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KINA (SUR)

Table 4: Fisheries New Zealand records of customary harvest of kina (reported as weight (kg) and numbers), since
1998-99. — no data. [Continued next page]

SUR 1A SUR 1B

Weight (kg) Numbers Weight (kg) Numbers

Fishing year ~Approved Harvested Approved Harvested Approved Harvested Approved Harvested
1998-99 - - - - - - - -
1999-00 - - - - - - - -
2000-01 - - - - - - - -
2001-02 - - - - - - - -
2002-03 - - - - - - - -
2003-04 - - - - - - 1200 750
2004-05 - - - - - - 400 210
2005-06 - - - - 1790 1040 - -
2006-07 850 850 7300 7300 12 055 9785 6 025 5475
2007-08 2890 2890 6900 6900 11225 9285 12 230 10 130
2008-09 3290 3290 1900 1900 11 540 8940 10524 9924
2009-10 1760 1760 1400 1400 11615 8995 9500 7750
2010-11 3570 3570 - - 26 582 20142 21890 19 050
2011-12 9575 8775 900 600 4990 2900 1450 1400
2012-13 9704 9210 2300 2170 4325 3460 400 400
2013-14 610 610 3900 3900 480 360 - -
2014-15 - - - - 16 495 15 265 2700 2150
2015-16 - - - - 5550 3950 1260 383
2016-17 - - - - 1885 1175 5950 3173
2017-18 - - - - 260 80 8175 5000
2018-19 - - - - 2120 1883 2820 1645
SUR 2A SUR 2B

Weight (kg) Numbers Weight (kg) Numbers

Fishing year Approved Harvested Approved Harvested Approved Harvested Approved Harvested
1998-99 - - 200 200 - - - -
1999-00 - - 2350 460 - - - -
2000-01 - - - - - - - -
2001-02 - - 100 80 - - - -
2002-03 - - - - - - - -
2003-04 - - - - - - 1350 1350
2004-05 - - 600 440 - - 900 900
2005-06 - - 7500 4940 - - 200 200
2006-07 - - 55 806 41546 - - - -
2007-08 - - 60 546 46 599 - - - -
2008-09 - - 54 050 46 427 - - 18 055 14 940
2009-10 - - 17 100 13 640 - - 2700 1510
2010-11 - - 71950 66 222 - - - -
2011-12 - - 120 160 87 639 - - - -
2012-13 - - 127 090 101 162 - - - -
2013-14 - - 132 715 98 129 - - - -
2014-15 - - 63410 52181 - - 200 130
2015-16 - - 20030 16 072 - - 460 420
2016-17 - - 50 400 33483 - - - -
2017-18 - - 11 400 5950 - - - -
2018-19 - - 32870 12 785 - - - -
SUR 3 SUR4

Weight (kg) Numbers Weight (kg) Numbers

Fishing year Approved Harvested Approved Harvested Approved Harvested Approved Harvested
1998-99 - - - - - - - -
1999-00 - - - - - - - -
2000-01 - - - - - - - -
2001-02 - - 2070 819 - - - -
2002-03 - - 650 150 - - - -
2003-04 - - - - - - - -
2004-05 - - - - - - - -
2005-06 - - 1075 401 - - - -
2006-07 - - 2020 1417 - - - -
2007-08 - - 4880 4134 - - - -
2008-09 - - 3099 968 - - - -
2009-10 - - 1600 1283 - - 460 429
2010-11 - - 17 170 16 092 - - - -
2011-12 - - 3660 2436 17 17 - -
2012-13 - - 5600 4629 - - - -
2013-14 - - 3850 1160 - - 90 88
2014-15 - - 1910 1382 - - 40 40
2015-16 - - 3006 2265 - - 162 102
2016-17 - - 1805 1570 - - 310 310
2017-18 - - 300 192 24 24 125 125
2018-19 - - - - 50 50 - -
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Table 4 [Continued[
SUR 5 SUR7A

Weight (kg) Numbers Weight (kg) Numbers

Fishing year ~Approved Harvested Approved Harvested Approved Harvested Approved Harvested
1998-99 - - - - - - - -
1999-00 - - - -
2000-01 - - 730 520 - - - -
2001-02 - - 4810 4039 - - - -
2002-03 - - 3440 2255 - - - -
2003-04 - - - - - - - -
2004-05 - - - -
2005-06 - - 700 700 - - - -
2006-07 - - 260 260 50 10 - -
2007-08 - - 7715 7715 - - 1220 960
2008-09 - - 7450 7125 - - 1570 1198
2009-10 - - 2380 1706 - - 2170 2040
2010-11 - - 300 300 - - - -
2011-12 - - 2659 2659 - - - -
2012-13 - - 5680 5680 - - - -
2013-14 - - 1000 910 - - - -
2014-15 - - - -
2015-16 - - 3840 3170 - - - -
2016-17 - - 2500 2410 - - - -
2017-18 - - 2150 2150 - - - -
2018-19 - - - - - - - -

SUR 7B SUR 8

Weight (kg) Numbers Weight (kg) Numbers

Fishing year ~Approved Harvested Approved Harvested Approved Harvested Approved Harvested
1998-99 - - - - - -

1999-00 - - - - - - - -
2000-01 - - - - - - - -
2001-02 - - - - - - - -
2002-03 - - - - - - - -
2003-04 - - - - - - - -
2004-05 - - - - - - - -
2005-06 - - - - - - - -
2006-07 - - 250 250 - - - -
2007-08 - - - - - - - -
2008-09 - - - - - - - -
2009-10 - - - - - - - -
2010-11 - - - - - - - -
2011-12 - - - - - - - -
2012-13 - - - - - - 300 80
2013-14 - - - - - - - -
2014-15 - - - - - - - -
2015-16 - - - - - - - -
2016-17 - - 70 70 - - - -
2017-18 - - - - - - - -
2018-19 - - - - - - 300 150

SUR 9
Weight (kg) Numbers
Fishing year Approved Harvested Approved Harvested
1998-99 - -
1999-00 - - - -
2000-01 - - - -
2001-02 - - - -
2002-03 - - - -
2003-04 - - - -
2004-05 - - - -
2005-06 - - - -
2006-07 - - - -
2007-08 50 50
2008-09 -
2009-10 100 80 - -
2010-11 120 120 - -
2011-12 350 320 - -
2012-13 40 40 3150 3150
2013-14 400 280 500 380
2014-15 80 80 - -
2015-16 - - - -
2016-17 - - - -
2017-18 - - - -
2018-19 - - - -
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2. BIOLOGY

The biology and ecology of kina has been extensively studied; this literature has most recently been
reviewed by Barker (2001). Evechinus chloroticus is found throughout New Zealand and the sub-
Antarctic Islands. Kina has an annual reproductive cycle which culminates in spawning between
November and March (Dix 1970, Walker 1984, McShane et al 1994a, 1996, Lamare & Stewart 1998,
Lamare 1998). Size at maturity appears to vary considerably and may be as small as 30 mm and as large
as 75 mm TD (Dix 1970, Barker et al 1998). In Dusky Sound, kina are reproductively mature at 50—
60 mm T.D. (McShane et al 1996). Within these seemingly consistent patterns in the seasonality of the
reproductive cycle there are many differences in the gonad size at small spatial scales.

Settlement is likely to be vary between years and appears to differ among locations and habitats (Dix
1972, Walker 1984). Laboratory work has shown that kina larval mortality increased with increasing
concentrations of suspended sediment at realistic concentrations (Phillips & Shima 2006). In the field,
but not in the laboratory, development abnormalities were found associated with suspended sediment
concentrations, this suggests the importance of other environmental factors associated with terrestrial
runoff (Schwarz et al 2006). Juvenile settlement and mortality has also been observed to increase with
sediment at realistic concentrations in a size-specific manner in the laboratory; this agrees with juvenile
patterns of distribution observed in the field (Walker 2007). Few small kina were observed in any of
the surveys in Dusky Sound (McShane et al 1993). These results suggest that the productivity of stocks
in Fiordland may be low and that recruitment over-fishing is a real possibility.

There is relatively little information available on the interactions between kina and its predators and
competitors. Although a wide range of fish and invertebrates eat kina, there is limited evidence that
these species control or limit populations of kina in Fiordland. Work in a marine reserve, where large
predators such as reef fishes and crayfish are abundant, indicates that predators can control numbers of
kina surviving the transition from crevice-bound to open substratum grazing (Cole & Keuskamp 1998,
Babcock et al 1999). Babcock et al (1999) have drawn a direct link between the increases in snapper
and crayfish populations and the long-term decline in kina populations in the Leigh Marine Reserve.
There is however, no evidence that high kina densities limit rock lobster populations (Andrew &
MacDiarmid 1991). It is likely, however, that changes in the abundance of kina, and the consequent
changes in habitat representation, are part of a complex set of interacting processes, including but not
exclusively, increased predation.

Kina compete with a range of invertebrate herbivores, including paua. There is no published evidence
that high densities of kina limit paua populations in Fiordland. McShane (1997) reported that paua are
abundant in Dusky Sound, and in Chalky and Preservation Inlets, but are rare in the fjords.

Lamare & Mladenov (2000) estimate that kina grow 8-10 mm in their first year of life. Growth rates
will vary considerably depending on local conditions but kina may take 8-9 years to reach 100 mm TD,
and very large individuals may reach ages of more than 20 years (Lamare & Mladenov 2000).

3. STOCKS AND AREAS

There appear to be few genetic differences in kina populations from Leigh (North Auckland) and
Stewart Island (Mladenov et al 1997) which suggests that there is at least some mixing among
populations. There is no direct evidence that populations of kina at the Chatham Islands differ
genetically from those on the mainland, nor is there evidence that “populations” of kina at the Chatham
Islands are dependent on the dispersal of larvae from the mainland.

4. STOCK ASSESSMENT

Although there is a wealth of information on the biology and ecology of this species (see Barker 2001
for reviews), there is relatively little that can be used to assess the status of exploited stocks. There have
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been no assessments of sustainable yield nor are there estimates of biomass or trends in relative
abundance for any Fishstock (Annala 1995).

4.1 Estimates of fishery parameters and abundance

Andrew (2001) reported catch rates from both dive and dredge fisheries but advised caution in the
interpretation of catch rate information of sedentary invertebrates, like kina, gathered at broad spatial
scales.

Indices of relative abundance using timed swims have been reported for Ariel Reef in SUR 2 (Anderson
& Stewart 1993), Chatham Islands (Schiel et al 1995, Naylor & Andrew 2002), and D’Urville Island
and Arapawa Island in SUR 7 (McShane et al 1994a). Numerous surveys of kina have been done over
the last 30 years in fished areas, mostly by university-based researchers (e.g. Dix 1970, Choat & Schiel
1982, Schiel et al 1995, Cole & Keuskamp 1998, Babcock et al 1999, Wing et al 2001). Naylor &
Andrew (2002) reported a range of densities for kina around Chatham Island from 0.17/m? (northwest
Chatham Island) to 1.6/m? (south east Chatham Island). These were generally lower than estimates
made in the mid 1990s by Schiel et al (1995) (0.2/m? to 6/m?). By contrast, even lower kina densities
of around 0.1/m? were reported by McShane et al (1994a) for both Arapawa and D'Urville Island. Dix
(1970) reported much higher mean relatively high densities of kina ranging from 2.2/m? in Queen
Charlotte Sound to 6/m? at Kaikoura.

4.2 Biomass estimates

McShane & Naylor (1993) reported biomass estimates of 2500 and 500 t respectively for D’Urville and
Arapawa Islands (SUR 7), presumably based on an expansion of density estimates reported in McShane
et al (1994a) by an area estimate, however, the methods are not detailed.

Biomass was estimated for Dusky Sound and Chalky Inlet (SUR 5) prior to Dusky Sound being opened
as an experimental fishery in May 1993 (McShane & Naylor 1991, 1993). Productivity and biomass
was to be estimated by depletion methods but this was unsuccessful because only 133 t of the projected
1000 t was caught (McShane et al 1994Db) and this catch was insufficient to cause a measurable change
in the estimated biomass of kina.

4.3 Yield estimates and projections

MCY has not been estimated for any SUR fishstock. Within SUR 5, an MCY estimate of sustainable
yield within Dusky Sound and Chalky Inlet was reported in Annala (1995). This estimate used Method
1 of Annala (1995) for new fisheries based on surveys done by McShane & Naylor (1991, 1993) and
an estimate of a reference fishing mortality derived from McShane et al (1994a). The estimated annual
sustainable yield of 275 t for these two areas has never been harvested because they are closed to
commercial fishing except under special permit.

CAY has not been estimated for any SUR fishstock.

S. STATUS OF THE STOCKS

For all Fishstocks it is not known if current catch levels or TACCs are sustainable, or if they are at
levels which will allow the stocks to move towards a size that will support sustainable yields.

6. FOR FURTHER INFORMATION
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KING CRAB (KIC)

KING CRAB (KIC)

(Lithodes aotearoa, Neolithodes brodiei)

Lithodes aotearoa

Neolithodes brodiei

1. FISHERY SUMMARY

11 Commercial fisheries

King crabs (Lithodes aoteroa and Neolithodes brodiei) were introduced into the Quota Management
System on 1 April 2004 with a combined TAC of 90 t and TACC of 90 t (Table 1). There are no
allowances for customary, recreational, or other sources of mortality. The fishing year is from 1 April
to 31 March and commercial catches are measured in greenweight. The two crabs are relatively distinct,
and are found at different depths, but may be confused with other species of Lithodes.

Table 1: TACCs and reported landings (t) of king crab by Fishstock from 1993-94 to 2018-19. [Continued on next page]

Fishing KIC1 KIC2 KIC3 KIC4 KIC5
year Landings TACC Landings TACC Landings TACC Landings TACC Landings TACC
1993-94 0 - 0.12 - 0.06 - 0 - 0 -
1994-95 0 - 0 - 0 - 0 - 0 -
1995-96 0 - 0 - 0.06 - 0 - 0 -
1996-97 0 - 0.08 - 0 - 0 - 0 -
1997-98 0 - 0 - 0 - 0 - 0 -
1998-99 0 - 0 - 0 - 0 - 0 -
1999-00 0 - 0 - 0.02 - 0 - 0 -
2000-01 0 - 0 - 0 - 0 - 0 -
2001-02 0.14 - 0.26 - 0 - 0 - 0 -
2002-03 0.01 - 0.01 - 0 - 0 - 0.03 -
2003-04 0 0 0.01 0.01 0

2004-05 0.01 10 0.08 10 0.12 10 0.02 10 0.03 10
2005-06 0 10 0.21 10 0.12 10 0.18 10 0.03 10
2006-07 0 10 0.04 10 0.24 10 0.9 10 0.13 10
2007-08 0.08 10 0.41 10 0.21 10 1.46 10 0.07 10
2008-09 0.01 10 0.19 10 0.24 10 157 10 0.07 10
2009-10 0 10 0.2 10 0.35 10 1.49 10 0.03 10
2010-11 0.02 10 0.18 10 0.25 10 1.9 10 0.14 10
2011-12 0 10 2.48 10 0.07 10 0.02 10 0.04 10
2012-13 0 10 3.76 10 0.13 10 0.02 10 0.11 10
2013-14 0 10 10.31 10 0.11 10 0.12 10 0.33 10
2014-15 0.01 10 8.09 10 0.12 10 0.02 10 0.09 10
2015-16 0 10 2.08 10 0.08 10 0.04 10 0.04 10
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Table 1 [Continued]

Fishing KIC1 KIC?2 KIC3 KIC4 KIC5
year Landings TACC Landings TACC Landings TACC Landings TACC Landings TACC
2016-17 0.02 10 0.03 10 0.05 10 0.29 10 0.02 10
2017-18 0.01 10 0.02 10 0.08 10 0.05 10 0.05 10
2018-19 0 10 0.02 10 0.45 10 0.05 10 0.41 10
Fishing KIC6 KIC7? KIC8 KIC9 Total
year Landings TACC Landings TACC Landings TACC Landings TACC Landings TACC
1993-94 0 - 0 - 0 - 0 - 0.12 -
1994-95 0 - 0 - 0 - 0 - 0 -
1995-96 0 - 0 - 0 - 0 - 0.10 -
1996-97 4.00 - 0 - 0 - 0 - 4.10 -
1997-98 0 - 0 - 0 - 0 - 0 -
1998-99 0.03 - 0 - 0 - 0 - 0.01 -
1999-00 0.04 - 0 - 0.07 - 0 - 0.12 -
2000-01 0.06 - 0 - 0 - 0 - 0.04 -
2001-02 0.03 - 0 - 0 - 0 - 0.45 -
2002-03 0.05 - 0 - 0 - 0 - 0.06 -
2003-04 0.46 0 0 0 0.48

2004-05 0.57 10 0 10 0 10 0 10 0.83 90
2005-06 0.51 10 0 10 0 10 0 10 1.05 90
2006-07 0.31 10 0 10 0 10 0.02 10 1.62 90
2007-08 0.49 10 0.08 10 0 10 0 10 2.82 90
2008-09 0.42 10 0.06 10 0 10 0.06 10 2.56 90
2009-10 0.34 10 0 10 0 10 0 10 2.47 90
2010-11 1.04 10 0 10 0.2 10 0.03 10 3.73 90
2011-12 0.34 10 0 10 0 10 0 10 2.98 90
2012-13 0.14 10 0 10 0 10 0.04 10 4.16 90
2013-14 0.70 10 0 10 0 10 0 10 11.61 90
2014-15 0.50 10 0.01 10 0 10 0 10 8.84 90
2015-16 0.27 10 0 10 0 10 0.01 10 251 90
2016-17 0.21 10 0 10 0 10 0 10 0.63 90
2017-18 0.85 10 0.01 10 0 10 0 10 1.07 90
2018-19 0.74 10 0 10 0 10 0.01 10 1.66 90

*In 1995-96 and 1998-99, 47 kg and 1 kg of LMU were landed respectively, but no FMA was assigned to the landings. In 1996-97, 24 kg of
NEB was landed but no FMA was assigned to this landing. These reported landings by species are included in the total landings for KIC in those
years.

