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PREFACE

Fisheries Assessment Plenary reports have represented a significant annual output of Fisheries New
Zealand and its predecessors for the last 35 years. The Plenary is now more than 2200 pages long and
is split into four volumes, three of which are produced in May and one in November of each year. The
Plenary reports provide summaries of the available information and are in turn supported by 70-100
more detailed reports published on-line each year.

The May 2019 Plenary summarises fisheries, biological, environmental, stock assessment and stock
status information for 83 of New Zealand’s commercial fish species or species groups in a series of
Science Working Group (SWG) or Plenary reports. Each species or species group is split into 1-10
stocks for management purposes. In addition, the mid-year Plenary that is produced each November for
species that operate on different management cycles includes 17 SWG and Plenary summaries for
highly migratory species, rock lobster, scallops and dredge oysters.

Over time, continual improvements have been made in data acquisition, stock assessment techniques,
the development of reference points to guide fisheries management decisions, the provision of
increasingly comprehensive and meaningful information from a range of sources, and peer review
processes. SWG and Plenary meetings have continued the effort to populate the Status of the Stocks
summary tables, which are used to provide comprehensive summary information about current stock
status and the prognosis for these stocks, to evaluate fisheries performance relative to the 2008 Harvest
Strategy Standard for New Zealand Fisheries and other management measures, and to rank the quality
of stock assessment inputs and outputs based on the 2011 Research and Science Information Standard
for New Zealand Fisheries.

Over the past few years, sections on environmental and ecosystem considerations have also been
developed for some species by the SWGs that oversee aquatic environment and biodiversity. Sections
on how ocean warming, ocean acidification and other ecosystem trends affect, for example, productivity
and fish distributions will be incorporated as new information becomes available. Fisheries New
Zealand recognises the need to increase our knowledge of the impacts of important environmental
factors.

The Plenary reports take into account the most recent data and analyses available to SWGs and Fisheries
Assessment Plenary meetings, and also incorporate relevant analyses undertaken in previous years. Due
to time and resource constraints, recent data for some stocks may not yet have been fully analysed by
the SWGs or the Plenary.

I would like to recognise and thank the large number of research providers, scientists and other
representatives from research organisations, academia, the seafood industry, marine amateur fisheries,
environmental NGOs, customary non-commercial interests and Fisheries New Zealand; along with all
other technical and non-technical participants in present and past SWG and Plenary meetings for their
substantial contributions to this report. My sincere thanks to each and all who have contributed.

| would also like to pay particular tribute to the Fisheries New Zealand’s past and present Science
Officers who put tireless effort into checking and collating each Plenary report. The Science Officer
(now scientist) for this report was William D. Gibson.

I am pleased to endorse this document as representing the best available scientific information relevant
to fisheries and stock status, as at 31 May 2019.

™o

H awiily TWae -

Dr Pamela Mace
Principal Science Advisor Fisheries
Fisheries New Zealand
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Introduction

This report summarises the conclusions and recommendations from the meetings of the Fisheries
Assessment Working Groups and the Fisheries Assessment Plenary held since last year’s Plenary report
was published. The meetings were convened to assess the fisheries managed within the Quota
Management System, as well as other important fisheries in the New Zealand EEZ, and to discuss
various matters that pertain to fisheries assessments.

In addition, summaries of environmental effects of fishing from research presented to the Aquatic
Environment Working Group (AEWG) that have relevance to fishery management have been
incorporated for selected species. Paragraph 11 (page 14) of the Terms of Reference for Fisheries
Assessment Working Groups (FAWGs) includes “...information and advice on other management
considerations (e.g., ...by-catch issues, effects of fishing on habitat...)”, and states that “Sections of the
Working Group reports related to bycatch and other environmental effects of fishing will be reviewed
by the Aquatic Environment Working Group although the relevant FAWG is encouraged to identify to
the AEWG Chair any major discrepancies between these sections and their understanding of the
operation of relevant fisheries”. In addition, the Terms of Reference for the AEWG (Paragraph 9, page
17) specifies the need “to review and revise existing environmental and ecosystem consideration
sections of Fisheries Assessment Plenary report text based on new data or analyses, or other relevant
information”.

