (Eastern Stock) 0.161 -2.18 101.8 0.232 -1.23 89.5

3. STOCKS AND AREAS

Morphometric and ageing studies have found consistent differences between adult hoki taken from the
two main dispersed areas (Chatham Rise and Sub-Antarctic), and from the two main spawning grounds
in Cook Strait and WCSI (Livingston et al 1992, Livingston & Schofield 1996b, Horn & Sullivan
1996). These differences clearly demonstrate that there are two sub-populations of hoki. Whether or
not they reflect genetic differences between the two sub-populations, or they are just the result of
environmental differences between the Chatham Rise and Sub-Antarctic, is not known. No genetic
differences have been detected with selectively neutral markers (Smith et al 1981, 1996) but a low
exchange rate between stocks could reduce genetic differentiation.

Two pilot studies appeared to provide support for the hypothesis of spawning stock fidelity for the
Cook Strait and WCSI spawning areas. Smith et al (2001) found significant differences in gill raker
counts, and Hicks & Gilbert (2002) found significant differences in measurements of otolith rings,
between samples of 3-year-old hoki from the 1997 year class caught off the WCSI and in Cook Strait.
However, when additional year classes were sampled, differences were not always detected (Hicks et
al 2003). It appears that there are differences in the mean number of gill rakers and otolith
measurements between stocks, but, due to high variation, large sample sizes would be needed to detect
these (Hicks et al 2003). Francis et al (2011) carried out a pilot study to determine whether analyses
of stable isotopes and trace elements in otoliths could be useful in testing stock structure hypotheses
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and the question of natal fidelity. However, none of the six trace elements or two stable isotopes
considered unambiguously differentiated the two stocks.

The DWWG has assessed the two spawning groups as separate stock units. The west coast of the North
Island and South Island and the area south of New Zealand including Puysegur, Stewart-Snares shelf,
and the Sub-Antarctic has been taken as one stock unit (the "western stock™). The area of the ECSI,
Mernoo Bank, Chatham Rise, Cook Strait, and the ECNI up to North Cape has been taken as the other
stock unit (the "eastern stock™).

4. CLIMATE AND RECRUITMENT

Annual variations in hoki recruitment have considerable impact on this fishery and a better
understanding of the influence of climate on recruitment patterns would be very useful for the future
projection of stock size. However, any link between climate, oceanographic conditions, and
recruitment is still unknown. Analyses by Francis et al. (2006) do not support the conclusions of Bull
& Livingston (2001) that model estimates of recruitment to the western stock are strongly correlated
with the southern oscillation index (SOI). Francis et al. (2006) noted that there is a correlation of -0.70
between the autumn SOI and annual estimates of recruitment (1+ and 2+ fish) from the Chatham Rise
trawl survey but found this hard to interpret because the survey is an index of the combined recruitment
to both the eastern and western stocks. A more recent analysis supports some climate effect on hoki
recruitment but remains equivocal about its strength or form (Dunn et al. 2009b). Bradford-Grieve &
Livingston (2011) collated and reviewed information on the ocean environment off the WCSI in
relation to hoki and other spawning fisheries. Hypotheses about which variables drive hoki recruitment
were presented, but the authors noted that understanding of the underlying mechanisms and causal
links between the WCSI marine environment and hoki year class survival remain elusive.

A baseline report summarising trends in climatic and oceanographic conditions in New Zealand that are
of potential relevance for fisheries and marine ecosystem resource management in the New Zealand
region has been completed (Hurst et al. 2012). There is also an updated chapter on oceanic trends in the
Aguatic Environment & Biodiversity Annual Review 2018 (Fisheries New Zealand 2019). Any effects
of recent warmer temperatures (e.g., such as the high surface temperatures on the WCSI during the
2016 and 2017 spawning seasons, marine heatwaves and general warming of the Tasman Sea (Sutton
& Bowen 2019) on fish distribution, growth, or spawning success have yet to be determined.

A recent project has just reached completion that describes the state of knowledge of climate change-
associated predictions for components of New Zealand’s marine environment that are most relevant to
fisheries (Cumming et al in press). Past and future projected changes in coastal and ocean properties,
including temperature, salinity, stratification and water masses, circulation, oxygen, ocean productivity,
detrital flux, ocean acidification, coastal erosion and sediment loading, and wind and waves are
reviewed. Responses to climate change for these coastal and ocean properties are discussed, as well as
their likely impact on the fisheries sector, where known.