Landings have been reported from all QMAs, however these landings are small and may not reflect the
actual catch. Most of the landed catch has been reported under the aggregated code KIC, although there
are a few records by species (i.e., L. aotearoa [LMU] and N. brodiei [NEB]) mainly by the fisheries
observers.

Most of the reported landings have come from KIC 2 from 2011-12 to 2015-16, which was fished
under a special permit during that time; catches of 2.15 tonnes in 2013-14 and 2.3 tonnes in 2014-15
were taken under special permit. A special permit was also issued for KIC 6 in the 1996-97 fishing year
(Table 1). Target fishing is by potting, although small quantities of crabs are taken as bycatch in fisheries
such as orange roughy and squid. Figure 1 shows the historical landings and TACC for KIC 2. There
was no target fishery between 2015-16 and 2018-19.

12 Recreational fisheries
There are no records of recreational use of these crabs and, because of their depth range, recreational
catch is unlikely.

1.3 Customary non-commercial fisheries
There are no known records of customary use of these crabs and, because of their depth range,
customary take is unlikely.

1.4 Illegal catch
There is no known illegal catch of these crabs.
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15 Other sources of mortality
There is no quantitative information on other sources of mortality, although the crabs are sometimes taken
as bycatch in orange roughy and squid fishing.
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Figure 1: Reported commercial landings and TACC for KIC 2 (east coast North Island). Note that this figure does
not show data prior to entry into the QMS and does not include the catch taken under special permits.

2. BIOLOGY

King crabs belong to the infra order Anomura, and differ from true crabs (Brachyura) in that the last
pair of walking legs is reduced and folded inside the carapace.

L. aotearoa is a large, pear-shaped, dark purplish-red or brick red crab that has been found at depths
between 120 m and 700 m, from the east coast of Northland to southern parts of the Campbell Plateau.
It is a circumpolar, Southern Ocean species growing so large that the distance between the tips of the
second legs can reach 1.25 m. The carapace width in males of this species may exceed 200 mm. Females
are smaller.

N. brodiei is also pear-shaped and typically a uniform brick to bright red colour. It is widely distributed
from the Three Kings Islands to the Campbell Plateau, where it occurs on soft and rocky bottom
between about 800 m and 1100 m. Carapace width in this species is up to about 180 mm.

King crabs are thought to aggregate for protection during breeding and moulting. Migrations between
shallow and deep waters also probably occur in response to moulting and mating, at least in near-shore
populations. They occur mainly on soft substrates but have also been found on rocky bottoms. They
are probably omnivorous, although animal food (sessile, sedentary, and mobile invertebrates, and small
fish), including dead material, is their predominant food. Their principal predators are fish and seals.

Sexes are separate in all species of king crabs and they appear to be seasonal spawners, probably spawning
in summer or autumn.
3. STOCKS AND AREAS

For management purposes stock boundaries are based on FMAs, however, there is currently no biological
or fishery information which could be used to identify stock boundaries.
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4. STOCK ASSESSMENT

4.1 Estimates of fishery parameters and abundance
There are no estimates of fishery parameters or abundance for any king crab fishstock.

4.2 Biomass estimates
There are no biomass estimates for any king crab fishstock.

4.3 Yield estimates and projections
There are no estimates of MCY and CAY for any king crab fishstock.

5. STATUS OF THE STOCKS

There are no estimates of reference or current biomass for any king crab fishstock.

6. FOR FURTHER INFORMATION

Arnaud, P M; Do-Chi, T (1977) Donnees biologiques et biometriques sur les lithodes Lithodes aotearoa (Crustacea: Decapoda: Anomura) des
lles Crozet (SW Ocean Indien). Marine Biology 39: 147-159.

Clark, M R; King, K J (1989) Deepwater fish resources off the North Island, New Zealand: results of a trawl survey, May 1985 to June 1986. New
Zealand Fisheries Technical Report No. 11.

Dawson, E W (1989) King crabs of the world (Crustacea: Lithodidae) and their fisheries. A comprehensive bibliography. New Zealand
Oceanographic Institute Miscellaneous Publication 101.

Food and Agriculture Organisation (1985) Southern Ocean CCAMLR Convention area, fishing areas 48, 58 and 88. pp. 89-92. FAO species
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McClay, C L (1988) Brachyura and crab-like Anomura of New Zealand. Leigh Laboratory Bulletin No. 22.

Macpherson, E (2001) New species and new records of lithodid crabs (Crustacea, Decapoda) from the southwestern and central Pacific Ocean.
Zoosystema. Paris 23: 797-805.

Melville-Smith, R (1982) A brief exploitation of the stone crab Lithodes aotearoa (Henderson) off South West Africa, 1979/80. Fisheries
Bulletin of South Africa 16: 45-55.

Miquel, J C; Arnaud, P M (1987) Aspects de la biologie de Lithodes aotearoa (Crustacea : Decapoda) aux lles Crozet, Ocean Indien
Subantarctique. CNFRA 57: 81-89.

Miquel, J C; Arnaud, P M; Do-Chi, T (1985) Population structure and migration of the stone crab Lithodes aotearoa in the Crozet Islands,
Subantarctic Indian Ocean. Marine Biology 89: 263-269.

Naylor, J R; Webber, W R; Booth, J D (2005) A guide to common offshore crabs in New Zealand waters. New Zealand Aquatic Environment and
Biodiversity Report No. 2. 47 p.

O’Driscoll, R L; Booth, J D; Bagley, N W; Anderson, O F; Griggs, L H; Stevenson, M L; Francis, M P (2001) Areas of importance for
spawning, pupping or egg-laying, and juveniles of New Zealand deepwater fish, pelagic fish, and invertebrates. NIWA Technical
Report 119. 377 p.

Webb, B F (1972) Report on the investigations of the ‘Lloret Lopez I’ - 8 January to 2 April 1970. Section 3 Crab survey - 18 February to
27 February 1970. Fisheries Technical Report No. 97.

Webber, R (1997) The royal family: king crabs at home and abroad. Seafood New Zealand May 1997: 81-84.

718











































































KNOBBED WHELK (KWH)

KNOBBED WHELK (KWH)

(Austrofusus glans)

A KWH47 )

1. FISHERY SUMMARY

Knobbed whelks (Austrofusus glans) were introduced into the Quota Management System on 1 October
2006. The fishing year is from 1 October to 30 September and commercial catches are measured in
greenweight. TACs have been allocated in 10 QMAs (Table 1). This species is managed under
Schedule 6 of the Fisheries Act for all stocks, which allows for them to be returned to where they were
taken (as soon as practicable after being taken) providing they are likely to survive.

Table 1: Current TAC, TACC, and allowances for customary fishing, recreational fishing, and other sources of
mortality for Austrofusus glans.

QMA TAC (t) TACC (t) Customary fishing  Recreational fishing  Other sources of mortality
KWH1 3 1 1 1 0
KWH 2 3 1 1 1 0
KWH 3 5 3 1 1 0
KWH 4 8 6 1 1 0
KWH 5 3 1 1 1 0
KWH 6 4 2 1 1 0
KWH 7A 53 50 1 1 1
KWH 7B 3 1 1 1 0
KWH 8 3 1 1 1 0
KWH 9 3 1 1 1 0
Total 88 67 10 10 1

11 Commercial fisheries

Target fishing for knobbed whelks is by baited pots. Because economic returns for whelk fishing are poor,
most of the historical catch is bycatch from oyster and scallop dredging and from bottom trawling. Due to
the low value of this species it is likely that there is a high level of unreported discarded catch.

Landings shown in Table 2 for the period 1990-91 to 2005-06 were recorded under the generic code for
whelks (WHE); however, the Ministry considers that in FMA 1, 2, 7, and 8 most reported landings were
of the knobbed whelk Austrofusus glans. In FMA 3, 4, 5, and 6, the Ministry considers that about a third
of reported landings were of the knobbed whelk, whereas the remainder were the large ostrich foot shell
Struthiolaria papulosa.

Reported landings of knobbed whelk in FMA 1, FMA 2, and FMA 8 have been relatively low and variable
since the 1990s and have been (largely or all) accounted for as bycatch. In FMA 7 in the early 1990s
higher catches were reported as part of experimental fisheries in Golden Bay and Tasman Bay to provide
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stock assessment information in these areas (Tables 2 and 3). In the period 2011-12 to 2018-19 total
reported landings averaged just 0.29 t, with just 0.02 t landed in 2018-19. Landings are split into two
tables (before and after the 2006 fishing year) because reporting requirements changed when knobbed
whelks entered the QMS.

Table 2: Reported landings (t) of whelks (WHE) by FMA from 1990-91 to 2005-06 from landing returns. See section
1.1 for an explanation of the proportion of WHE that are considered to be knobbed whelks.

Fishing year FMA1 FMA2 FMA3 FMA4 FMAS5 FMA6 FMA7 FMA8 FMA9 Total

1990-91 0 0 0 0 0 0 44.976 0 0 44976
1991-92 0 0 0 0 0 0 26.935 0 0 26.935
1992-93 0.021 0 0.018 0 0 0 1.762 0 0 1.801
1993-94 0 0.135 0 0 0 0 49.278 0 0 49413
1994-95 0 0.707 0.545 0 0 0 21.458 0.593 0 23.303
1995-96 0 0.089 0.178 0 0 0 27.596 0 0  27.863
1996-97 0.002 0.174 0.144 0 0.003 0 8.959 0 0 9.282
1997-98 0 0 0.102 0.150 0 0 0.884 0 0 1.136
1998-99 0 0 0.223 2.205 2.470 0.150 0.570 0 0 5.618
1999-00 0 0 2.286 7.953 3.250 0.790 0.080 0 0  14.359
2000-01 0 0 10.467 17.497 3.538 4.765 0.141 0 0 36.408
2001-02 0 0 1.474 3.995 0.515 1.755 0.002 0 0 7.741
2002-03 0 0 0.212 0.020 0.004 0.780 0.077 0 0 1.093
2003-04 0.035 0 0.491 0 0 0.335 4217 0 0 5.078
2004-05 0.008 0 0.021 0 0 0.335 0.234 0 0.047 0.639
2005-06 0 0 0.163 0 0 0 0.032 0 0 0.195

Table 3: Landings of Knobbed whelk (KWH) by QMA from 2006-07 to present from monthly harvest returns (MHR).

Fishingyear QMA1 OQMA2 QMA3 OQMA4 QMAS5 OMAG6 QMA7A QMAT7B QMAS8  Total

2006-07 0.080 0 0.010 0 0 0 0.046 0 0 0.136
2007-08 0.077 0 0.006 0 0 0 9.174 0.104 0 9.361
2008-09 0.103 0 0.121 0 0 0.001 0.226 0.008 0 0.459
2009-10 0.088 0 0.053 0 0 0 18.500 0 0 18.614
2010-11 0.473 0.036 0 0 0 0 16.033 0 0 16.542
2011-12 0.721 0.070 0.088 0 0 0 0 0.008 0 0.887
2012-13 0.551 0 0.003 0 0.001 0 0 0.014 0 0.569
2013-14 0.116 0 0.159 0 0.002 0 0 0 0 0.277
2014-15 0.039 0 0.020 0 0 0 0 0 0.108 0.167
2015-16 0.011 0 0.031 0 0 0 0 0 0 0.032
2016-17 0 0 0.210 0 0 0 0 0 0 0.210
2017-18 0 0 0.140 0.020 0 0 0 0 0.010 0.170
2018-19 0 0 0.024 0 0 0 0 0 0 0.024

1.2 Recreational fisheries
There are no estimates of recreational catch.

13 Customary non-commercial fisheries
There are no estimates of current customary catch.

14 Illegal catch
There is no known illegal catch of this whelk.

15 Other sources of mortality
There is no information on other sources of mortality for this whelk.

2. BIOLOGY

The knobbed whelk A. glans, is a widely distributed gastropod found from low tide to about 600 m
(Powell 1979). This carnivorous whelk grows up to 5 cm long and occurs throughout New Zealand
where it is found on sandy/silt/mud substrate. There is very little published about the biology of this
species; most references are identification notes or records of occurrence. It is a scavenger that buries
in the substrate when not feeding. A wide variety of invertebrates including polychaetes, gastropods,
and bivalves occur within the wide depth range of the knobbed whelk, but no interdependent
relationships are documented with A. glans.
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3. STOCKS AND AREAS
For management purposes stock boundaries are based on FMAs. There is no biological information on

stock structure, recruitment patterns, or other biological characteristics which might indicate alternative
stock boundaries.

4. STOCK ASSESSMENT

4.1 Estimates of fishery parameters and abundance
There are no estimates of fishery parameters or abundance for any knobbed whelk fishstock.

4.2 Biomass estimates
There are no biomass estimates for any knobbed whelk fishstock.

4.3 Yield estimates and projections
There are no estimates of MCY for any knobbed whelk fishstock.

There are no estimates of CAY for any knobbed whelk fishstock.

5. STATUS OF THE STOCKS

e KWH 7A - Austrofusus glans

Stock Status

Year of Most Recent Assessment | No formal assessment done of any of the stocks
Assessment Runs Presented -

Reference Points Target: None

Soft Limit: None

Hard Limit: None
Overfishing threshold: None
Status in relation to Target Unknown

Status in relation to Limits Unknown

Status in relation to Overfishing | Unknown

Historical Stock Status Trajectory and Current Status
Unknown

Fishery and Stock Trends

Recent Trend in Biomass or Unknown

Proxy

Recent Trend in Fishing In 1990-96 the landings for KWH 7 averaged 28.7 t. However,
Mortality or Proxy since that time, landings have declined in this area to less than

19 t per year. Landings in all other Fishstocks have been
variable but total catch across all Fishstocks has been less than
19 t per year since 2001-02.

Other Abundance Indices -

Trends in Other Relevant
Indicators or Variables

Projections and Prognosis
Stock Projections or Prognosis -
Probability of Current Catch or Soft Limit: Unknown

TACC causing Biomass to Hard Limit: Unknown
remain below or to decline It is unknown what effect fishing to date has had on
below Limits Austrofusus glans stocks
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Probability of Current Catch or | —
TACC causing Overfishing to
continue or to commence

Assessment Methodology

Assessment Type -

Assessment Method -

Assessment Dates Latest assessment: — Next assessment: —

Overall assessment quality | -
rank

Main data inputs (rank) -

Data not used (rank) -

Changes to Model Structure -
and Assumptions

Major Sources of Uncertainty | —

Qualifying Comments

Fishery Interactions

6. FOR FURTHER INFORMATION

Morton, J; Miller, M (1968) The New Zealand sea shore. Collins, Auckland. 638 p.
Powell, A W B (1979) New Zealand Mollusca. Marine, land and freshwater shells. Collins, Auckland. 500 p.
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ORANGE ROUGHY (ORH)

ORANGE ROUGHY (ORH)

(Hoplostethus atlanticus)

1. INTRODUCTION

Orange roughy was introduced into the Quota Management System (QMS) on 1 October 1986. The
main orange roughy fisheries have been treated separately for assessment and management purposes,
and individual reports have been produced for each of six areas consisting of one or more stocks as
follows:

1. Northern North Island (ORH 1)
- Mercury-Colville stock
« Other stocks
2. Cape Runaway to Banks Peninsula (ORH 2A, 2B, & 3A)
- East Cape stock
« Mid-East Coast stock
3. Chatham Rise and Puysegur (ORH 3B)
« Northwest Chatham Rise stock
- East and South Chatham Rise stock
« Puysegur stock
« Other minor stocks or subareas
4. Challenger Plateau (ORH 7A)
5. West coast South Island (ORH 7B)
6. Outside the EEZ
- Lord Howe
« Northwest Challenger
- Louisville
- West Norfolk
« South Tasman

Recent orange roughy stock assessments have been conducted for the Mid-East Coast (2014 with a
preliminary update in 2018), Northwest Chatham Rise (2018), East and South Chatham Rise (2020
update of 2017 assessment), Challenger Plateau (2019), Puysegur (2017) and ORH 7B (a preliminary
assessment in 2020). These assessments used a similar approach and have relied on the use of ageing
data and acoustic surveys of spawning plumes. The methods common to these assessments are described
later in this introduction.
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2. BIOLOGY

Orange roughy inhabit depths between 700 m and at least 1500 m within the New Zealand EEZ. They
are most abundant between about 800 m and 1200 m. Their maximum depth range is unknown.