The report addresses, for each species, relevant aspects of the Fisheries Act 1996 and related
considerations, as defined in the Terms of Reference for Fisheries Assessment Working Groups for
2019. In all cases, consideration has been based on and limited by the best available information. The
purpose has been to provide objective, independent assessments of the current status of the fish stocks.

There are two types of catch limits used in this document — total allowable catch (TAC) and total
allowable commercial catch (TACC). The current definition is that a TAC is a limit on the total removals
from the stock, including those taken by the commercial, recreational and customary non-commercial
sectors, illegal removals and all other mortality to a stock caused by fishing. A TACC is a limit on the
catch taken by the commercial sector only. The definition of TAC was changed in the 1990 Fisheries
Amendment Act when the term TACC was introduced. Before 1990, the term TAC applied only to
commercial fishing. In the Landings and TAC tables in this report, the TAC figures equate to the TACC
unless otherwise specified.

Only actual TACCs are provided. The actual TACCs are the values as of the last day of the fishing year;
e.g., 30 September.

In considering customary non-commercial, and recreational interests, the focus has been on current
interests and activities rather than historical activities. In most cases, there is little information available
on the nature and extent of non-commercial interests, although estimates of recreational harvest are
available in some instances. Information on illegal catches and other sources of mortality is provided
where available.

Yield Benchmarks

The biological reference points, Maximum Constant Yield (MCY) and Current Annual Yield (CAY) first
used in the 1988 assessment continue to be used in a small number of stock assessments. This approach
is described in the section of this report titled "Guide to Biological Reference Points for Fisheries
Assessment Meetings".

Sources of Data
A major source of information for these assessments is the fisheries statistics system. It is important to
maintain and develop this system to provide adequate and timely data for stock assessments.



Other Information

For some assessments, draft Fisheries Assessment Reports that more fully describe the data and the
analyses have been prepared in time for the Working Group or Plenary process. Once finalised, these
documents are placed on the Fisheries New Zealand website in a searchable database.

Environmental Effects of Fishing

The scientific information to assess the environmental effects of fishing and enable this outcome comes
primarily from research commissioned by Fisheries New Zealand and, for protected species only, the
Department of Conservation (DOC). The work is reviewed by the Aquatic Environment Working Group
(AEWG) (or a similar DOC technical working group) or by the Biodiversity Research Advisory Group
(BRAG). Fisheries New Zealand has developed an “Aquatic Environment and Biodiversity Annual
Review”, which summarises the current state of knowledge on the environmental interactions between
fisheries and the aquatic environment. The Aquatic Environment and Biodiversity Annual Review
assesses the various known and potential effects of fishing on an issue-by-issue basis (e.g., the total
impact of all bottom trawl and dredge fisheries on benthic habitat), whereas relatively brief fishery-
specific summaries have been progressively included in this report since 2005, starting with hoki. These
fishery-specific sections are reviewed by AEWG rather than by the FAWGs responsible for the stock
assessment sections in each Working Group report.

Status of Stocks Summary Tables

Since 2009, the key information relevant to providing more comprehensive and meaningful information
for fisheries managers, stakeholders and other interested parties has been summarised at the end of each
chapter in a table format using the Guidelines for Status of the Stocks Summary Tables on pages 36—
41. Beginning in 2012, Status of Stocks tables have incorporated a new science information quality
ranking system, as specified in the Research and Science Information Standard for New Zealand
Fisheries (2011). Beginning in 2013, Status of Stocks tables have incorporated explicit statements
regarding the status of fisheries relative to overfishing thresholds.



Glossary of Common Technical Terms

Abundance Index: A quantitative measure of fish density or abundance, usually as a relative time
series. An abundance index can be specific to an area or to a segment of the stock (e.g.,
mature fish), or it can refer to abundance stock-wide; the index can reflect abundance in
numbers or in weight (biomass).

AEWG: The Aquatic Environment (Science) Working Group.