A range of decision support tools in use overseas were evaluated with respect to their applicability for
dissemination of the state of knowledge on climate change and fisheries. Three species, for which there
was a relatively large amount of information available, were chosen from the main fisheries sectors
for further analysis. These were paua, snapper, and hoki (shellfish, inshore, and middle-
depths/deepwater fisheries, respectively). Evaluations of each species’ sensitivity and exposure to
climate change-associated threats, based on currently available published literature and expert opinion,
assessed hoki vulnerability to climate change effects as ‘low” (Cummings et al in press).

S. ENVIRONMENTAL AND ECOSYSTEM CONSIDERATIONS

This section was last fully reviewed by the Aquatic Environment Working Group for the May 2012
Fisheries Assessment Plenary. However, the tables have been updated annually with more recent data,
where available, and minor corrections made to reflect the updates. This summary is from the

perspective of the hoki fishery; a more comprehensive review from an issue-by-issue perspective is
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available in the 2019 Aquatic Environment and Biodiversity Annual Review (Fisheries New Zealand
2020).

51 Role in the ecosystem

Hoki is the species with the highest biomass in the bottom fish community of the upper slope (200-
800 m), particularly around the South Island (Francis et al. 2002), and is considered to be a key
biological component of the upper slope ecosystem. Understanding the predator-prey relationships
between hoki and other species in the slope community is important, particularly because substantial
changes in the biomass of hoki have taken place since the fishery began (Horn & Dunn 2010). Other
metrics such as ecosystem indicators may also provide insight into fishery interactions with target and
non-target fish populations (e.g., Tuck et al 2014). For example, changes in growth rate can be
indicative of density-dependent compensatory mechanisms in response to changes in population
density.

5.1.1 Trophic interactions

On the Chatham Rise, hoki is a benthopelagic and mesopelagic forager preying primarily on lantern
fishes and other midwater fishes and natant decapods with little seasonal variation (Clark 1985a, b,
Dunn et al 2009a, Connell et al 2010, Stevens et al 2011). Hoki show ontogenetic shifts in their feeding
preferences. Larger hoki (over 80 cm) consume proportionately more fish and squid than smaller hoki
(Dunn et al 2009a, Connell et al 2010). The diet of hoki overlaps with those of alfonsino, arrow squid,
hake, javelin fish, Ray’s bream, and shovelnose dogfish (Dunn et al 2009a). Hoki are prey to several
piscivores, particularly hake but also stargazers, smooth skates, several deep water shark species, and
ling (Dunn et al 2009a). The proportion of hoki in the diet of hake averages 38% by weight and declined
from 1992 to 2008, possibly because of a decline in the relative abundance of hoki on the Chatham
Rise between 1991 and 2007 (Dunn & Horn 2010). There is little information about the size of hoki
eaten by predators (i.e., specifically whether the hoki are large enough to have recruited to the fishery
or not), but this could be an important factor in understanding the interaction with the fishery.

5.1.2 Ecosystem Indicators

Tuck et al (2009) used data from the Sub-Antarctic and Chatham Rise trawl survey series to derive
fish-based ecosystem indicators using diversity, fish size, and trophic level. Species-based indicators
appeared the most useful in identifying changes in the marine ecosystem correlated with fishing
intensity; Pielou’s evenness appears the most consistent, but the Shannon-Wiener index, species
richness, and Hill’s N1 and N2 also showed some promise (Tuck et al. 2009). Trends in diversity in
relation to fishing are not necessarily downward and depend on the nature of the community. Size-
based indicators did not appear as useful for New Zealand trawl survey series as they have been
overseas, and this may be related to the requirement to consider only measured species. In New
Zealand, routine measurement of all fish species in trawl surveys was implemented in 2008 and this
may increase the utility of size-based indicators in the future.