Orange roughy are slow-growing, long-lived fish. On the basis of otolith ring counts and radiometric
isotope studies, orange roughy may live up to 120-130 years. Age determination from otolith rings has
been validated by length-mode analysis for juveniles up to four years of age (Mace et al 1990), and
adult ages have been validated using radiometric techniques in a study by Andrews & Tracey (2003).

Orange roughy otoliths have a marked transition zone in banding which is believed to be associated
with the onset of maturity (Francis & Horn 1997). The estimates of transition-zone maturity range from
23 to 31.5 years for fish from various New Zealand fishing grounds (Horn et al 1998, Seafood Industry
Council/NIWA unpublished data). However, spawning fish appear to be an older subset of the
transition-zone mature fish as evidenced by the older ages and the larger sizes of fish caught on the
spawning grounds. The age at which 50% of fish are spawning was estimated in the 2014 stock
assessment models to range from 32—41 years (Cordue 2014a). Orange roughy in New Zealand waters
reach a maximum size of about 50 cm standard length (SL), and 3.6 kg in weight, but the maximum
size appears to vary among local populations. Average size is around 35 cm SL, although there is
variation between areas.

Spawning occurs once each year between June and early August in several areas within the
New Zealand EEZ, from the Bay of Plenty in the north, to the Auckland Islands in the south. Spawning
occurs in dense aggregations at depths of 700-1000 m and is often associated with bottom features such
as pinnacles and canyons. Spawning fish are also found outside the EEZ on the Challenger Plateau,
Lord Howe Rise, and Norfolk Ridge to the west, and the Louisville Ridge to the east.

Fecundity is relatively low, with females carrying on average about 40 000-60 000 eggs. The eggs are
large (2-3 mm in diameter), are fertilised in the water column, and then drift upwards towards the
surface and remain planktonic until they hatch close to the bottom after about 10 days. Details of larval
biology are poorly known.

Orange roughy juveniles are first available to bottom trawls at age about 6 months, when they exhibit a
mean length of about 2 cm. Juveniles have been found in large numbers in only one area, at a depth of
800-900 m about 150 km east of the main spawning ground on the north Chatham Rise.

Orange roughy also form aggregations outside the spawning period, presumably for feeding. Their main
prey species include mesopelagic and benthopelagic prawns, fish and squid, with other organisms such
as mysids, amphipods and euphausiids occasionally being important.

Natural mortality (M) has been estimated to be 0.045 yr?. This was based on otolith age data from a
1984 research survey of the Chatham Rise that used an estimation technique based on mean age. A
similar estimate was obtained in 1998 from a lightly fished population in the Bay of Plenty.

Biological parameters used in the following assessments (Tables 1 and 2) were estimated by Doonan
(1994) with modifications of A, Am, Sr, and Sy, for the 1998 stock assessment meetings by Francis &
Horn (1997), Horn et al (1998), and Doonan et al (1998), and further modifications for the 2006
assessment by Hicks (2006).

Biases in reading ages from otoliths were identified, leading to a recommendation by reviewers of
orange roughy workshops in October 2005 and February 2006 that no age data should be used in
assessments until the biases were quantified and corrected. Stemming from this recommendation, a new
ageing methodology was developed for orange roughy in 2007, associated with an international ageing
workshop for this species (Tracey et al 2007). In the 2014 stock assessments, age-frequency data were
only used if the otoliths had been read using the new ageing protocol.

It is believed that ages derived from otoliths collected during the 1984 and 1990 trawl surveys of the
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East Chatham Rise, which were aged under the old NIWA protocol do not contain serious biases. The
single-sex growth curve, the length-weight parameters and the maturity ogive based on transition zones,
which are all based on ageing using the old-protocol data are still believed to be valid. The estimates of
these biological parameters (Table 1) were used for both the East Chatham Rise and the Northwest
Chatham Rise stock assessments, although the otoliths used were collected from the East Chatham Rise
only (of which most were from the Spawning Box). The transition-zone maturity estimates are not used
in current stock assessments as maturity was estimated in each of the models.

Table 1: Biological parameters as used for orange roughy assessments. -, not estimated.

Parameter Symbol Male Female Both sexes
Natural mortality M - - 0.045 yrt
Age of recruitment A (aso) - - =An
Gradual recruitment St (atoss) - - =Sn
Age at maturity An (aso) - - Table 2
Gradual maturity Sm (atoss) - - Table 2

von Bertalanffy parameters

- Chatham Rise (default) Lo 36.4cm 38.0cm -
- Northwest Chatham Rise Le - - 37.78 cm
- East Chatham Rise Le - - 37.78 cm
- Ritchie Bank Lo - - 37.63cm
- Challenger Plateau Lo 33.4cm 35.0cm -
- Al areas (default) k 0.070 yr * 0.061 yrt -
- Northwest Chatham Rise k - - 0.059 yrt
- East Chatham Rise k - - 0.059 yrt
- Ritchie Bank k - - 0.065 yrt
- All areas (default) to -0.4yr -0.6 yr -
- East Chatham Rise to - - -0.491
- Northwest Chatham Rise to - - -0.491
- Ritchie Bank to - - -0.5
Length-weight parameters

- default a - - 0.0921
- East and Northwest Chatham Rise a 0.0800
- default b - - 271
- East and Northwest Chatham Rise b 2.75
Recruitment steepness - - 0.75

Table 2: Estimates of Am and Sm by area for New Zealand orange roughy from transition zone observations.

Am Sm
Area M F Both sexes M F Both sexes
Chatham Rise (default) - - 29 - - 3
Northwest Chatham Rise - - 28.51 - - 4,56
East Chatham Rise - - 28.51 - - 4.56
Ritchie Bank - - 31.5 - - 711
Challenger Plateau - - 23 - - 3
Puysegur Bank - - 27 - - 3
Bay of Plenty 26 27 - 4 5 -

3. ENVIRONMENTAL AND ECOSYSTEM CONSIDERATIONS

The tables and accompanying text in this section were updated for the 2020 Fishery Assessment
Plenary. A more detailed summary from an issue-by-issue perspective is available in the 2018 Aquatic
Environment & Biodiversity Annual Review (Fisheries New Zealand

2019, https://www.mpi.govt.nz/dmsdocument/34854-aquatic-environment-and-biodiversity-annual-review-aebar-2018-a-
summary-of-environmental-interactions-between-the-seafood-sector-and-the-aquatic-environment).

3.1 Role in the ecosystem
Orange roughy are the dominant demersal fish at depths of 750-1100 m on the north and east Chatham
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Rise, the east coast of the North Island south of about East Cape, and the Challenger Plateau (Clark et
al 2000; Doonan & Dunn 2011; Tracey et al 1990). An analysis of New Zealand demersal fish
assemblages using research trawl data showed that orange roughy was the most frequently occurring
species (found in more than 40 % of tows) in the mid slope assemblage (Francis et al 2002). Fishing
has reduced the abundance of orange roughy since the 1980s, and the effects of removing, for example,
an average of about 18 000 t per year from ORH 3B between 1979-80 and 2009-10 are largely
unknown. There are likely to have been ecosystem implications (Tracey et al 2012).

3.1.1 Trophic interactions

The main prey species of orange roughy include mesopelagic and benthopelagic prawns, fish and squid,
with other organisms such as mysids, amphipods and euphausiids occasionally being important
(Rosecchi et al 1988). Koslow (1997) showed that orange roughy have a faster metabolism than
deepwater fishes that are typically dispersed over the flat seafloor, and their food consumption is higher.
Ontogenetic shifts occur in their feeding preferences with the smaller fish (up to 20 cm) feeding on
crustaceans, and larger fish (31 cm and above) feeding on teleosts and cephalopods (Stevens et al 2011).
Relative proportions of the three prey groups were similar between areas. Bulman & Koslow (1992)
found that teleosts were more important than crustaceans by weight in the prey of Australian orange
roughy, and that this dominance increased in adult-sized fish. Dunn & Forman (2011) inferred from
diet analysis that juveniles feed more on the benthos compared with the benthopelagic foraging of
adults. Where they co-occur, orange roughy and black oreo may compete for teleost and crustacean

prey.

Predators of orange roughy are likely to change with fish size. Larger smooth oreo, black oreo and
orange roughy were observed with healed soft flesh wounds, typically in the dorso-posterior region.
Wound shape and size suggest they may be caused by one of the deepwater dogfishes (Dunn et al 2010).
Giant squid and sperm whales have also been found to prey on orange roughy (Gaskin & Cawthorn
1967, Jereb & Roper 2010).

3.1.2 Ecosystem Indicators

Tuck et al (2009, 2014) used data from the Sub-Antarctic and Chatham Rise middle-depth trawl
surveys to derive indicators of fish diversity, size, and trophic level. However, fishing for orange
roughy occurs mostly deeper than the depth range of these surveys and is only a small component of
fishing in the areas considered by Tuck et al (2009, 2014).

3.2 Non-target fish and invertebrate bycatch

Anderson et al (2017) summarised the bycatch of orange roughy and oreo trawl fisheries from 2001—
02 to 2014-15. For orange roughy trawls since 2001-02, orange roughy accounted for 85% of the total
observed catch and the remainder comprised mainly smooth oreo (7%), black oreo (1.6%), hoki (0.6%),
and cardinalfish (0.3%). More than 700 species or species groups were recorded by observers, including
various deepwater dogfishes (2%), morid cods (1%), rattails (<1%), and slickheads (0.5%). Total annual
bycatch between 2001-02 and 2009-10 ranged from 3090 t to 6075 t per year and declined to less than
1100 in subsequent years following decline in catch in the fishery. Total annual discards also decreased
over time, from about 2120 t in 2001-02 to about 184 t in 2013—14 and were almost entirely of non-
QMS or invertebrate species (rattails, shovelnose dogfish, and other deepwater dogfishes, all discarded
at a rate of 50% or more). From 2001-02 to 2014-15, the overall discard fraction value was 0.07 kg
(range of 0.02-0.13 kg) and tended to be lower in recent years.

Invertebrate species are caught in low numbers in the orange roughy fishery (Anderson et al 2017).
Squid (mostly warty squid, Onykia spp., 0.15%) were the largest component of invertebrate catch,
followed by various groups of coral (0.12%), echinoderms (mainly starfish, 0.03%), and crustaceans
(mainly king crabs, family Lithodidae, 0.01%). Tracey et al (2011) analysed the distribution of nine
groups of protected corals based on bycatch records from observed trawl effort from 2007-08 to 2009—
10, primarily from 800-1000 m depth. For the orange roughy target fishery, about 10% of observed
tows in FMAs 4 and 6 included coral bycatch, but a higher proportion of tows in northern waters
included coral (28% in FMA 1, 53% in FMA 9, Tracey et al 2011).

Finucci et al (2019) analysed bycatch trends in deepwater fisheries, including orange roughy trawl, from
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1990-91 until 2016-17. They found that the most common bycatch species by weight (t) were smooth
oreo (Pseudocyttus maculatus, SSO), black oreo (BOE), and unspecified sharks (SHA). Moreover,
among the 557 bycatch species examined, 94 showed a decrease in catch over time (29 were statistically
significant) and 62 showed an increase (14 were significant). The species showing the greatest decline
were dark ghost shark (Hydrolagus novaezealandiae, GSH), black oreo (Allocyttus niger, BOE), and
lanternshark (Etmopterus sp., ETM), while the greatest increases were found for longnose velvet
dogfish (Centroscymnus crepidater, CYP), Portuguese dogfish (Centroscymnus coelolepis, CYL), and
Owston’s dogfish (Centroscymnus owstonii, CYO).

3.3 Incidental Capture of Protected Species (seabirds, mammals, 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, Brothers et al 2010).

3.3.1 Marine mammal interactions

Trawlers targeting orange roughy, oreo, and black cardinalfish occasionally catch New Zealand fur
seal (which were classified as “Not Threatened” under the New Zealand Threat Classification System
in 2010, Baker et al 2016; Baker et al 2019). Between 2002-03 and 2007-08, there were 15 observed
captures of New Zealand fur seal in orange roughy, oreo, and black cardinalfish trawl fisheries. There
has been one observed capture in the period between 2008-09 and 2017-18, during which time the
average level of annual observer coverage was 26.7% (Table 3). Corresponding mean annual
estimated captures in this period ranged 0-3 (mean 1.25) based on statistical capture models
(Thompson et al 2013; Abraham et al 2016). All observed fur seal captures occurred in the Sub-
Antarctic region.

Table 3: Number of tows by fishing year and observed and model-estimated total NZ fur seal captures in orange roughy,
oreo, and cardinalfish trawl fisheries, 2002-03 to 2017-18. No. Obs, number of observed tows; % obs,
percentage of tows observed; Rate, number of captures per 100 observed tows, % inc, percentage of total
effort included in the statistical model. Estimates are based on methods described in Abraham et al (2016),
available via https://data.dragonfly.co.nz/psc. Estimates from 2002-03 to 2015-16 are based on data version
2018v1.

Observed Estimated
Tows No.obs 9%ob Captures Rate  Capture 95%c.i.
2002-03 8871 1383 156 0 0.0 4 0-13
2003-04 8 005 1262 15.8 2 0.2 10 3-26
2004-05 8425 1619 19.2 4 0.2 15 6-32
2005-06 8289 1358 164 2 0.1 11 4-25
2006-07 7368 2324 315 2 0.1 3 2-7
2007-08 6730 2811 41.8 5 0.2 8 5-14
2008-09 6134 2372 387 0 0.0 2 0-8
2009-10 6011 2135 355 0 0.0 3 0-9
2010-11 4178 1205 28.8 0 0.0 4 0-11
2011-12 3654 922 25.2 0 0.0 1 0-5
2012-13 3098 346 11.2 0 0.0 0 0-3
2013-14 3606 434 12.0 0 0.0 1 0-4
2014-15 3812 978 25.7 1 0.1 2 1-4
2015-16 4083 1421 348 0 0.0 1 0-3
2016-17 3972 1226 309 0 0.0
2017-18 3744 903 24.1 0 0.0

3.3.2 Seabird interactions

Annual observed seabird capture rates in the orange roughy, oreo and cardinalfish trawl fisheries have
ranged from 0O to 0.9 per 100 tows between 2002—03 and 2017-18 (Table 4). The average observed
capture rate in deepwater trawl fisheries (including orange roughy, oreo and cardinalfish) for the
period from 2002-03 to 2017-18 is about 0.31 birds per 100 tows, a very low rate relative to other
New Zealand trawl fisheries, e.g. for scampi (4.43 birds per 100 tows) and squid (13.79 birds per 100
tows) over the same years.
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Table 4: Number of tows by fishing year and observed seabird captures in orange roughy, oreo, and cardinalfish trawl
fisheries, 2002-03 to 2017-18. No. obs, number of observed tows; % obs, percentage of tows observed; Rate,
number of captures per 100 observed tows. Estimates are based on methods described in Abraham et al (2016)
Abraham & Richard
nz/Environmental/Seabirds/. Estimates from 2002-03 to 2017-18 are based on data version 2019v1.

and

2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17

201718

(2017,  2018)

Fishing effort
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available

Observed captures
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http://www.fish.govt.nz/en-

Estimated captures
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8870
8 007
8 427
8291
7379
6731
6133
6012
4177
3655
3099
3608
3818
4084
3967
3748

No. obs

1382
1262
1619
1359
2324
2811
2372
2132
1205
923
346
434
978
1421
1226
903

% obs
15.6
15.8
19.2
16.4
315
41.8
38.7
35.5
28.8
25.3
11.2
12.0
25.6
34.8
30.9
24.1

Captures

Rate
0.0
0.2
04
0.6
0.0
0.2
0.3
0.9
0.1
0.2
0.6
0.5
0.0
0.3
0.2
04

=
© N NPk N wo
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Mean 95% c.i.
34 20-52
32 19-47
43 28-62
39 25-55
20 10-31
23 14-33
23 15-34
35 27-46
16 8-26
12 6-21
14 7-23
16 8-26
14 6-23
14 8-22
13 6-21
16 9-25

Salvin’s albatross was the most frequently captured albatross (46% of observed albatross captures) but
seven other albatross species have been observed captured since 2002—03. Cape petrels were the most
frequently captured other taxon (35% of other taxon observed caught not including albatross species,
Table 5). Seabird captures in the orange roughy, oreo, and cardinalfish fisheries have been observed
mostly around the Chatham Rise and off the east coast South Island. These numbers should be regarded
as only a general guide on the distribution of captures because the observer coverage is not uniform
across areas and may not be representative.

Table 5: Number of observed seabird captures in orange roughy, oreo, and cardinalfish fisheries, 2002-03 to 2017-
18, by species and area. The risk category is an estimate of aggregate potential fatalities across trawl and
longline fisheries relative to the Population Sustainability Thresholds, PST (from Richard & Abraham 2015
where full details of the risk assessment approach can be found). It is not an estimate of the risk posed by
fishing for cardinal fish. These data are available via https://data.dragonfly.co.nz/psc, based on data version
2019v1.