Age frequency: The proportions of fish of different ages in the stock, or in the catch taken by either
the commercial fishery or research fishing. This is often estimated based on a sample.
Sometimes called an age composition.

Age-length key: The proportion of fish of each age in each length-group in a sample of fish.

Age-structured stock assessment: An assessment that uses a model to estimate how the numbers at
age in the stock vary over time in order to determine the past and present status of a fish
stock.

aso: Either the age at which 50% of fish are mature (= Ay) or 50% are recruited to the fishery (=4z).

AIC: The Akaike Information Criterion is a measure of the relative quality of a statistical model for a
given set of data. As such, AIC provides a means for model selection; the preferred model is
the one with the minimum AIC value.

Awm: Age at maturity is the age at which fish, of a given sex, are considered to be reproductively mature.
See aso.

AMP: Adaptive Management Programme. This involves increased TACC’s (for a limited period,
usually 5 years) in exchange for which the industry is required to provide data that will
improve understanding of stock status. The industry is also required to collect additional
information (biological data and detailed catch and effort) and perform the analyses (e.g.
CPUE standardisation or age structure) necessary for monitoring the stock.

ANTWG: Antarctic (Science) Working Group.

Ar : Age of recruitment is the age when fish are considered to be recruited to the fishery. In stock
assessments, this is usually the youngest age group considered in the analyses. See asy.

ay9s : The number of ages between the age at which 50% of a stock is mature (or recruited) and the age
at which 95% of the stock is mature (or recruited).

Bo: Virgin biomass, unfished biomass. This is the theoretical carrying capacity of the recruited or
vulnerable or spawning biomass of a fish stock. In some cases, it refers to the average
biomass of the stock in the years before fishing started. More generally, it is the average over
recent years of the biomass that theoretically would have occurred if the stock had never been
fished. By is often estimated from stock modelling and various percentages of it (e.g. 40%
By) are used as biological reference points (BRPs) to assess the relative status of a stock.

Bav: The average historical recruited biomass.

Bayesian stock assessment: an approach to stock assessment that provides estimates of uncertainty
(posterior distributions) of the quantities of interest in the assessment. The method allows
the initial uncertainty (that before the data are considered) to be described in the form of
priors. If the data are informative, they will determine the posterior distributions; if they are
uninformative, the posteriors will resemble the priors. The initial model runs are called MPD
(mode of the posterior distribution) runs, and provide point estimates only, with no



uncertainty. Final runs (Markov Chain Monte Carlo runs or MCMCs), which are often very
time consuming, provide both point estimates and estimates of uncertainty.

Bgeeg: The estimated stock biomass at the beginning of the fishing year.

Bcurrent: Current biomass in the year of the assessment (usually a mid-year biomass).

Benthic - the ecological region at the lowest level of a body of water, including the sediment surface
and some sub-surface layers

Biological Reference Point (BRP): A benchmark against which the biomass or abundance of the
stock, or the fishing mortality rate (or exploitation rate), or catch itself can be measured
in order to determine stock status. These reference points can be targets, thresholds or
limits depending on their intended use.

Biomass: Biomass refers to the size of the stock in units of weight. Often, biomass refers to only one
part of the stock (e.g., spawning biomass, vulnerable biomass or recruited biomass, the

latter two of which are essentially equivalent).

Bwsy: The average stock biomass that results from taking an average catch of MSY under various types
of harvest strategies. Often expressed in terms of spawning biomass, but may also be
expressed as recruited or vulnerable biomass.

Bootstrap: A statistical methodology used to quantify the uncertainty associated with estimates
obtained from a model. The bootstrap is often based on Monte Carlo re-sampling of
residuals from the initial model fit.

BRAG — Biodiversity Research Advisory Group
Brer: A reference average biomass usually treated as a management target.

Bycatch: Refers to fish species, or size classes of those species, caught in association with key target
species.

Bvear: Estimated or predicted biomass in the named year (usually a mid-year biomass).

Carrying capacity: The average stock size expected in the absence of fishing. Even without fishing
the stock size varies through time in response to stochastic environmental conditions. See Bo:
virgin biomass.