Between 1992 and 1999 the growth rates of all year classes of hoki increased by 10% in all four fishery
areas, but it is unclear whether this was a result of reduced competition for food within and among
cohorts or some other factor (Bull & Livingston 2000). The abundance of mesopelagic fish, a major
prey item for hoki, has the potential to be an indicator of food availability. Recent research using
acoustic backscatter data collected during trawl surveys has shown no clear temporal trend in
mesopelagic fish biomass on the Chatham Rise between 2001 and 2009, but a decline in the Sub-
Antarctic area from 2001 to 2007, followed by an increase in 2008 and 2009. The abundance of
mesopelagic fish is consistently much higher on the Chatham Rise than in the Sub-Antarctic, with
highest densities observed on the western Chatham Rise and lowest densities on the eastern Campbell
Plateau (O’Driscoll et al 2011a). Spatial patterns in mesopelagic fish abundance closely matched the
distribution of hoki. O’Driscoll et al (2011a) hypothesise that prey availability influences hoki
distribution, but that hoki abundance is being driven by other factors such as recruitment variability
and fishing. There was no evidence for a link between hoki condition and mesopelagic prey abundance
and there were no obvious correlations between mesopelagic fish abundance and environmental
indices.
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52 Bycatch (fish and invertebrates)
Hoki, hake, and ling made up 84%, 2%, and 3%, respectively, of the observed catch in target hoki
trawls between 2013-14 and 2017-18 (Table 6).

Table 6: Percentage of total observed catch weight of species taken in hoki target trawls for the 2013-14 to 2017-18
fishing years. Only species with an observed annual catch of over 20 t for any of the five years are listed. Data
were last updated in 2019 from the Centralised Observer Database (Anderson et al 2019). [Continued next

page]
Species 2013-14 2014-15 2015-16 2016-17 2017-18
Hoki 85.9 87.7 86.2 83.9 78.7
Ling 2.8 2.4 3.2 2.8 4.6
Hake 2.1 18 18 2.7 3.2
Javelinfish 1.3 14 1.8 2.2 2.9
Rattails 1.2 11 15 2.3 1.8
Spiny dogfish 11 0.8 0.7 1.2 1.3
Silver warehou 11 0.9 1 0.5 1.7
Black oreo 0.7 <0.1 0.1 0.4 0.1
Frostfish 0.5 0.6 0.7 0.3 0.6
White warehou 0.3 0.1 0.1 0.3 0.3
Pale ghost shark 0.3 0.2 0.2 0.3 0.4
Lookdown dory 0.2 0.2 0.2 0.2 0.2
Arrow squid 0.2 0.1 0.2 0.2 0.2
Gemfish 0.2 0.1 0.1 0.3 0.3
Ribaldo 0.2 0.1 0.1 0.1 0.2
Southern blue whiting 0.1 0.1 0.1 0.1 0.2
Sea perch 0.1 0.2 0.2 0.2 0.3
Baxter’s lantern dogfish 0.1 <0.1 0.1 0.1 0.1
Shovelnose dogfish 0.1 <0.1 0.2 0.1 0.2
Smooth skate 0.1 0.1 0.1 0.2 0.1
Stargazer 0.1 0.1 0.1 0.1 0.1
Ray’s bream 0.1 0.1 <0.1 <0.1 <0.1
Alfonsino 0.1 0.3 0.1 0.1 <0.1
Redbait 0.1 0.1 <0.1 0.1 0.1
Leafscale gulper shark 0.1 <0.1 0.1 <0.1 0.1
Long-nosed chimaera 0.1 <0.1 <0.1 <0.1 <0.1
Scabbardfish 0.1 <0.1 0.1 <0.1 0.1
Dark ghost shark <0.1 0.1 0.1 0.1 0.1
Smooth oreo <0.1 <0.1 <0.1 <0.1 <0.1
Conger eel <0.1 <0.1 <0.1 <0.1 <0.1
Seal shark <0.1 <0.1 <0.1 <0.1 <0.1
Silverside <0.1 <0.1 <0.1 0.1 0.1
Warty squid <0.1 <0.1 <0.1 <0.1 0.1
Banded bellowsfish <0.1 <0.1 <0.1 <0.1 0.1
Barracouta <0.1 0.3 <0.1 0.3 0.4
Swollenhead conger <0.1 <0.1 <0.1 <0.1 <0.1
Deepsea flathead <0.1 <0.1 <0.1 0.1 0.1
Silver roughy <0.1 <0.1 <0.1 <0.1 <0.1
Silver dory <0.1 <0.1 0.1 <0.1 <0.1
Northern spiny dogfish <0.1 <0.1 <0.1 <0.1 <0.1
Cardinalfish <0.1 <0.1 <0.1 <0.1 0.2
Jack mackerel <0.1 0.1 0.1 0.1 0.2
Common warehou <0.1 <0.1 <0.1 <0.1 0.2
Others 0.5 0.5 0.5 0.5 0.5