Species

Salvin's albatross
Southern Buller's
albatross
Chatham
albatross
New Zealand
white-capped
albatross

Island

Gibson's albatross
Antipodean
albatross
Northern
albatross
Southern
albatross

royal

royal

Albatrosses
Total albatrosses

816

Risk
Category
High
High
High
Medium
High
Medium

Low

Negligible

Chatham

Rise
13

3

7

30

East Coast Fiordland Sub-
South Island Antarctic
4 0 3

0 1 0

0 0 1

0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

2 0 0

6 1 4

Stewart
Snares Shelf

West Coast
South Island

0 0
0 0
0 0
2

0

0 0
0 0

Total

20

43
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Table 5[Continued]

Species Risk Chatham East Coast Fiordland Sub- Stewart West Coast  Total
Category Rise  South Island Antarctic ~ Snares Shelf  South Island

Northern giant petrel Medium 1 0 0 0 0 0 1
White-chinned petrel Negligible 1 0 0 0 0 3
Grey petrel Negligible 1 0 0 1 0 0 2
Sooty shearwater Negligible 0 3 0 0 0 1 4
Common diving petrel Negligible 2 0 0 0 0 0 2
White-faced storm

petrels Negligible 3 0 0 0 0 0 3
Cape petrel - 8 1 0 0 0 0 9
Short-tailed shearwater - 0 0 0 0 1 0 1
Petrels, prions and

shearwaters - 0 0 0 1 0 0 1
Total other birds - 17 5 0 2 1 1 26

The deepwater trawl fisheries (including the cardinal fish target fishery) contributes to the total risk
posed by New Zealand commercial fishing to seabirds (see Table 6). The two species to which the
fishery poses the most risk are Chatham Island albatross and Salvin’s albatross, with this suite of
fisheries posing 0.06 and 0.022 respectively of Population Sustainability Threshold (PST) (Table 6).
Chatham albatross and Salvin’s albatross were assessed at high risk (Richard et al 2020).

Table 6: Risk ratio of seabirds predicted by the level two risk assessment for the orange roughy and all fisheries
included in the level two risk assessment, 2006-07 to 2016-17, showing seabird species with a risk ratio of at
least 0.001 of PST (from Richard et al 2017 and Richard et al 2020 where full details of the risk assessment
approach can be found). The risk ratio is an estimate of aggregate potential fatalities across trawl and
longline fisheries relative to the PBR. The DOC threat classifications are shown (Robertson et al 2017
at http://www.doc.govt.nz/documents/science-and-technical/nztcs19entire.pdf).

Risk ratio

PST ORH, OEO, CDL Risk
Species name (mean) targettrawl*  TOTAL category DOC Threat Classification
Chatham Island albatross 428 0.060 0.28 High At Risk: Naturally Uncommon
Salvin's albatross 3460 0.022 0.65 High Threatened: Nationally Critical
Northern giant petrel 337 0.005 0.15 Medium At Risk: Naturally Uncommon
Northern Buller's albatross 1640 0.002 0.26  Medium At Risk: Naturally Uncommon
Black petrel 447 0.002 1.23  Very high Threatened: Nationally Vulnerable
Antipodean albatross 369 0.002 0.17  Medium Threatened: Nationally Critical
Gibson's albatross 497 0.002 0.31 High Threatened: Nationally Critical
Northern royal albatross 723 0.001 0.05 Low At Risk: Naturally Uncommon
Flesh-footed shearwater 1450 0.001 0.49 High Threatened: Nationally Vulnerable
Southern Buller's albatross 1360 0.001 0.37 High At Risk: Naturally Uncommon
Grey petrel 5460 0.000 0.03  Negligible At Risk: Naturally Uncommon
Common diving petrel 137 000 0.000 <0.01 Negligible At Risk: Relict
New Zealand white-faced storm
petrel 331000 0.000 <0.01 Negligible At Risk: Relict
New Zealand white-capped albatross 10 800 0.000 0.29 Medium At Risk: Declining
Buller's shearwater 56 200 0.000 <0.01 Negligible At Risk: Naturally Uncommon
Westland petrel 351 0.000 0.54 High At Risk: Naturally Uncommon
Sooty shearwater 622 000 0.000 <0.01 Negligible At Risk: Declining
Hutton's shearwater 14 900 0.000 <0.01 Negligible At Risk: Declining
Otago shag 283 0.000 0.13  Medium Threatened: Nationally VVulnerable
White-headed petrel 34 400 0.000 <0.01 Negligible Not Threatened

*ORH, OEO, CDL from Richard et al 2017

Mitigation methods such as streamer (tori) lines, Brady bird bafflers, warp deflectors, and offal
management are used in the orange roughy, oreo, and cardinalfish trawl fisheries. Warp mitigation was
voluntarily introduced from about 2004 and made mandatory in April 2006 (Department of Internal
Affairs 2006). The 2006 notice mandated that all trawlers over 28 m in length use a seabird scaring
device while trawling (being “paired streamer lines”, “bird baffler” or “warp deflector” as defined in
the notice).
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3.3.3 Protected fish species interactions

Deepwater trawling for orange roughy and oreo typically exceeds the depth at which protected fish
species are usually found. Fisheries-reported records include the capture of a basking shark
(Cetorhinus maximus) in 2019, a species classified as “Endangered” by IUCN in 2013 and as
“Threatened — Nationally Vulnerable” in 2016, under the New Zealand Threat Classification System
(Duffy et al 2018). Basking shark has been a protected species in New Zealand since 2010, under the
Wildlife Act 1953, and is also listed in Appendix Il of the CITES convention.

However, basking sharks have been occasionally confused with bluntnose sixgill shark (Hexanchus
griseus), a “Not Threatened” species according to the DOC latest assessment (Duffy et al 2018), and
this report is being verified.

3.4 Benthic interactions

The spatial extent of seabed contact by trawl fishing gear in New Zealand’s EEZ and Territorial Sea
has been estimated and mapped in numerous studies for trawl fisheries targeting deepwater species
(Baird et al 2011, Black et al 2013, Black & Tilney 2015, Black & Tilney 2017, and Baird & Wood
2018) and species in waters shallower than 250 m (Baird et al 2015). The most recent assessments of
the deepwater trawl footprint was for the period 2007-08 to 201617 (Baird & Mules 2019) and 1989-
90 to 2017-18 (Baird & Mules 2020a).

Orange roughy, oreo, and cardinalfish are taken using bottom trawls and accounted for about 14% of
all tows reported on TCEPR forms that fished on or close to the bottom between 1989-90 and 200405
(Baird et al 2011). During 1989-90 to 2015-16, about 128 000 orange roughy bottom trawls were
reported on TCEPRs (Baird & Wood 2018): with between 5000 and at least 8000 tows reported most
years up to 1999-2000; 3000-4500 annual tows between 2000-01 and 2009-10; and 1500-3000 tows
a year during 2010-11 to 2015-16. The total footprint generated from these tows was estimated at about
34 725 km?. This footprint represented coverage of 0.8% of the seafloor of the combined EEZ and the
Territorial Sea areas; 2.4% of the “fishable area’, that is, the seafloor area open to trawling, in depths of
less than 1600 m. For the 2016-17 fishing year, 2983 orange roughy bottom tows had an estimated
footprint of 2700 km? which represented coverage of 0.1% of the EEZ and Territorial Sea and 0.2% of
the fishable area (Baird & Mules 2019). The most recent footprint, for 2017-18, was estimated at
2590 km? based on 2816 tows (Baird & Mules 2020b).

The overall trawl footprint for orange roughy (1989-90 to 2015-16) covered 8% of the seafloor in 800—
1000 m, 6% of 1000-1200 m seafloor, and 3% of the 1200-1600 m seafloor (Baird & Wood 2018). In
2017-18, the orange roughy footprint contacted 0.6%, 0.6%, and 0.1% of those depth ranges,
respectively (Baird & Mules 2020b). Deepsea corals in the New Zealand region are abundant and
diverse and, because of their fragility, are at risk from anthropogenic activities such as bottom trawling
(Clark & O’Driscoll 2003, Clark & Rowden 2009, Williams et al 2010). All deepwater hard corals are
protected under Schedule 7A of the Wildlife Act 1953. Baird et al (2013) mapped the likely coral
distributions using predictive models and concluded that the fisheries that pose the most risk to protected
corals are these deepwater trawl fisheries.

Tows are located in Benthic-optimised Marine Environment Classification (BOMEC, Leathwick et al
2012) classes J, K (mid-slope), M (mid-lower slope), N, and O (lower slope and deeper waters) (Baird
& Wood 2012), and 94% were between 700 and 1200 m depth (Baird et al 2011). The BOMEC areas
with the highest proportion of area covered by the orange roughy footprint were classes J (comprising
mainly the Challenger Plateau and northern and southern slopes of the Chatham Rise) and N (deeper
areas around the North Island and Chatham Rise). In 2017-18, the orange roughy footprint represented
0.65% of the 311 360 km? in class J and 0.1% of the 493 034 km? of class N (Baird & Mules 2020Db).
Trawling for orange roughy, like trawling for other species, is likely to have effects on benthic
community structure and function (e.g., Rice 2006) and there may be consequences for benthic
productivity (e.g., Jennings et al 2001, Hermsen et al 2003, Hiddink et al 2006, Reiss et al 2009). These
consequences are not considered in detail here but are discussed in the Aquatic Environment and
Biodiversity Annual Review 2019 (Fisheries New Zealand 2020).
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The New Zealand EEZ contains Benthic Protection Areas (BPASs) and seamount closures that are closed
to bottom trawl fishing for the protection of benthic biodiversity. These combined areas include 28%
of underwater topographic features (including seamounts), 52% of all seamounts over 1000 m elevation
and 88% of identified hydrothermal vents.

3.5 Other considerations

Fishing during spawning may disrupt spawning activity or success. Morgan et al (1999) concluded that
Atlantic cod (Gadus morhua) “exposed to a chronic stressor are able to spawn successfully, but there
appears to be a negative impact of this stress on their reproductive output, particularly through the
production of abnormal larvae”. Morgan et al (1999) also reported that “Following passage of the trawl,
a 300-m-wide "hole" in the [cod spawning] aggregation spanned the trawl track. Disturbance was
detected for 77 min after passage of the trawl.” There is no research on the disruption of spawning
orange roughy by fishing in New Zealand.

3.5.2 Genetic effects

Fishing, environmental changes, including those caused by climate change or pollution, could alter the
genetic composition or diversity of a species. There are no known studies of the genetic diversity of
orange roughy from New Zealand. Genetic studies for stock discrimination are reported under “stocks
and areas”.

3.5.3 Habitat of particular significance to fisheries management

Habitat of particular significance for fisheries management (HPSFM) does not have a policy definition
(MPI, 2013). Mace et al (1990) identified only one area of high abundance for juvenile orange roughy
at 800—-900 m depth about 150 km east of the main spawning ground on the north Chatham Rise. Orange
roughy from 9 cm SL have also been located on the Challenger Plateau and O’Driscoll et al (2003)
show other areas where immature fish are relatively common. Dunn et al (2009) showed that orange
roughy juveniles are generally found close to the seabed, and in shallower water than the adults, starting
off at depths of around 850-900 m and spreading deeper, and over a wider depth range, as they grow.
Dunn & Forman (2011) also suggested that juveniles start on flat grounds shallower than the adults,
that they shift deeper as they grow, and that seamounts and other features tend to be dominated by the
largest orange roughy. It is not known if there are any direct linkages between the congregation of
orange roughy around features and the corals found on those features. Bottom trawling for orange
roughy has the potential to affect features of the habitat that could qualify as habitat of particular
significance to fisheries management.

4. RECENT STOCK ASSESSMENTS

Stock assessments were undertaken for ORH 7A areas in 2019, for Puysegur in 2017, the Mid-east coast
(MEC) and Northwest Chatham Rise (NWCR) in 2018, and the East and South Chatham Rise (ESCR)
(update of 2017 assessment) and ORH 7B (preliminary) in 2020. In this section, the methods that were
common to these stock assessments are described.

41 Methods

The methods used in recent orange roughy assessments were different from those used prior to 2014.
The major differences were in the application of a more stringent data quality threshold, in model
structure, and in the use of age data to estimate year class strengths.

4.1.1 Data quality and model structure

A high quality threshold was imposed on data before they were used in an assessment. This resulted in
the exclusion of biomass estimates that had previously been used. In particular, CPUE indices were not
used in any of the assessments because they were considered unlikely to be monitoring stock-wide
abundance (e.g., non-spawning season catch rates from a single hill feature or complex within a large
area cannot be monitoring stock wide abundance as the fishery would not have been sampling a large
proportion of the stock; at best, such CPUE indices may index localised abundance; during the spawning
season catches from a single hill or aggregation may be sampling a large proportion of the stock but the
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catch rates will depend on how the aggregation is fished rather than how much biomass is present).
Also, estimates of biomass from egg surveys were not used as it was found that the available estimates
were from surveys where the assumptions of the survey design were not met and/or there were major
difficulties in analysing the survey data. Finally, acoustic-survey estimates of biomass were only used
when mainly single-species aggregations were surveyed with suitable equipment. Estimates of
spawning orange roughy biomass were accepted for plumes on the flat surveyed using hull-mounted
transducers or towed systems. On underwater features estimates were accepted when the shadow zone
estimate was no more than about 10% of the total estimate. For hull-mounted transducers, this requires
that the plumes are high in the water column or near the top of the feature (and not on the side of the
feature where shadow zone corrections are often large).

The model structure assumed was similar across the assessments. In each case, the hase models were
single-sex, single-area models with separate categories for age and maturity. Maturity was estimated
within the model from age-frequencies of spawning fish and, if available, from female proportion
spawning at age data from pre-spawning wide-area trawl surveys (available for NWCR and MEC). All
mature fish were assumed to spawn each year as this was consistent with the estimates of female
proportion spawning at age (see the NWCR and MEC assessments). This is different to earlier
assessments where acoustic and egg survey estimates of spawning biomass were scaled up using
estimates of transition-zone mature biomass before being used in an assessment. In the recent
assessments, acoustic estimates of spawning biomass were used directly without scaling.

The recent assessment models now include more reliable age data using the new ageing methodology
(Tracey et al 2007, Horn et al 2016). Previously, the stock assessments were not thought to be reliable
as the models were found to be insensitive to the recent abundance data; i.e., results did not change
whether or not recent abundance indices were included because the model assumptions - particularly
the assumption of deterministic recruitment - overwhelmed the data. The modelled biomass trajectories
were estimated as a strong increasing trend as catches were scaled back, a pattern that was not supported
by the fishery-independent abundance indices.

4.1.2 Acoustic g priors

The major sources of recent abundance information in the models are from acoustic surveys of spawning
biomass. For each survey, the spawning biomass estimate was included in the appropriate assessment
as an estimate of relative spawning biomass rather than absolute spawning biomass (the latter being
used in previous assessments). The reason that the estimates are not used as absolute estimates of
biomass is because there are two major potential sources of bias: (i) the estimates may be biased low or
high because the estimate of orange roughy target strength is incorrect, and (ii) the survey is unlikely to
have covered all of the spawning stock biomass. The unknown proportionality constant, or g, for each
survey was estimated in the model using an informed prior for each g. Each prior was constructed from
two components: orange roughy target strength and availability to the survey.

The target strength (TS) prior was derived from the estimates of Macaulay et al (2013) and Kloser et al
(2013) who both obtained TS estimates (at 38 kHz) from visually verified orange roughy as they were
herded by a trawl net (the “AOS” was mounted on the head of the net and acoustic echoes and stereo
photos were obtained simultaneously). Macaulay et al (2013) estimated a TS (for 33.9 cm fish) of -52.0
dB with a 95% CI of -53.3 to -50.9 dB; Kloser et al (2013) gave a point estimate of -51.1 dB and gave
a range, that allowed for the artificial tilt angles of the herded fish, from -52.2 to -50.7 dB. The prior
was taken to be normal with a mean of -52.0 dB with 99% of the distribution covered by + 1.5 dB
(which covers both ranges). This results in a tight distribution for informed acoustic q priors, reflecting
the high confidence in the target strength estimates.

For surveys that covered “most” of the spawning stock biomass (e.g., ESCR where in some years
surveys covered the Old plume?, the Rekohu plume, and the “Crack”), availability was modelled with
a Beta(8,2) distribution (this has a mean of 0.8 —i.e., it is assumed a priori that 80% of the spawning
stock biomass is being indexed). The acoustic q prior is the combination of the availability and TS
priors (assuming they are independent). This was approximately normal with a mean of 0.8 and a CV

*For clarity, what was previously described as the ‘Spawning plume’ located in the Spawning Box has been renamed the ‘Old-plume’ so as
to differentiate it from the Rekohu plume, which is also a spawning plume.
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of 19%. For surveys that were considered to have covered less than “most” of the spawning biomass, a
similar prior was used for the q except that a lower mean value was assumed for the “availability”
component of the prior (see individual assessments for how the mean was derived in these cases). In
the 2014 stock assessments, when a higher CV was applied, the median estimates of biomass and stock
status were slightly higher, and the confidence intervals were wider with a much higher upper bound.

4.1.3 Year class strength estimation

The number of year class strengths (YCSs) estimated within each model depended on the timing and
number of age frequency observations available. In general a YCS was estimated provided that it was
observed in at least one age frequency when it was neither “too old” nor “too young”. “Old” YCSs were
not estimated because it was considered that there was too little information about these cohorts as only
a few of them remained. “Too young” YCSs were not estimated because the selectivity for these ages
is low and consequently the YCS estimates would be unreliable.