Catch (C): The total weight (or sometimes number) of fish caught by fishing operations.

CAY: Current annual yield is the one year catch calculated by applying a reference fishing mortality,
Frer, to an estimate of the fishable biomass at the beginning of the fishing year. Also see
MAY.

CELR: Catch-Effort Landing Return.
CLR: Catch Landing Return.

Cohort: Those individuals of a stock born in the same spawning season. For annual spawners, a year's
recruitment of new individuals to a stock is a single cohort or year-class.

Collapsed: Stocks that are below the hard limit are deemed to be collapsed.

Convergence: In reference to MCMC results from a Bayesian stock assessment, convergence means
that the average and the variability of the parameter estimates are not changing as the MCMC
chain gets longer.



CPUE: Catch per unit effort is the quantity of fish caught with one standard unit of fishing effort;
e.g., the number of fish taken per 1000 hooks per day or the weight of fish taken per hour of
trawling. CPUE is often assumed to be a relative abundance index.

Customary catch: Catch taken by tangata whenua to meet their customary needs.

CV: Coefficient of variation. A statistic commonly used to represent variability or uncertainty. For
example, if a biomass estimate has a CV of 0.2 (or 20%), this means that the error in this
estimate (the difference between the estimate and the true biomass) will typically be about
20% of the estimate.

Density-dependence: Fish populations are thought to self-regulate: as population biomass increases,
growth may slow down, mortality may increase, recruitment may decrease or maturity may
occur later. Growth is density-dependent if it slows down as biomass increases.

Depleted: Stocks that are below the soft limit are deemed to be depleted. Stocks can become depleted
through overfishing, or environmental factors, or a combination of the two.

Discards — the portion of the catch thrown away at sea

DWWG: The Deepwater (Science) Working Group.

ECER: Eel Catch-Effort Return.

ECLR: Eel Catch Landing Return.

Ecosystem —a biological community of interacting organisms and their physical environment.

EEZ: An Exclusive Economic Zone is a maritime zone beyond the Territorial Sea over which the
coastal state has sovereign rights over the exploration and use of marine resources. Usually,

a state's EEZ extends to a distance of 200 nautical miles (370 km) out from its coast, except
where resulting points would be closer to another country.

Equilibrium: A theoretical model state that arises when the fishing mortality, exploitation pattern
and other fishery or stock characteristics (growth, natural mortality, recruitment) do not
change from year to year.

Exploitable biomass: Refers to that portion of a stock’s biomass that is available to the fishery. Also
called recruited biomass or vulnerable biomass.

Exploitation pattern: The relative proportion of each age or size class of a stock that is vulnerable to
fishing. See selectivity ogive.

Exploitation rate: The proportion of the recruited or vulnerable biomass that is caught during a
certain period, usually a fishing year.

F: The fishing intensity or fishing mortality rate is that part of the total mortality rate applying to a
fish stock that is caused by fishing. Usually expressed as an instantaneous rate.

Fo.1: The fishing mortality rate at which the increase in equilibrium yield per recruit in weight per
unit of effort is 10% of the yield per recruit produced by the first unit of effort on the
unexploited stock (i.e., the slope of the yield per recruit curve for the F;rate is only 1/10th
of the slope of the yield per recruit curve at its origin).

Faowso: The fishing mortality rate associated with a biomass of 40% By at equilibrium or on average.

Faouser: The fishing mortality rate associated with a spawning biomass per recruit (SPR) (or
equivalently a spawning potential ratio) of 40% By at equilibrium or on average.



FAWSG:s: Fisheries Assessment (Science) Working Groups.

Fishing intensity: A general term that encompasses the related concepts of fishing mortality and
exploitation rate.

Fishing mortality: That part of the total mortality rate applying to a fish stock that is caused by fishing.
Usually expressed as an instantaneous rate.

Fishing year: For most fish stocks, the fishing year runs from 1 October in one year to 30 September
in the next. The second year is often used as shorthand for the split years. For example, 2015
is shorthand for 2014-15.