Hoki, hake, ling, silver warehou, and white warehou are frequently caught together, and traw! fisheries
targeting these species are, as of 2018, considered one combined trawl fishery. The total catch weight
of the main bycatch species caught in this combined fishery was estimated from a model which used
observer and fisher-reported data (Anderson et al 2019). Based on this model the total non-target fish
and invertebrate catch in the combined hoki, hake, ling, silver warehou, and white warehou fishery
fluctuated between 17 t and 49 000 t per year in the period between 1990-91 and 2016-17 (Anderson
et al 2019). Between 1 October 2002 and 30 September 2017, the five target species combined
accounted for 90.14% of the total estimated catch from all observed target trawls in this fishery
(Table 7). Hoki was the main catch species (73%), followed by hake (6.7%), ling (5.2%), silver
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warehou (3.9%), and white warehou (1.3%). The main non-target species caught in the combined
fishery off the west coast South Island, Chatham Rise, and Sub-Antarctic are rattails, javelinfish, and
spiny dogfish. In Cook Strait, the main non-target species caught is spiny dogfish. The hoki-hake-ling-
silver warehou-white warehou fishery is complex, and changes in fishing practice are likely to have
contributed to variability between years (Ballara & O’Driscoll 2015b).

Table 7: Modelled annual bycatch estimates (t) for main bycatch species in the combined hoki, hake, ling, silver
warehou, and white warehou trawl fishery from the 2012-13 to the 2016-17 fishing years, and percentage of
total observed catch for the target trawl fishery from 1 Oct 2002 to 30 Sep 2017, in decreasing order (Anderson

et al 2019).
Model-based estimates of total catch
Species 2012-13  2013-14 2014-15 2015-16 2016-17 [g’o%gfgge{g’ggfgfi’;
Combined target species (5 species) 148525 160402 178661 149150 156 636 90.14
Javelinfish 4807 4099 7443 7138 7483 1.87
Rattails (excl. Javelinfish) 5 656 3914 7068 6 067 7116 155
Spiny dogfish 1957 3841 3596 2114 3764 141
Arrow squid 563 604 1117 722 815 0.51
Barracuda 639 624 509 320 1290 0.47
Morid cods 615 1004 1161 711 806 0.42
Pale ghostshark 747 1084 1151 1298 923 0.32
Ribaldo 378 591 981 415 486 0.28
Sea perch 672 399 975 846 582 0.27
Dark ghostshark 418 477 581 842 560 0.24
Lookdown dory 551 555 833 681 664 0.23
Black oreo 673 1517 593 343 733 0.21
Southern blue whiting 28 232 175 135 143 0.17
Giant stargazer 283 314 619 371 327 0.16
Red cod 172 275 164 227 251 0.14
Shovelnose dogfish 274 338 211 346 217 0.13
Gemfish 164 236 173 281 689 0.12
Jack mackerel 21 14 62 45 29 0.08
Alfonsino 25 50 118 33 75 0.03
Orange roughy 8 8 9 11 6 0.02
Slickheads 6 13 14 11 13 0.01
53 Incidental capture of protected species (mammals, seabirds, and protected fish)

For protected species, capture estimates presented here include all animals recovered to the deck (alive,
injured, or dead) of fishing vessels but do not include any cryptic mortality (e.g., seabirds struck by a
warp but not brought on board the vessel, Middleton & Abraham 2007).

5.3.1 Marine mammal interactions

New Zealand fur seal

The New Zealand fur seal was classified in 2008 as “Least Concern” by the International Union for
Conservation of Nature (IUCN) and in 2010 as “Not Threatened” under the New Zealand Threat
Classification System (Baker et al 2019).

Vessels targeting hoki incidentally catch fur seals (Baird 2005b, Smith & Baird 2009, Thompson &
Abraham 2010a, Baird 2011, Abraham et al 2016, Abraham & Richard 2019). The lowest capture rates
have occurred in the most recent years (Table 8). Obse