The Haist parameterisation for estimating YCS was used for all models (Bull et al 2012). In the 2013
MEC assessment it was found that the alternative Francis parameterisation unduly restricted YCS
estimates as evidenced by poor fits to the trawl survey biomass indices. In contrast, the Haist
parameterisation, using uniform priors, resulted in a good fit to the abundance indices at the MPD stage
and an adequate fit at the MCMC stage. The YCS estimates were primarily driven by the composition
data (age and length frequencies), but if unduly penalised, the estimates are restricted to a space which
does not allow the trawl biomass indices to be fitted well. In the recent assessments a “nearly uniform”
prior was used with the Haist parameterisation (lognormal with mode = 1, and log-space s.d. = 4).

4.1.4 Model runs

For each assessment, a similar set of sensitivity runs was conducted. In addition to a base model, there
were runs that estimated natural mortality (M); halved and doubled the recent acoustic biomass
estimates (to show that the model was sensitive to recent biomass indices); assumed deterministic
recruitment (to show the impact of estimating year class strengths); increased/decreased the mean of
acoustic g priors; and two sensitivities that simultaneously increased/decreased M and
decreased/increased the mean of the acoustic q priors by 20% (a lower stock status occurs when M is
decreased and when the mean of the acoustic g priors is increased; similarly an increased stock status
occurs for changes in the other direction). The runs estimating M (“EstM”) and those with the 20%
changes in M and the mean of acoustic g priors (“LowM-Highqg” and “HighM-Lowq™) were taken
through to MCMC.

4.1.5 Fishing intensity

Fishing intensity for each year of the assessment was measured in units of 100 — ESD (Equilibrium
Stock Depletion). This quantity was estimated by running the model to deterministic equilibrium, given
the exploitation rate and fishing pattern associated with each year. The equilibrium level of the
spawning biomass will be the ESD for that year (e.g., if the stock is fished at a very high fishing
intensity, the equilibrium spawning stock biomass will be close to zero: ESD = 0% By; if the stock is
being very lightly fished, then ESD = 100% By). The quantity (100 — ESD) ranges from 0-100 with
100 denoting any pattern and level of fishing that would eventually reduce the stock down to zero
spawning biomass. In general, the fishing intensity associated with a deterministic equilibrium of x%
Bo is denoted as Uxuxso. TO aid with the interpretation of fishing intensity in both the fishing intensity
and “snail trail” plots (which have fishing intensity on the right hand y-axis), the value U,sgo has been
replaced with an associated exploitation rate proxy on the left hand y-axis. Exploitation rate, expressed
as a percentage, is the number of fish caught from every 100 available fish. The exploitation rate labels
represent a median exploitation rate, as each U«go maps to a range of exploitation rates, rather than to
a single number.

In the most recent assessments conducted in 2019 and 2020, fishing intensity has been approximated

using exploitation rates (total catch divided by catch-averaged vulnerable biomass) as this eliminates
the 100 — ESD axis making interpretation more straightforward.
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5.  FUTURE RESEARCH CONSIDERATIONS

The research considerations below are generic to all or most of the orange roughy assessments.

A large number of modifications have been made to orange roughy trawl and acoustic estimates
due to refinements in analytical methods. These need to be compiled into a single document
that outlines the history of, and rationale for, the changes.

e Further examine the potential for contamination by swim bladder species when using current
AOS technology to estimate orange roughy acoustic biomass, and determine the potential
magnitude of possible errors.

« Greater detail is needed on the performance of tows or transects from surveys, especially when
there are issues with them. Such detail should be included in the comment field and will enable
analysts to determine how or whether to include them in models.

« Provide a more detailed protocol for otolith collections in surveys to ensure sufficient otoliths are
collected. For example, it may be useful to oversample the first few tows in case insufficient
samples are collected subsequently.

* Re-examine the M=0.045 and h=0.75 assumptions for each orange roughy assessment, including
estimation within and outside models and the determination of appropriate priors.

e Estimate von Bertalanffy growth parameters specifically for Puysegur orange roughy and
ORH 7B, rather than using the estimates from the Chatham Rise.

» Review the appropriateness of assuming a 5% overrun for current and recent years.

« Adequate age information is needed for all stocks including from commercial fisheries.

» Locate data on Enterprise Allocation catches and limits for 1983-86 and include these in Plenary
catch tables and graphs, as well as in stock assessments.

» Review the Management Strategy Evaluation and the resulting Harvest Control Rule, along with

their application, in a technical Working Group to ensure that the approach still represents best

practice.
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ORANGE ROUGHY, CAPE RUNAWAY TO BANKS PENINSULA (ORH 2A, 2B, 3A)

1. FISHERY SUMMARY

11 Commercial fisheries

The first reported landings of orange roughy between Cape Runaway and Banks Peninsula were in
1981-82 occurring with the development of the Wairarapa fishery. Total reported landings and
TACCs grouped into the three orange roughy Fishstocks from 1981-82 to 2018-19 are shown in
Table 1. The historical landings and TACCs for these stocks are shown in Figure 1.

Table 1: Reported landings (t) and TACCs (t) from 1981-82 to 2018-19. QMS data from 1986—present.

Fishing QMA 2A QMA 2B QMA3A All areas
Year (Ritchie + E.Cape) (Wairarapa) (Kaikoura) combined

TACC or
(1 Oct-30 Sep) Landings TACC Landings TACC Landings TACC Landings catch limit
1981-82* - - 554 - - - 554 -
1982-83* - - 3510 - 253 - 3763 -
1983-84t 162 - 6 685 - 554 - 7401 -
1984-85t 1862 - 3310 3500 3266 § 8438 -
1985-861 2819 4576 867 1053 4326 2689 8012 8318
1986-87 5187 5500 963 1053 2555 2689 8705 9242
1987-88 6239 5500 982 1053 2510 2689 9731 9242
1988-89 5853 6 060 1236 1367 2431 2839 9520 10 266
1989-90 6 259 6 106 1400 1367 2878 2879 10 537 10 352
1990-91 6 064 6 106 1384 1367 2553 2879 10 001 10 352
1991-92 6 347 6 286 1327 1367 2443 2879 10117 10532
1992-93 5837 6 386 1080 1367 2135 2879 9052 10 632
1993-94 6610 6 666 1259 1367 2131 2300 10 000 10 333
1994-95 6202 7000 754 820 1686 1840 8 642 9 660
1995-96 4268 4261 245 259 612 580 5125 5100
1996-97 3761 4261 272 259 580 580 4613 5100
1997-98 3827 4261 254 259 570 580 4651 5100
1998-99 3335 3761 257 259 582 580 4174 4 600
1999-00 3120 3761 234 259 617 580 3971 4 600
2000-01 1385 1100 190 185 479 415 2054 1700
2001-02 1087 1100 180 185 400 415 1667 1700
2002-03 782 680 105 99 235 221 1122 1000
2003-04 703 680 103 99 250 221 1056 1000
2004-05 1120 1100 206 185 416 415 1742 1700
2005-06 1076 1100 172 185 415 415 1663 1700
2006-07 1131 1100 203 185 401 415 1736 1700
2007-08 1068 1100 209 185 432 415 1709 1700
2008-09 1114 1100 173 185 414 415 1701 1700
2009-10 1117 1100 213 185 390 415 1720 1700
2010-11 1113 1100 158 185 420 415 1690 1700
2011-12 876 875 140 140 428 415 1445 1430
2012-13 727 “875 102 #140 296 415 1124 #1430
2013-14 732 875 108 140 331 415 1171 1430
2014-15 483 488 54 60 156 177 693 725
2015-16 474 488 59 60 178 177 710 725
2016-17 505 488 57 60 174 177 736 725
2017-18 485 488 46 60 117 177 647 725
2018-19 491 488 61 60 129 177 680 725

* Ministry data T FSU data. § Included in QMA 3B TAC.

# In 201213, shelving (an agreement that transfers ACE to a third party to effectively reduce the catch without adjusting the TACC)
occurred (ORH 2A 165 t, ORH 2B 34 t and ORH 3A 101 t)

There was a major change in the ORH 2A fishery in 1993-94 with a shift of effort from the main
spawning hill on Ritchie Bank to hills off East Cape. Although these hills had apparently only been
lightly fished in the past, during 1993-94 52% of the total catch from ORH 2A was taken from the East
Cape area (Table 2). This led to an agreement between industry and the Minister responsible for
fisheries that, from 1994-95, the traditionally fished areas within ORH 2A (south of 38°23', hereafter
referred to as “2A South”) would be managed separately from the new East Cape fishery (north of
38°23', “2A North”). ORH 2A South was combined with ORH 2B and ORH 3A to form the Mid-East
Coast (MEC) stock for management purposes.

The catch limits for these two areas changed several times in the following years, including a
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subdivision of 2A North (Table 3). Catches in the exploratory sub-area of 2A North never approached
the catch limit, with only 37 t being caught in 1996-97 and less in subsequent years.
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Figure 1: Reported commercial landings and TACCs for ORH 2A (Central (Gisborne)), ORH 2B (Central

(Wairarapa)), and ORH 3A (Central/Challenger/South-East (Cook Strait/Kaikoura)).

For the 2000-01 fishing year, the TACC for ORH 2A was reduced to 1100 t, that for ORH 2B to 185t,
and that for ORH 3A to 415 t. Within the TACC for ORH 2A, the catch limit for all of 2A North was
reduced to 200 t, without specifying separate catch limits for the East Cape Hills and the exploratory
area, while the catch limit for 2A South was reduced to 900 t. This gave a catch limit for the MEC stock
of 1500 t. The catch limit for MEC was reduced to 800 t (and ORH 2A South to 480 t) for the 2002-03
and 2003-04 fishing years. From 1 October 2004 there was an increase in the TACC to 1100t, 185t,
and 415t in 2A, 2B, and 3A respectively. Furthermore, an allowance of 58 t, 9 t, and 21 t, for other
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mortality was allocated to 2A, 2B, and 3A in 2004 as well.

In 2012-13 the fishing industry voluntarily shelved (an agreement that transfers ACE to a third party to
effectively reduce the catch without adjusting the TACC) approximately 25% of the MEC quota,
resulting in effective catch limits of 510t, 106 t, and 314 t for 2A South, 2B, and 3A respectively. In
2014-15 TACCs were lowered further, to 488 t, 60 t, and 177 t in 2A, 2B, and 3A respectively.
Reported commercial landings have closely followed the decreasing TACCs in all three orange roughy
stocks and totalled just 608 t in 2018-19.

Table 2: North Mid-East Coast + East Cape (ORH 2A) catches by area, in tonnes and by percentage of the total
ORH 2A catch. (Percentages up to 1993-94 and from 2007-08 calculated from Ministry data; 1994-95 to
1996-97 from NZFIB data, and 1997-98 to 2016-17 from Orange Roughy Management Co.) Mid-East
Coast (MEC) stock (ORH 2A South, ORH 2B, and ORH 3A combined) catches in tonnes.

Fishing year 2A North 2A South MEC (t)
t % t %
1983-84 0 0 162 100 7401
1984-85 4 <1 1858 99 8434
1985-86 41 1 2778 99 7971
1986-87 253 5 4934 95 8452
1987-88 36 <1 6203 99 9695
1988-89 143 2 5710 98 9377
1989-90 20 <1 6239 99 10517
1990-91 13 <1 6 051 99 9988
1991-92 18 <1 6329 99 10 099
1992-93 30 <1 5807 99 9022
1993-94 3437 52 3173 48 6563
1994-95 2921 47 3281 53 5721
1995-96 3235 76 1033 24 1890
1996-97 2491 66 1270 34 2122
1997-98 2411 63 1416 37 2240
1998-99 1901 57 1434 43 2273
1999-00 1456 47 1666 53 2517
2000-01 302 22 1083 78 1752
2001-02 186 17 901 83 1480
2002-03 173 24 546 76 886
2003-04 170 24 533 76 886
2004-05 271 24 849 76 1471
2005-06 216 20 859 80 1445
2006-07 229 20 902 80 1506
2007-08 200 24 868 76 1509
2008-09 230 21 884 79 1471
2009-10 267 24 850 76 1453
2010-11 207 19 906 81 1484
2011-12 184 21 692 79 1260
2012-13 190 26 537 74 935
2013-14 176 25 530 75 5315
2014-15 179 42 248 58 458
2015-16 186 40 280 60 466
2016-17 188 37 317 63 626
2017-18 196 41 280 59 444
2018-19 197 39 304 61 493

Table 3: Catch limits (t) by sub-area within ORH 2A, as agreed between the industry and the Minister responsible for
fisheries since 1994-95 and the catch limit for the Mid-East Coast (MEC) stock (ORH 2A South, ORH 2B,
ORH 3A combined). (Note that 2A North was split, for the years 1996-97 to 1999-2000, into the area round the
East Cape Hills and the remaining area, which is called the exploratory area). [Continued on next page]

Fishing year 2A North 2A South MEC
1994-95 3000 4000 6 660
1995-96 3000 1261 2100
1996-97 3 000* 1261 2100
1997-98 3 000* 1261 2100
1998-99 2 500* 1261 2100
1999-00 2 500* 1261 2100
2000-01 200 900 1500
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Table 3 [Continued]

Fishing year 2A North 2A South MEC
2001-02 200 900 1500
2002-03 200 480 800
2003-04 200 480 800
2004-05 200 900 1500
2005-06 200 900 1500
2006-07 200 900 1500
2007-08 200 900 1500
2008-09 200 900 1500
2009-10 200 900 1500
2010-11 200 900 1500
2011-12 200 675 1230
2012-13 200 510 930
2013-14 200 510 930
2014-15 200 288 525
2015-16 200 288 525
2016-17 200 288 525

*Catch limit for East Cape Hills including 500 t for the exploratory area.

1.2 Recreational fisheries
Recreational fishing for orange roughy is not known in this area.

1.3 Customary non-commercial fisheries
No information on customary non-commercial fishing for orange roughy is available for this area.

1.4 Illegal catch
No information is available about illegal catch in this area.

15 Other sources of mortality

There has been a history of catch overruns in this area because of lost fish and discards, particularly in
the early years of the fishery. In the assessments presented here total removals were assumed to exceed
reported catches by the overrun percentages in Table 4.

All yield estimates and forward projections presented make an allowance for the current estimated level
of overrun of 5%.

Table 4: Catch overruns (%) by QMA and year. -, no catches reported.

Year 2A (North and South) 2B 3A
1981-82 - 30 -
1982-83 - 30 30
1983-84 50 30 30
1984-85 50 30 30
1985-86 50 30 30
1986-87 40 30 30
1987-88 30 30 30
1988-89 25 25 25
1989-90 20 20 20
1990-91 15 15 15
1991-92 10 10 10
1992-93 10 10 10
1993-94 10 10 10
1994-95 and subsequent years 5 5 5

2. BIOLOGY

Biological parameters used in this assessment are presented in the Biology section at the beginning of
the Orange Roughy Introduction section.
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3. STOCKS AND AREAS

Two major spawning locations have been identified in ORH 2A, one at the East Cape Hills in
“2A North” and the other on the Ritchie Bank in “2A South”. Spawning orange roughy were located in
Wairarapa (ORH 2B) in winter 2001, but no large concentrations were found, and the significance of
this spawning event is not known. Spawning orange roughy have not been located in Kaikoura
(ORH 3A). The major spawning area in ORH 2A South, ORH 2B, and ORH 3A is still believed to be
the Ritchie Bank, although spawning aggregations were not seen here in the 2013 AQOS survey.

Results from allozyme studies showed that orange roughy from the three areas, “2A South”, Wairarapa,
and Kaikoura could not be separated, but were distinct from fish on the eastern Chatham Rise. Earlier
analyses that suggested there was a genetic stock boundary between East Cape and Ritchie Bank were
not supported by a more recent replicate sample from East Cape. For these reasons, orange roughy in
this region are currently treated as two stocks: the Mid-East Coast (MEC) stock (2A South, Wairarapa,
and Kaikoura) and the East Cape (EC) stock (2A North). The relationship between these areas and the
location of the main fishing grounds is shown in Figure 2.

4. STOCK ASSESSMENT

Stock assessments are reported below for East Cape from 2003 and for Mid-East Coast (MEC) from
2014. In 2018 there was a preliminary update of the MEC stock assessment (Cordue 2017). The stock
status and biomass trajectories from the preliminary stock assessment did not change or revise those
reported for the 2014 assessment (Cordue 2014b). Because of the similarity in results, rather than
report the preliminary results from the 2018 assessment, the 2014 assessment was retained in this
report.

4.1 East Cape stock (2A North)

The stock assessment for the East Cape was last updated in 2003 and is summarised here (Anderson
2003Db). An attempt to update the assessment with a new set of CPUE indices was made in 2006, but
was rejected by the Working Group because of changes in the fishery which invalidated the utility of
the CPUE series as an index of abundance. With no other abundance estimates available, an updated
stock assessment was not possible.

4.1.1 Assessment Inputs

A CPUE analysis was performed in 2006, but was considered unreliable because of a change in
fishing patterns and fleet size corresponding to the reduction of the catch limit to 200 t in 2000-01.
The CPUE analysis was updated in 2011 and was considered more reliable by the Working Group due
to the increase in the number of trawls per year since 2006. The 2011 analysis showed that
standardised CPUE decreased after a peak in 2003-04, and has subsequently remained at a level
similar to that in the late 1990s to early 2000s (Table 5).