FMA: Fishery Management Area. The New Zealand EEZ is divided into 10 fisheries management
units:

FMA10

FMAg 1 FMA1T

EMAS
FMA2

A FMA4 =
FMA3

FMA7

FMAS5 3

‘ FMA6

Fumax: The fishing mortality rate that maximises equilibrium yield per recruit. Fmax is the fishing
mortality level that defines growth overfishing. In general, Fy.x is different from Fusy (the
fishing mortality that maximises sustainable yield), and is always greater than or equal to
Fwsy, depending on the stock-recruitment relationship.

Fwmey: The fishing mortality corresponding to the maximum (sustainable) economic yield.

Fwmsy: The fishing mortality rate that, if applied constantly, would result in an average catch
corresponding to the Maximum Sustainable Yield (MSY) and an average biomass
corresponding to Busy. Usually expressed as an instantaneous rate.

Frer: The fishing mortality that is associated with an average biomass of Brer.

FRML - Fisheries Related Mortality Limit.

Growth overfishing: Growth overfishing occurs when the fishing mortality rate is above Fmax. This
means that on average fish are caught before they have a chance to reach their maximum

growth potential.

Hard Limit: A biomass limit below which fisheries should be considered for closure.



Harvest Strategy: For the purpose of the Harvest Strategy Standard, a harvest strategy simply specifies
target and limit reference points and management actions associated with achieving the
targets and avoiding the limits.

HMS: Highly Migratory Species.
HMSWG: Highly Migratory Species (Science) Working Group.

Hyperdepletion: The situation where an abundance index, such as CPUE, decreases faster than the
true abundance.

Hyperstability: The situation where an abundance index, such as CPUE, decreases more slowly than
the true abundance.

Incidental capture: Refers to non-fish and protected species which were not targeted, but were
caught.

Index: Same as an abundance index.

LCER: Longline Catch-Effort Return.

Length frequency: The distribution of numbers at length from a sample of the catch taken by either
the commercial fishery or research fishing. This is sometimes called a length composition.

Length-Structured Stock Assessment: An assessment that uses a model to estimate how the numbers
at length in the stock vary over time in order to determine the past and present status of a fish
stock.

Limit: a biomass or fishing mortality reference point that should be avoided with high probability.
The Harvest Strategy Standard defines both soft limits and hard limits.

M: The (instantaneous) natural mortality rate is that part of the total mortality rate applying to a fish
stock that is caused by predation and other natural events.

MAFWG: Marine Amateur Fisheries (Science) Working Group.

MALFIRM: Maximum Allowable Limit of Fishing Related Mortality.

Maturity: Refers to the ability of fish to reproduce.

Maturity ogive: A curve describing the proportion of fish of different ages or sizes that are mature.

MAY: Maximum average yield is the average maximum sustainable yield that can be produced over
the long term under a constant fishing mortality strategy, with little risk of stock collapse. A
constant fishing mortality strategy means catching a constant percentage of the biomass
present at the beginning of each fishing year. MAY is the long-term average annual catch
when the catch each year is the CAY. Also see CAY.

MCMC: Markov Chain Monte Carlo. See Bayesian stock assessment.

MCY: Maximum constant yield is the maximum sustainable yield that can be produced over the long
term by taking the same catch year after year, with little risk of stock collapse.

MIDWG: Middle-depths (Science) Working Group.

Mid-year biomass: The biomass after half the year’s catch has been taken.



MLS: Minimum Legal Size. Fish above the MLS can be retained while those below it must be returned
to the sea.

Model: A set of equations that represents the population dynamics of a fish stock.

Monte Carlo Simulation: is an approach whereby the inputs that are used for a calculation are re-
sampled many times assuming that the inputs follow known statistical distributions. The
Monte Carlo method is used in many applications such as Bayesian stock assessments,
parametric bootstraps and stochastic projections.

MPD: Mode of the (joint) posterior distribution. See Bayesian stock assessment.

MSY: Maximum sustainable yield is the largest long-term average catch or yield that can be taken
from a stock under prevailing ecological and environmental conditions, and the current
selectivity patterns exhibited by the fishery.