Previous concerns by the Working Group that the fishery was dominated by a single vessel were
alleviated somewhat by the return or entry of three other vessels to the fishery since 2003-04, but the
utility of CPUE analyses in fisheries where substantial catch limit reductions have caused major
changes in fishing patterns remains an issue for this stock.

The model inputs for the 2003 stock assessment were catches, an egg survey, and CPUE indices
(Table 5). The biological parameters used are presented in the Biology section at the beginning of the
Orange Roughy section.

4.1.2 Stock assessment
A stock assessment analysis for the East Cape stock was performed in 2003 using the stock
assessment program, CASAL (Bull et al 2002) to estimate virgin and current biomass.

e The model was fitted using Bayesian estimation and partitioned the EC stock population by sex,
maturity (the fishery was assumed to act on mature fish only) and age (age-groups used were 1—

839



ORANGE ROUGHY (ORH 2A, 2B, 3A)

70, with a plus group).

The model estimated virgin biomass, Bo, and the process error for the CPUE indices.
Catchability, g, was treated as a nuisance parameter by the model.

The stock was considered to reside in a single area, and to have a single maturation episode
modelled by a logistic-producing ogive where 50% of fish of both sexes were mature at age 26
and 95% at age 29.

The catch equation used was the instantaneous mortality equation from Bull et al (2002)
whereby half the natural mortality was applied, followed by the fishing mortality, then the
remaining natural mortality.

The size at age model used was the von Bertalanffy.

No stock recruitment relationship was assumed.

A Bayesian estimation procedure was used with a penalty function included to discourage the
model from allowing the stock biomass to drop below a level at which the historical catch could
not have been taken.

Lognormal errors, with known (sampling error) CVs were assumed for the CPUE and egg
survey indices. Additionally, process error variance was estimated by the model and added to
the CVs from the CPUE indices.

Confidence intervals were calculated from the posterior profile distribution of B, estimates,
where the process error parameter was fixed at the value previously estimated.
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Table 5: Standardised CPUE and egg survey indices, and CVs for the East Cape stock, as used in the 2003
assessment, and an updated standardised CPUE index derived in 2011. -, no data.

1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-00
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10

413

CPUE index 2003

Biomass estimates

1.00
0.69
0.60
0.41
0.25
0.25
0.22
0.21
0.22

CV(%)

12
8

© N~ 0o

Egg survey

29 000

CV(%)

69

CPUE index 2011  CV(%)
0.95 23
0.76 22
0.61 23
0.47 22
0.27 23
0.28 23
0.23 23
0.28 26
0.23 27
051 32
0.50 30
0.29 27
0.37 28
0.36 29
0.27 28
0.24 28
0.20 27

Biomass estimates for this stock are given in Table 6 and the biomass trajectories, plotted against the
scaled indices, are shown in Figure 3. The base case assessment of the EC stock included only the
CPUE indices. An alternative assessment was carried out including the point estimate of biomass from
the 1995 egg survey along with the CPUE indices. The CPUE indices agree well with the biomass
estimates, with only the 1993-94 and 1997-98 indices departing from the biomass 95% confidence
intervals. The egg survey biomass estimate, with the large associated CV, has little effect on the biomass

trajectory.

Table 6: Estimates of virgin biomass (Bo), Bwmsy (calculated as Bwmay, the mean biomass under a CAY policy), and
B 2003, for the EC stock (with 95% confidence intervals in parentheses).

Assessment
Base case
Alternative

Index
CPUE
CPUE + Egg survey

Bo ()

21100 (19 650-23 350)
21200 (19 700-23 550)

B 2003

Bwmsy (t) () % Bo
6 300 5100 24 (20-32)

6 380 5200 25 (20-33)

The base case estimate of Bcuwenr (the mid-year biomass in 2002-03) is 5100t (24% Bo) with a 95%
confidence interval of 3800 to 7550 t. This is almost twice the value of B, estimated for mid-year
1999-2000 in the previous assessment (Anderson 2000). The alternative assessment gives a very similar

estimate of B ;.
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Figure 3: Estimated biomass trajectories for the base case and alternative model runs for the EC stock. Annual biomass
estimates are mean posterior density (MPD) values and 95% confidence intervals (grey dashed lines) are
calculated from the posterior profile distribution of Bo estimates. The CPUE index CVs (sampling error plus
process error) are shown, as is the CV calculated for the egg survey biomass estimate.
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4.1.4 Yield estimates and projections

Estimates of MCY and CAY for the EC stock were calculated from large numbers of simulation runs
using posterior profile sampling of Bo and a series of trial harvest levels. These estimates, together with
MAY (the mean catch with a CAY harvesting strategy) and CSP (current surplus production) are given in
Table 7. CSP is driven by recruitment of fish spawned before the fishery began.

Table 7: Estimates of MCY, CAY, MAY, and CSP for the EC stock, with 95% confidence intervals in parentheses (all
corrected for an assumed overrun of 5%).

Assessment MCY (1) CAY (t) MAY (t) CSP (t)
Base case 350 370 410 550
Alternative 350 370 410 550

4.2 Mid-East Coast stock (2A South, 2B, 3A)
There was no new information available that would change the accepted stock definition of the MEC
orange roughy stock i.e. comprising ORH 2A South, ORH 2B, and ORH 3A.

The Mid-East Coast (MEC) stock assessment was updated in 2014 using the methods common to the
four assessments performed in 2014 (see Orange Roughy Introduction). The previous model based
assessment was in 2013 but that assessment used data which did not meet the quality threshold
applied in 2014 (i.e., CPUE indices, wide-area acoustic survey and egg-survey estimates). In 2014, an
age-structured population model was fitted to the data described in Section 4.2.2 below.

4.2.1 Model structure

The model was single-sex and age-structured (1-120 years with a plus group) with maturity in the
partition (i.e., fish were classified by age and as mature or immature). A single area and a single time
step were used with two year-round fisheries defined by different selectivities (a “southern” fishery
catching young fish (double-normal selectivity) and a “northern” fishery catching older fish (logistic
selectivity). The spawning season was assumed to occur after 75% of the mortality and 100% of
mature fish were assumed to spawn each year.

The catch history was constructed from the catches in Tables 1 and 2, adding the catch over-run
percentages in Table 4. The northern fishery combined catches from ORH 2A South and ORH 2B,
and the southern fishery used ORH 3A. Natural mortality was assumed to be fixed at 0.045 and the
stock-recruitment relationship was assumed to follow a Beverton-Holt function with steepness of
0.75. The remaining fixed biological parameters are given in the Orange Roughy Introduction.

4.2.2 Input data and statistical assumptions

There were three main data sources for observations fitted in the assessment: a spawning biomass
estimate from an acoustic survey (2013); a trawl-survey time series of relative biomass indices (1992—
1994, 2010) with associated length frequencies (1992, 1994), and age frequencies and estimates of
proportion spawning at age (1993, 2010); and length and age frequencies collected from the
commercial fisheries, including four spawning-season age frequencies (1989-1991, 2010).

Research surveys

The MEC area has been surveyed using acoustic and trawl methods, and egg surveys have also been
conducted. Not all survey data have been used in the 2014 assessment. The egg survey estimates have
some quality issues associated with them; the 1993 survey data were post-stratified and “corrected”
for turn-over of fish (Zeldis et al 1997). The 1993 egg-survey estimate was used in the 2013
assessment but was not considered to be reliable enough for the 2014 assessment (which had a higher
“quality threshold”). Similarly, the wide-area acoustic survey estimates from 2001 and 2003 (Doonan
et al 2003, 2004a) were rejected in 2014 as being not sufficiently reliable (in particular, the biomass
estimates primarily came from mixed species marks and “orange roughy” marks identified
subjectively; rather than being from easily identified spawning plumes).
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Trawl survey data

A time series of pre-spawning season, random, stratified, trawl surveys were conducted in March—
April on RV Tangaroa in 1992-94 and 2010 (Grimes et al 1994, 1996a, 1996b; Doonan & Dunn
2011). The 2010 survey was specifically designed to be comparable with the earlier surveys and to
produce an abundance index for the MEC home grounds (Doonan & Dunn 2011). In addition to the
relative biomass indices (Table 8), the survey data were analysed to produce length frequencies from
all years and age frequencies from 1993 and 2010 (Doonan et al 2011). Also, estimates of female
proportion spawning at age were produced for the 1993 and 2010 surveys (lan Doonan, pers. comm.).

Table 8: Biomass indices and CVs used in the stock assessment.

Acoustic

Year Trawl index (t) CV (%) index (t) CV (%)
1992 20 838 29

1993 15102 27

1994 12 780 14

2010 7074 19

2011

2012

2013 4225 20

The biomass indices were fitted as relative biomass with a double-normal selectivity (it is apparent
that the trawl survey did not fully select the largest/oldest fish) and an uninformed prior on the
proportionality constant (g). The length frequencies from 1992 and 1994 were fitted as multinomial,
as were the age frequencies from 1993 and 2010 (length frequencies from 1993 and 2010 had been
used in the production of the age frequencies). The proportion spawning at age was assumed binomial
at each age. Effective sample sizes were all taken from the 2013 assessment (Cordue 2014).

Acoustic survey estimate

The only reliable acoustic estimate of spawning biomass for MEC came in 2013 when a multi-
frequency “AOS” survey was conducted (acoustic and optical gear mounted on the trawl headline,
e.g., see Kloser et al 2011). Four areas were visited in 2013 but the only substantial spawning plume
was seen in the “Valley” (a known spawning site near Ritchie Bank). Four snapshots were taken and
the estimates from 38 kHz were averaged to produce a biomass index (Table 8).

The “standard” assumption in the 2014 stock assessments, for acoustic estimates from spawning
plumes, is that they collectively cover “most” of the spawning biomass where “most” is taken to be
80%. However, for MEC, only one spawning plume was found and it was in a very small area. There
are many potential sites in the MEC for spawning plumes. For these reasons, “most” was taken to be
60% in the base model (and sensitivities were done at 40% and 80%). That is, the acoustic estimate
was fitted as relative biomass with an informed prior: lognormal (mean = 0.6, CV = 19%) for the base
model.

Commercial age and length frequencies

As in 2011 and 2013, composition data were also used: length frequency samples from the northern
commercial fishery (ORH 2A South and ORH 2B) for 16 years between 1988-89 and 2009-10, and
from the southern commercial fishery (ORH 3A) for nine years between 1989-90 and 2008-09, and age
frequency samples from commercial landings of the spawning fishery in ORH 2A south in 1989, 1990,
1991. The otoliths from the 1989-91 samples were re-aged for the 2013 assessment using the new
ageing protocol (Tracey et al 2007). In addition, age samples taken from a single vessel in the 2010
spawning season were also used. These had been aged with the new protocol but because they were
from a single vessel and a fishery 20 years later than in 1990 the age frequency was fitted with its own
selectivity. The age frequencies from 1989-91 were assumed to be from spawning fish (i.e., no
selectivity fitted). The composition data were all assumed to be multinomial and effective sample sizes
from the 2013 assessment were used (except that the southern fishery length frequencies were down-
weighted following the iterative reweighting procedure of Francis (2011)).
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4.2.3 Model runs and results

In the base model, natural mortality (M) was fixed at 0.045. There were numerous MPD sensitivity
runs and six main sensitivities are presented in this report: estimate M; down-weight the trawl indices;
separate selectivity for spawning age frequencies; mean acoustics q prior = 0.4; and the LowM-Highq
and HighM-Lowq *standard” runs (see Orange Roughy Introduction).

In the base model, the main parameters estimated were: virgin biomass (Bo), the maturity ogive, the
two fishery selectivities, the trawl survey selectivity, the 2010 age frequency selectivity, and year
class strengths (YCS) from 1881 to 1996 (with the Haist parameterisation and “nearly uniform” priors
on the free parameters). Additional estimated parameters included the CV of the length-at-age
parameters and the proportionality constants (gs)for the trawl survey time series and the 2013
acoustics estimate.

Model diagnostics

The MPD fits to the biomass indices were excellent (Figure 4), although the MCMC fit was only just
adequate for the trawl survey indices, particularly to the 2010 index (Figure 5). The poorer MCMC fit
to the 2010 trawl index when compared to the MPD fit occurred because the MPD pattern of YCS did
not match the posterior distribution of the same quantities, showing much greater year-to-year
variation than seen in the MCMC posterior (Figure 6). This result highlights the difference between
MPD estimates and MCMC estimates: the MPD finds the single vector of parameters which give the
best fit to the data, while the MCMC procedure finds the parameter space that best explains the data.
There is no reason why the MPD has to be in the “middle” of the posterior distribution, here we have
an example where the MPD estimates are in the tail of the posterior distribution.

The MCMC fit to the acoustics index had also degraded when compared to the MPD fit (see Figures 4
and 5), as well as estimating a lower acoustics g (Figure 7). The cause of this is the same as for the
2010 trawl index; the MPD spawning biomass trajectory almost exactly matched the 2013 acoustic
estimate but, given the less variable MCMC YCS trajectory, the resulting MCMC biomass trajectory
was shifted higher (and the acoustic g shifted lower to compensate).
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Figure 4: MPD fit to biomass indices: left: acoustic-survey spawning biomass index (fitted with an informed q prior,
mean = 0.6; MPD estimated q = 0.59); right: Tangaroa trawl-survey indices. Vertical lines are 95% Cls.
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The MPD fits to the commercial length frequencies were adequate (Figures 8 and 9). They could
never be very good because the length frequencies show a great deal of year-to-year variability, as
evidenced by the annual mean lengths (Figure 10). The model predictions of annual mean length are
necessarily fairly smooth from year-to-year; as they are only able to track the main trend but not the
annual jumps (Figure 10).
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The MPD fits to the trawl-survey length frequencies and estimates of proportion spawning at age are
good (Figure 11). It is notable that the model fits the different shape of the proportion spawning
estimates in 1993 and 2010 (Figure 11). The spawning-season age frequencies are only adequately
fitted (Figure 12). There is a misfit for the young ages (except for 2010 which had its own selectivity)
as these data compete with the proportion spawning-at-age data to define the maturity ogive (see
Figure 11 — young fish are spawning according to the proportion spawning data). In response to the
misfit in Figure 12, a sensitivity run was done where the 1989-91 spawning age frequencies were
allowed to have a logistic selectivity. This improved the fit substantially and raised the model estimate
of the 2014 stock status from 14 to 17% Bo. However the base model was preferred, to be consistent
across the four orange roughy stocks assessed in 2014, with the maturity ogive used to define the
spawning-season selectivity and age frequencies.

The fit to the trawl-survey age frequencies is excellent, which should be expected given the large
effective sample size of N = 200 (Figure 13). A number of sensitivity runs were done with alternative
data weighting, including down-weighting the trawl-survey age frequencies, which demonstrated that
the model was robust to a wide range of assumptions. For example, the only runs that made a
substantial difference to the MPD estimates of stock status were doubling the acoustic index (10.2%
Bo compared to the base estimate of 6.5% Bo) and assuming deterministic recruitment (25.8% Bo); the
other 16 runs had MPD estimates in the range 4-9% By.
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Figure 11: Base, MPD fits to trawl-survey length frequencies (N is the assumed effective sample size in the given year)
and proportion spawning-at-age (N =10 is the binomial sample size assumed for each age). Observations are
black lines; model predictions are the red lines.

MCMC results

MCMC convergence diagnostics were very good for the base model and sensitivities. Virgin biomass
(Bo) was estimated to be about 100 000 t for all runs (Table 9). Current stock status was similar for
the base and the estimate-M run (Table 9). The slightly lower stock status when M was estimated
reflects the lower estimate of M (0.032 rather than 0.045). Down-weighting the trawl indices (by
adding process error CV of 20%) reduced the magnitude of the normalised residuals and raised the
median estimate of 2014 stock status from 14 to 16% B, (Table 9). Giving the 1989-91 spawning age
frequencies a selectivity improved the fit to younger age fish, decreased the estimate of By from
95 000 t to 91 000 t and increased estimated stock status from 14 to 17% By (Table 9). The reduction
in the mean of the acoustic g from 0.6 to 0.4 increased the median estimate of stock status to 19% By,
848



ORANGE ROUGHY (ORH 2A, 2B, 3A)

but the median estimate was still below the soft limit (Table 9). The two “bounding runs” where M
and the mean of the acoustic q were shifted by 20%, still had median estimates under the soft limit,
with the “LowM-Highqg” run at the hard limit (Table 9). Other sensitivities not reported here included
several where the effective sample size on age frequencies was appreciably increased or decreased; in
all cases, this had little impact on the estimates of stock status.
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Figure 12: Base, MPD fit to spawning-season age frequencies (N is the assumed effective sample size in the given
year). Observations are black lines; model predictions are the red lines.
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Table 9: MCMC estimates of virgin biomass (B0) and stock status (B2014 as %B0) for the base model, and the six
following sensitivity runs: a) estimating natural mortality; b) down-weighting the trawl indices by adding
20% process error to the CV; c) adding a selectivity to spawning age frequencies for 1989-91; d) reducing
the mean acoustic catchability coefficient, g, from 0.6 to 0.4; e) decreasing M and increasing acoustic q by
20%; and f) increasing M and decreasing acoustic q by 20%.

Assessment M B0 (000 t) 95% ClI B2014 (%B0) 95% ClI
Base model 0.045 95 87-104 14 9-21
a) Estimate M 0.032 104 96-112 11 7-16
b) Down-weight trawl 0.045 97 88-108 16 11-22
c) Spawn AF selectivity 0.045 91 83-102 17 12-24
d) Mean aco. q = 0.4 0.045 100 92-112 19 13-26
e) LowM-Highqg 0.036 96 90-103 10 7-15
f) HighM-Lowq 0.054 99 89-114 19 13-27

The estimated fishery selectivities showed the northern fishery taking fish over 30 years with the
southern fishery primarily taking fish from 20-40 years (Figure 14). The trawl-survey selectivity
primarily sampled fish from 10-70 years with peak selection from 20-30 years (Figure 14). The 2010
age frequency appears to have been a subset of spawning fish focussed on those from about 50-90

years (Figure 14).
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Figure 14: Base, MCMC estimated selectivities (northern and southern fisheries, the trawl survey, and the 2010 age
frequency). The box at each age covers 50% of the distribution and the whiskers extend to 95% of the
distribution.

The estimated YCS show strong variation across cohorts and exhibit a long-term trend, with
recruitment well below average since the early 1970s (Figure 15). The most recent 10 years of
estimates, 1986-1995 (those resampled for short-term projections) are well below average.

The stock status trajectory shows an increasing trend before the start of fishery as the above average
recruitment estimated by the model feeds into the spawning biomass (Figure 16). Then there is a steep
decline from the start of fishery until the year 2000 when the biomass reached 10% By, after which
there was a slow increase (Figure 16).

Fishing intensity was estimated in each year for each MCMC sample to produce a posterior
distribution for fishing intensity in each year. Fishing intensity is represented in terms of the median
exploitation rate and the Equilibrium Stock Depletion (ESD). For the latter, a fishing intensity of
Uxweo means that fishing (forever) at that intensity will cause the SSB to reach deterministic
equilibrium at x% By (e.g., fishing at Usowgo drives the SSB to a deterministic equilibrium of 30%
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Bo). Fishing intensity in these units is plotted as 100-ESD so that fishing intensity ranges from 0
(U100we0) Up to 100 (Uoweo)-

Estimated fishing intensity was above the target range (Usowso—Ua0%s0) from 1984 to 2012 (Figure
17). In the last two years, fishing intensity has decreased to within the target range.
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Figure 15: Base, MCMC estimated “true” YCS (Ry/Ro). The box in each year covers 50% of the distribution and the
whiskers extend to 95% of the distribution.
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Figure 16: Base, MCMC estimated spawning-stock biomass trajectory. The box in each year covers 50% of the
distribution and the whiskers extend to 95% of the distribution. The hard limit, 10% Bo (red), soft limit,
20% Bo (blue), and biomass target range, 30-40% Bo (green) are marked by horizontal lines.
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Figure 17: Base, MCMC estimated fishing-intensity trajectory. The box in each year covers 50% of the distribution
and the whiskers extend to 95% of the distribution. The fishing-intensity range associated with the biomass
target of 30-40% Bo is marked by horizontal lines.

Biological reference points, management targets and yield

MCMC estimates of deterministic Busy and associated values were produced for the base model. The
yield at 35% By (the mid-point of the target range) was also estimated. There is little variation in the
reference points and associated values across the MCMC samples (Table 10).

There are several reasons why deterministic Busy is not a suitable target for use in fisheries
management. First, it assumes a harvest strategy that is unrealistic in that it involves perfect
knowledge (current biomass must be known exactly in order to calculate the target catch) and annual
changes in TACC (which are unlikely to happen in New Zealand and not desirable for most
stakeholders). Second, it assumes perfect knowledge of the stock-recruit relationship, which is often
poorly known. Third, it would be very difficult with such a low biomass target to avoid the biomass
occasionally falling below 20% By, the default soft limit according to the Harvest Strategy Standard.

Table 10: Base, MCMC estimates of deterministic equilibrium spawning stock biomass (SSB) and long-term yield (%
Bo and tonnes) for Umsy and Ussxso. The equilibrium SSB at Uwmsy is deterministic Bmsy and the yield is
deterministic MSY.

Fishing intensity SSB (%Bo) Yield (%Bo) Yield (t)
Unwisy Median 225 2.3 2214
95% ClI 21.8-23.0 2.3-24 2048-2415
U 35080 Median 35.0 2.2 2075
95% CI 35.0-35.0 2.2-22 1916-2264

Projections

Five year projections were conducted (with resampling from the last 10 estimated YCS) for catch at
the current catch limit of 930 t (with a 5% catch over-run assumed). Projections were done just for the
base model. At the current catch limit (930 t), SSB is predicted to increase slowly over the next five
years but still be well below the soft limit in 2019 (Figure 18). The estimated minimum time to
rebuild (assuming zero catch and requiring a 70% probability of being above the lower bound of the
30-40% By, target range), is 21 years (Tmin) (Figure 19).

852



ORANGE ROUGHY (ORH 2A, 2B, 3A)

50

30 40

SSB (%B0)
|

20

I

I

10

T T T T T T T T T T T
2014 20145 2015 20155 2016 20165 2017 20175 2018 20185 2019

Fishing year

Figure 18: Base, MCMC projections. The box in each year covers 50% of the distribution and the whiskers extend to
95% of the distribution. An annual catch at the current catch limit of 930 t was assumed (with a 5% catch
over-run in each year). The target range (30-40% Bo) is indicated by horizontal green lines, with the soft
limit (20% Bo) in blue and the hard limit (10% Bo) in red.
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Figure 19: Base, MCMC projections. The box in each year covers 50% of the distribution and the whiskers extend to
95% of the distribution. The annual catch used in these projections is zero tonnes. The target range (30-
40% Bo) is indicated by horizontal green lines, with the soft limit (20% Bo) in blue and the hard limit (10%
Bo) in red.
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5.

Stock Structure Assumptions

STATUS OF THE STOCKS

Orange roughy in ORH 2A, 2B and 3A are treated as two biological stocks based on the location of
spawning grounds. These stocks are managed and assessed separately however some mixing has been
shown to occur. The 2A North stock spawns around the East Cape hills off of the North Island. The
2A South, 2B and 3A stock is assumed to spawn on the Ritchie Bank.

For orange roughy stocks, the current management target is a biomass range from 30-40% Bo.

* ORH East Cape Stock (2A North)

Stock Status

Year of Most Recent Assessment

2003

Assessment Runs Presented

A base case with one alternative

Reference Points

Management Target: 30-50% B,
Soft Limit: 20% B,

Hard Limit: 10% Bo
Overfishing threshold:-

Status in relation to Target

B2oos Was 24% By, which was Unlikely (< 40%) to be at or
above the target.

Status in relation to Limits

B2ooz was Unlikely (< 40%) to be below the Soft Limit, and
Very Unlikely (< 10%) to be below the Hard Limit

Historical Stock Status Trajectory and Current Status

30

Biomass ('000 t)
20

10

=]
o

Estimated biomass trajectory for the base model run for the EC stock. Annual biomass estimates are mean posterior
density (MPD) values and 95% confidence intervals (grey dashed lines) are calculated from the posterior profile
distribution of Bo estimates. The CPUE index CVs (sampling error plus process error) are shown.

a93-94 -

b = Baze case
¢ = CPUE index

94-95
9596
96-97
9798 o
02-03 1

Fishery and Stock Trends

Recent Trend in Biomass or Proxy

Biomass declined in the early 1990s but appeared to
stabilise at around 5000 t.

Recent Trend in Fishing Mortality or
Proxy

F has declined along with the agreed catch limit and
remains stable at the current catch level of 200 t.

Other Abundance Indices

Trends in Other Relevant Indicators
or Variables
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Projections and Prognosis (2003)

Stock Projections or Prognosis

The estimated CAY (370 t) and MAY (410 t) were both greater
than the catch limit of 200 t, and this suggested the stock would
start to rebuild.

Probability of Current Catch or
TACC causing Biomass to remain
below or to decline below Limits

Soft Limit: Unlikely (< 40%)
Hard Limit: Very Unlikely (< 10%)

Probability of Current Catch or
TACC causing Overfishing to
continue or to commence

Assessment Methodology and Eval

uation

Assessment Type

Level 1 — Full Quantitative Stock Assessment

Assessment Method

Statistical catch-at-age model implemented in CASAL with
Bayesian estimation of posterior distributions

Assessment Dates

Latest assessment: 2003 | Next assessment: Unknown

Overall assessment quality rank

Main data inputs - Catch data
- Standardised CPUE
data
- 1994-95 ORH eqgg
survey

Data not used (rank) -

Changes to Model Structure and
Assumptions

Major Sources of Uncertainty

Qualifying Comments

The most recent assessment (2003) is now 11 years out-of-date. In recent years, the ability of stock
assessment models that assume deterministic recruitment for orange roughy stocks to reflect current
or projected stock status has been called into question.

Fishery Interactions

The main bycatch species are cardinalfish and alfonsino. Low productivity bycatch species include
deepwater sharks, deepsea skates and corals. Protected species bycatch includes seabirds and corals.

ORH Mid-East Coast Stock (2A South, 2B, 3A)

Stock Status
Year of Most Recent Assessment 2014
Assessment Runs Presented Base model

Reference Points

Management Target: Biomass range 30-40% B

Soft Limit: 20% Bog

Hard Limit: 10% Bo

Overfishing threshold: Fishing intensity range U sowso—U s0%80

Status in relation to Target

B2o14 Was estimated to be 14% Bo
Very Unlikely (< 10%) to be at or above the lower end of the
management target range

Status in relation to Limits

B2o14 is Likely (> 60%) to be below the Soft Limit
Baoia is Unlikely (< 40%) to be below the Hard Limit

Status in relation to Overfishing

Fishing intensity in 2014 was estimated at U ssugo
Overfishing is About as Likely as Not (40-60%) to be
occurring
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Historical Stock Status Trajectory and Current Status
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Historical trajectory of spawning biomass (%Bo), median exploitation rate (%) and fishing intensity (100-ESD) (base
model, medians of the marginal posteriors). The biomass target range of 30-40% Bo and the corresponding
exploitation rate (fishing intensity) range are marked in green. The soft limit (20% Bo) is marked in blue and the
hard limit (10% Bo) in red. Note that the Y-axis is non-linear.

Fishery and Stock Trends

Recent Trend in Biomass or Proxy

Estimated spawning biomass has been slowly increasing since
about 2000.

Recent Trend in Fishing Intensity or
Proxy

Estimated fishing intensity has been declining in recent years.

Other Abundance Indices

Trends in Other Relevant Indicators
or Variables

Trends in Other Relevant Indicators
or Variables

Projections and Prognosis

Stock Projections or Prognosis

At the current catch limit, the stock is projected to increase
slowly over the next 5 years but still be below the soft limit in
2019. The minimum rebuild period to reach 30% B, with 70%
probability is estimated to be 21 years with no catch.

Probability of Current Catch or
TACC causing Biomass to remain
below or to decline below Limits

For the current catch and catch limit (in the short term):
Soft Limit: Very Likely (> 90%)
Hard Limit: Unlikely (< 40%)

Probability of Current Catch or
TACC causing Overfishing to
continue or to commence

For the current catch and catch limit;:
As Likely as Not (40-60%)
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Assessment Methodology and Evaluation

Assessment Type Level 1 - Full Quantitative Stock Assessment

Assessment Method Age-structured CASAL model with Bayesian estimation of
posterior distributions

Assessment Dates Latest assessment: 2014 | Next assessment: 2022

Overall assessment quality rank 1 — High Quality

Main data inputs (rank) - Acoustic biomass estimate (2013) 1 - High Quality

- Trawl-survey biomass indices (1992-94,
2010), age frequencies (1993, 2010), length
frequencies (1992, 1994), proportion 1 - High Quality
spawning at age (1993, 2010)

- Spawning-season age frequencies (1989-

91, 2010) 1 - High Quality
- Commercial length-frequencies (1989-90
to 2009-10) 1 — High Quality
Data not used (rank) - CPUE indices 3 — Low Quality: unlikely to be
indexing stock-wide abundance
- 2002 spawning-season 2 — Medium or Mixed Quality:
age frequency needs to be re-aged
2 — Medium or Mixed Quality: too
- Wide-area acoustic much potential bias due to target
estimates identification and mixed species
issues
2 — Medium or Mixed Quality: too
- Egg survey estimates much potential bias due to survey
design assumptions not being
meet
Changes to Model Structure and A more stringent data quality threshold was imposed on data
Assumptions inputs (e.g., wide-area acoustics, egg survey, and CPUE indices
not used).
Major Sources of Uncertainty - The proportion of the spawning stock biomass that was

indexed by the 2013 acoustic survey (little survey effort has
been expended in this area relative to other orange roughy
grounds).

- Patterns in year class strengths are based on only 5 years of
age composition data.

Qualifying Comments

Estimates of stock biomass are sensitive to the means of the g priors. In addition, when higher CVs
were used for the informed acoustic g priors, the median estimates of biomass and stock status were
slightly higher and the confidence intervals were wider with a much higher upper bound.

Fishery Interactions

Fish bycatch is estimated to make up about 20% of the total catch in this fishery. The main bycatch
species are alfonsino, smooth oreo and hoki. Low productivity bycatch species include deepwater
sharks, deepsea skates and corals. Observed incidental captures of protected species include corals,
low numbers of seabirds and a New Zealand fur seal. Orange roughy are caught using bottom trawl
gear. Bottom trawling interacts with benthic habitats.
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1. FISHERY SUMMARY

11 Commercial fisheries

Fisheries outside the EEZ in the New Zealand region occur on ridge systems and seamount chains in
the Tasman Sea and southwest Pacific Ocean. There are five main fishing areas: Lord Howe Rise,
Northwest Challenger Plateau, West Norfolk Ridge, South Tasman Rise, and Louisville Ridge (see
figure above).

The first orange roughy fishery outside the EEZ developed on the “Westpac Bank” close to the main
fishing grounds on the southwest Challenger Plateau in the early—mid 1980s. Catches were recorded
as part of the straddling stock crossing into ORH 7A, and therefore excluded from this chapter, up
until 2007. Further exploration in the region resulted in the development of commercial fisheries on
the Lord Howe Rise in 1987-88, Northwest Challenger Plateau in 1988-89, Louisville Ridge in
1993-94, South Tasman Rise in 1997-98, and West Norfolk Ridge in 2001-02. Catches from all of
these fisheries are tabulated by fishing year up to 2006-07, excluding Westpac catches (Table 1), and
by calendar year from 2007 to present (Table 2), as required by the South Pacific Fisheries
Management Organisation (SPRFMO).

Table 1: Estimated catches (t) of orange roughy for ORH ET fisheries from 1987-88 to 2006-07. (Data from New
Zealand (FSU, QMS), Australia (AFMA), and various sources for other countries. Note that the fishing year
for South Tasman Rise is March to February, all others are October to September). See Table 2 for
catches from 2007 onwards.

Fishingyear Lord Howe NW Challenger Louisville West Norfolk  South Tasman Total ET

1987-88 4000 5 0 0 0 4005
1988-89 2430 297 0 0 0 2727
1989-90 927 425 0 0 0 1352
1990-01 282 123 0 0 0 405
1991-02 859 620 0 0 0 1479
1992-03 2300 2463 0 0 0 4763
1993-04 840 1731 689 0 0 3260
1994-05 761 1138 13 252 0 0 15151
1995-06 5 500 8 816 0 0 9321
1996-07 139 332 3209 0 5 3685
1997-08 26 397 1404 0 3930 5757
1998-09 440 961 3164 0 705 5270
1999-00 52 473 1369 0 4110 6 004
2000-01 428 1228 1598 10 830 4094
2001-02 120 2075 1004 649 170 3729
2002-03 272 1010 1296 94 110 2782
2003-04 324 654 1419 90 3 2490
2004-05 430 464 1510 277 55 2736
2005-06 240 201 675 727 12 1855
2006-07 40 96 323 552 0 1011
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Catch totals include data from New Zealand and Australian vessels available from tow by tow fishing
records, with estimated catches added for vessels from Japan, USSR, Korea, Norway, South Africa
and China. Catch statistics are likely to be incomplete.

These fisheries were historically unregulated, with the exception of the South Tasman Rise area,
where catches by Australian and New Zealand vessels have at times been restricted by a TAC
imposed under a Memorandum of Understanding between the two countries. The South Tasman Rise
fishery is currently closed.

South Pacific Regional Fisheries Management Organisation (SPRFMO) Convention Area
Regulation of these fisheries was implemented following adoption of the SPRFMO interim measures
in May 2007, and specific high sea fishing permits for the SPRFMO Area have been issued since
2007-08. Table 2 shows the number of New Zealand vessels that fished and their orange roughy catch
by area. Since 2007, an orange roughy catch limit has been applied for New Zealand vessels, being
the average annual catch between 2002 and 2006 (1852 t). Australia implements analogous limits for
its vessels based on average catches between 2002 and 2006, and no other nations are currently
fishing.

Table 2: Annual catch (t) and effort data for orange roughy from New Zealand vessels for the SPRFMO Area
(calendar years). Westpac Bank is on the Challenger Plateau but is considered part of the straddling stock
ORH 7A so landings from that area are tabulated separately. Australian catches over this period, mostly
from the Tasman Sea, ranged from 0 to 148 t, mean 46 t per annum). No other nations fished.

Number Number NW West All
Year of Vessels of tows Lord Howe Challenger Westpac  Louisville Norfolk Other areas
2007 8 415 34 36 - 280 515 - 866
2008 4 208 380 31 - - 426 - 837
2009 6 545 403 238 23 - 233 31 928
2010 7 1170 385 415 5 584 79 6 1474
2011 7 1158 1 675 5 285 113 - 1079
2012 6 652 121 247 8 288 49 8 721
2013 5 760 344 230 3 565 19 3 1164
2014 5 403 79 57 54 754 - 54 998
2015 5 959 157 530 118 462 20 - 1287
2016 6 943 208 486 234 27 - - 954
2017 5 1423 215 307 129 420 22 - 1093
2018 6 858 180 399 569 81 5 - 1232

The SPRFMO Convention was closed for signature in January 2011 and formally entered into force in
August 2012. Since that time, monitoring and assessment of catches and fisheries, including for
orange roughy, has been overseen by the SPRFMO Scientific Committee.

South Tasman Rise

Exploratory fishing south of Tasmania located aggregations of orange roughy on the South Tasman
Rise just outside the Australian Fishing Zone (AFZ) in late 1997. The fishery rapidly increased in the
next four years (Table 3), with Australian and New Zealand vessels working several small hill
features on the Rise. However, New Zealand vessels have not fished the South Tasman Rise since
2000-01. Effort dropped continuously from 2001-02, and mean catch per tow in 2004-05 was about
1 t/tow. Note that insufficient vessels have fished since 2005-06 to enable presentation of catch or
effort summaries.

Table 3: Catch and effort data from the South Tasman Rise (combined Australian and New Zealand data).

Fishing year Number  Total recorded Mean tow Mean catch Mean catch
of tows catch (t) length (h) rate (t/tow) rate (t/h)
1996-97 61 4 0.6 0.1 0.5
1997-98 1132 3930 0.7 35 17.4
1998-99 1332 1705 0.6 13 10.4
1999-00 1086 3360 0.5 31 21.1
2000-01 1155 830 0.4 0.7 6.7
2001-02 201 170 0.8 1.0 35
2002-03 164 110 0.5 0.9 7.9
2003-04 67 2 0.3 0.1 0.4
2004-05 47 55 0.3 1.2 14.7
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The fishery was formally regulated by a Memorandum of Understanding between Australia and New
Zealand from December 1998. A precautionary TAC of 2100 t was applied, increased to 2400 t in
2000-01, and then progressively reduced to 600 t for 2004-05. The fishery was closed to all trawling
in 2007.

1.2 Summary of trends in commercial fisheries

Information presented to the SPRFMO Scientific Committee shows that New Zealand catches of
orange roughy have declined since the early 2000s and have been relatively stable at about 1000 t
since about 2006 (Figure 1). This is well below the catch limit of 1 852 t. The distribution of catches
between areas has varied substantially.
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Figure 1: Reported catch by area by New Zealand vessels, 2002-2016.

Catch rates have varied considerably. Roux and Edwards (2017) developed a spatially-disaggregated
CPUE index of stock abundance that corrects for some of the known issues with CPUE for orange
roughy (Figure 2). This index shows less variability between years than unstandardized or standard
GLM modelled-CPUE, but it is still not known whether it indexes biomass.

13 Recreational fisheries
There is no non-commercial fishery for orange roughy in these areas.

14 Customary non-commercial fisheries
There is no customary non-commercial fishing for orange roughy in these areas.

15 Illegal catch

In most of these areas, there were no regulations regarding limits on catch in international waters
before 2007. The South Tasman Rise region has been subject to catch restrictions for Australian and
New Zealand vessels under a Memorandum of Understanding between the two countries. In 1999-
2000 vessels registered in South Africa and Belize fished the region. The estimated catch of at least
750 t has been included in the catch total for that year. No other information is available on any
possible illegal catch on the South Tasman Rise, or the Westpac Bank part of ORH 7A.
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Figure 2: Spatial CPUE indices from Roux & Edwards (2017) for the six orange roughy management areas
considered in stock assessments presented to the SPRFMO Scientific Committee in 2017, with annual catch
series (histograms).

1.6 Other sources of mortality

There may be some overrun of reported catch because of fish loss with trawl gear damage, ripped
nets, discards, and conversion factor inaccuracies. In a number of other orange roughy fisheries, a
current level of 5% has been applied (higher in the past). No corrections are made here because of
limited information on the sources which may differ with each fishery.

2. STOCKS AND AREAS
Stock structure is uncertain but Clark et al (2016) analysed multiple data sets and recommended that
fishing grounds in the following areas be considered as separate units for the purpose of stock

assessment: Lord Howe Rise; NW Challenger; SW Challenger; West Norfolk Ridge; South Tasman
Rise, and North, Central, and South Louisville (Figure 3).
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Orange roughy on the South Tasman Rise are regarded as a straddling stock with fish inside the AFZ.
Those on the Westpac Bank on the SW Challenger Plateau are regarded as a straddling stock with fish
inside New Zealand’s EEZ and the ORH 7A stock.
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Figure 3: Comparison of new areas assumed for stock assessment purposes (in red) and previous areas (in blue)

3.

STOCK ASSESSMENT

overlaid on the total distribution of catch rates for orange roughy. Where both areas are coincident, red
boxes overlay blue boxes. See Clark et al 2016 for details.

Several low-information stock assessments were presented to the SPRFMO Scientific Committee in
2015 and 2016 but these were not used by the committee to frame advice to the SPRFMO
Commission until the 2017 meeting. The following is an extract from the report of the Scientific
Committee’s meeting in August 2017.

98. Noting the urgent need to collect information to support robust assessments of orange roughy in
the SPRFMO Area for sound management advice, the Scientific Committee considered the three
approaches to assess SPRFMO orange roughy stocks as detailed in SC5-DW11 to DW14, SC5-

INFO3, and the Report of the 2nd Deepwater Workshop of the Scientific Committee (Annex 5).

Although none of the methods is ideal for the assessment of SPRFMO orange roughy stocks, the
SC considered them to be collectively indicative of stock status and potential yields. The
development of advice on catch limits for individual stocks was considered but, because of the
level of uncertainty in estimates of status and yield by stock, it was considered better to group the
stocks for the development of advice.

99. The SC used the lower 95% Cls of estimated stock status to inform the level of precaution that
might be appropriate. The group of stocks to the west of New Zealand (in the Tasman Sea) have
a greater potential for low stock status than those to the east (Louisville Ridge) and a more
precautionary approach was considered appropriate there.

Papers adopted and cited by the Scientific Committee in framing this advice were as follows:

Roux et al (2017), FAR 2017/01, tabled as paper SC5-DW11: Low information stock assessment of
orange roughy in the SPRFMO Area. Available at: http://www.sprfmo.int/assets/SC5-2017/SC5-
DW11-NZFAR-2017-01-Orange-roughy-SPRFMO-area.pdf

Edwards & Roux (2017), tabled as paper SC5-DW12: A simple delay-difference model for assessment
of data-poor orange roughy stocks. Available at: http://www.sprfmo.int/assets/SC5-2017/SC5-DW12-
Edwards-Roux-Delay-difference-ORY-model.pdf
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e Roux & Edwards (2017), tabled as paper SC5-DW13: A data limited approach for assessing small
scale  fisheries for orange roughy in the SPRFMO  Area. Available at:
http://www.sprfmo.int/assets/SC5-2017/SC5-DW13-rev1-Roux-Edwards-BDM-method-ORY .pdf

e Cordue (2017a), tabled as paper SC5-DW14: Catch-history based stock assessments of seven SPRFMO
orange roughy stocks. Available at: http://www.sprfmo.int/assets/SC5-2017/SC5-DW14-Cordue-catch-
history-method-ORY .pdf

e Cordue (2017b), tabled as paper SC5-INF03: A CPUE based stock assessment of the Louisville Central
orange roughy stock. Awvailable at:  http://www.sprfmo.int/assets/SC5-2017/SC5-INF03-
LouisCentral Assess.pdf

e Galvez et al (2017), tabled as paper SC5-Doc08: Report from the Deepwater Workshop in Hobart, May
2017. Available at: http://www.sprfmo.int/assets/SC5-2017/SC5-Doc08-rev1l-DWG-Workshop-Report-
Final27Sepl17.pdf

4. STATUS OF THE STOCKS

The status of the stocks in the SPRFMO Convention Area is poorly known. The SPRFMO Scientific
Committee based its precautionary advice to the Commission in 2017 on the papers cited in Section 3,
using the lower limit of 95% confidence or credible intervals of the estimated status from a range of
low-information methods. These were tabulated by Cryer et al (2017) (Table 4).

It is not known if recent catch levels are sustainable, or whether they will allow the stocks to move
towards a size that will support the MSY.

Table 4: Summary results from biomass dynamic modelling using a spatially disaggregated CPUE index (BDM) and
catch-history age-structured assessment (CAS) for seven putative stocks of orange roughy. The lower 95%
credible limits of depletion are from Roux & Edwards 2017 (BDM) and Cordue 2017a (CAS) and potential
yield is here estimated as Bcurr X HRmsy (BDM) and the lower limit of Cordue’s illustrative range of
percentiles from the posterior distribution of long-term yield (CAS).

Management unit Lower 95% CI from Potential Yield from Lower 95% CI from  Potential Yield from

BDM BDM (t) CAS CAS (t)
Louisville North 0.35 207 0.32 270
Louisville Central* 0.14 148 0.24 400
Louisville South 0.39 510 0.18 270
West Norfolk Ridge 0.26 60 0.19 110
Lord Howe Rise** 0.49 N/A 0.07 87
Northwest Challenger N/A N/A 0.13 170
South Tasman Rise N/A N/A 0.42 N/A

* An age-structured CPUE model for Louisville Central (Cordue 2017b) gave estimates of the lower 95% limits for depletion and yield
intermediate between those of BDM and CAS models.

** The BDM fit for Lord Howe Rise included an implausibly high estimate of rn. for orange roughy and the model was not considered
useful.
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OREOS (OEO 1&6)

Figure 8: The Pukaki Rise fishery black oreo assessment area (polygon) abutting the boundary of OEO 6/OEO 1 in
the north-west. The dots show tow positions where black oreo catch was reported between 1980-81 and
2011-12. A, B, and C are the three areas defined in the standardised CPUE analysis.

Figure 9: Observer length frequencies for Pukaki Rise black oreo, stratified by depth (see text), and grouped by
years (in the legends 1997=1996-97 etc.). The vertical dashed lines indicate the approximate overall mean
length as an aid to comparing the distributions.
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Table 15: Catch and effort data for vessels fishing in the eastern areas (B and C in Figure 8) with a minimum of 15
successful tows for black oreo in at least three years from 1995-96 to 2011-12.

Year No. of CPUE CV  Year No. of CPUE CcVv
1995-96 63 1.94 0.09  2004-05 309 073 013
1996-97 55 1.44 0.13  2005-06 481 0.88 0.09
1997-98 219 1.53 0.07 2006-07 650 0.80 0.09
1998-99 235 0.98 0.11  2007-08 795 0.62 0.12
1999-00 252 0.82 0.12 2008-09 734 061 012
2000-01 199 1.11 0.10 2009-10 979 033 021
2001-02 175 1.07 0.11 2010-11 450 0.51 0.16
2002-03 320 0.91 0.10 2011-12 430 0.72 0.12
2003-04 343 0.97 0.09

No projections were made because the assessment was not accepted by the Working Group.

452 Biomass estimates
No biomass estimates are reported.

4.5.3 Yield estimates and projections
No yield estimates were made.

4.6 Other oreo fisheries in OEO 1 and OEO 6
4.6.1 Estimates of fishery parameters and abundance

Relative abundance estimates from trawl surveys
Two comparable trawl surveys were carried out in the Puysegur area of OEO 1 (TAN9208 and
TAN9409). The 1994 oreo abundance estimates are markedly lower than the 1992 values (Table 16).

4.6.2 Biomass estimates
Estimates of virgin and current biomass are not yet available.

4.6.3 Yield estimates and projections
MCY cannot be estimated because of the lack of current biomass estimates for the other stocks.

CAY cannot be estimated because of the lack of current biomass estimates for the other stocks.

4.6.4 Other factors
Recent catch data from this fishery may be of poor quality because of area misreporting.

Table 16: OEO 1. Research survey abundance estimates (t) for oreos from the Puysegur and Snares areas. N is the
number of stations. Estimates for smooth oreo were made based on a recruited length of 34 cm TL.
Estimates for black oreo were made using knife-edge recruitment set at 27 cm TL.

Smooth oreo
Puysegur area (strata 0110-0502)

Mean biomass Lower bound Upper bound CV (%) N
1992 1397 736 2058 23 82
1994 529 86 972 41 87
Snares area (strata 0801-0802)

Mean biomass Lower bound Upper bound CV (%) N
1992 2433 0 5316 59 8
1994 118 0 246 54 7
Black oreo
Puysegur area (strata 0110-0502)

Mean biomass Lower bound Upper bound CV (%) N
1992 2009 915 3103 27 82
1994 618 0 1247 50 87
Snares area (strata 0801-0802)

Mean biomass Lower bound Upper bound CV (%) N
1992 3983 0 8211 53 8
1994 1564 0 3566 64 7
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5. STATUS OF THE STOCKS

Stock Structure Assumptions
Oreos in the OEO 1 and 6 FMAs are managed as a single stock but assessed as four separate stocks,
separated by species and geography.

The Southland smooth oreo stock is based along the east coast of the South Island in OEO 1 but
extends slightly into OEO 3. It does not include the Waitaki and Eastern canyon areas but is likely to
have some level of mixing with other smooth oreo fishstocks. The Pukaki Rise smooth oreo stock
comprises the major part of OEO 6 stocks and is centred on its namesake. Some mixing with other
smooth oreo fishstocks is thought to occur. The Bounty Plateau smooth oreo stock is located across
the Bounty Plateau and the Bounty Islands. Some mixing is thought to occur with other smooth oreo
fishstocks.

The Pukaki Rise black oreo stock is the main black oreo fishstock in OEO 6 and the largest black oreo
fishstock in the New Zealand EEZ. It extends the entire length of the Rise towards OEO 1. It is
assessed separately to other fishstocks but managed as a part of OEQO 6. Black oreo on the Pukaki Rise
are thought to be non-mixing with other black oreo fishstocks.

e OEO 1 and OEO 3A Southland (Smooth Oreo)

Stock Status

Year of Most Recent Assessment 2007

Assessment Runs Presented One base case only

Reference Points Target: 40% Bo
Soft Limit: 20% Bo
Hard Limit: 10% By
Overfishing threshold:

Status in relation to Target B2oo7 Was estimated at 27% By, Unlikely (< 40%) to be at or
above the target.

Status in relation to Limits B2oo7 Was estimated to be Unlikely (< 40%) to be below the
Soft Limit and Very Unlikely (< 10%) to be below the Hard
Limit.

Status in relation to Overfishing -

Historical Stock Status Trajectory and Current Status

Biomass t x1000
40 —

30 —

20 Mai

Year

Predicted biomass trajectories for the 2007 base case assessment— mature biomass and selected biomass for the
shallow and deep fisheries. Also shown are the CPUE indices from the pre- and post-GPS analysis for the deep
fishery (in gray) and the post-GPS analyses for the shallow fishery (in black). CPUE indices are shown with +2 s.e.
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Projections and Prognosis

Stock Projections or Prognosis -

Probability of Current Catch or
TACC causing Biomass to remain
below or to decline below Limits

Soft Limit: Unknown
Hard Limit: Unknown

Probability of Current Catch or Unknown
TACC causing Overfishing to
continue or to commence

Assessment Methodology and Evaluation

Assessment Type Type 1 - Quantitative Stock Assessment

Assessment Method CASAL assessment based on CPUE (rejected)

Assessment Dates Latest assessment: 2009 | Next assessment: Unknown

Overall assessment quality rank 3 — Low Quality

Main data inputs (rank) -

Data not used (rank) Commercial CPUE 3 — Low Quality: does not track stock
biomass

Changes to Model Structure and -
Assumptions

Major Sources of Uncertainty - Lack of fisheries-independent data causes reliance on
commercial CPUE data

- Lack of biological parameter estimates specific to black oreo
in this assessment area

Qualifying Comments

Further investigations into CPUE are needed.

Fishery Interactions

Both species of oreo are sometimes taken as bycatch in orange roughy target fisheries and in smaller
numbers in hoki target fisheries. Target fisheries for oreos do exist, with main bycatch being orange
roughy, rattails and deepwater sharks. Low productivity bycatch species include deepwater sharks and
rays. Protected species interactions occur with seabirds and deepwater corals. Oreo are caught using
bottom trawl gear. Bottom trawling interacts with benthic habitats.

6. FORFURTHER INFORMATION
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