MSY-compatible reference points: MSY-compatible references points include Bmsy, Fmsy and MSY
itself, as well as analytical and conceptual proxies for each of these three quantities.

Natural mortality (rate): That part of the total mortality rate applying to a fish stock that is caused by
predation and other natural events. Usually expressed as an instantaneous rate.

NCELR: Set Net Catch-Effort Landing Return.

NINS: Northern Inshore (Science) Working Group.

Objective function: An equation to be optimised (minimised or maximised) given certain constraints
using non-linear programming techniques.

Otolith: One of the small bones or particles of calcareous substance in the internal ear of teleosts (bony
fishes) that are used to determine their age.

Overexploitation: A situation where observed exploitation (or fishing mortality) rates are higher than
target levels.

Overfishing: A situation where observed fishing mortality (or exploitation) rates are higher than
target or threshold levels.

Partition: The way in which a fish stock or population is characterised, or split, in a stock assessment
model; for example, by sex, age and maturity.

PCELR: Paua Catch Effort and Landing Return.

Population: A group of fish of one species that shares common ecological and genetic features. The
stocks defined for the purposes of stock assessment and management do not necessarily
coincide with self-contained populations.

Population dynamics: In general, refers to the biological and fishing processes that result in changes
in fish stock abundance over time.

Posterior: a mathematical description of the uncertainty in some quantity (e.g., biomass) estimated in
a Bayesian stock assessment. This is generally depicted as a frequency distribution (often
plotted along with the prior distribution to show how much the two diverge).

Potential Biological Removal (PBR) - an estimate of the number of seabirds that may be killed
without causing the population to decline below half the carrying capacity.



Pre-recruit: An individual that has not yet entered the fished component of the stock (because it is
either too young or too small to be vulnerable to the fishery).

Prior: available information (often in the form of expert opinion) regarding the potential range of values
of a parameter in a Bayesian stock assessment. Uninformative priors are used where there
is no such information.

Production Model: A stock model that describes how the stock biomass changes from year to year
(or, how biomass changes in equilibrium as a function of fishing mortality), but which does
not keep track of the age or length frequency of the stock. The simplest production functions
aggregate all of the biological characteristics of growth, natural mortality and reproduction
into a simple, deterministic model using three or four parameters. Production models are
primarily used in simple data situations, where total catch and effort data are available but
age-structured information is either unavailable or deemed to be less reliable (although some
versions of production models allow the use of age-structured data).

Productivity: Productivity is a function of the biology of a species and the environment in which it
lives. It depends on growth rates, natural mortality, age at maturity, maximum average
age and other relevant life history characteristics. Species with high productivity are able to
sustain higher rates of fishing mortality than species with lower productivity. Generally,
species with high productivity are more resilient and take less time to rebuild from a depleted
state.

Projection: Predictions about trends in stock size and fishery dynamics in the future. Projections are
made to address “what-if” questions of relevance to management. Short-term (1-5 years)
projections are typically used in support of decision-making. Longer term projections become
much more uncertain in terms of absolute quantities, because the results are strongly
dependent on recruitment, which is very difficult to predict. For this reason, long-term
projections are more useful for evaluating overall management strategies than for making
short-term decisions.

Proxy: A surrogate for Busy, Fmsy or MSY that has been demonstrated to approximate one of these
three metrics through theoretical or empirical studies.

g: Catchability is the proportion of fish that are caught by a defined unit of fishing effort. The constant
relating an abundance index to the true biomass (the abundance index is approximately
equal to the true biomass multiplied by the catchability).

Quota Management Areas (QMA): QMAs are geographic areas within which fish stocks are managed
in the TS and EEZ.

Quota Management System (QMS): The QMS is the name given to the system by which the total
commercial catch from all the main fish stocks found within New Zealand’s 200 nautical
mile EEZ is regulated.

Recruit: An individual that has entered the fished component of the stock. Fish that are not recruited
are either not catchable by the gear used (e.g., because they are too small) or live in areas that
are not fished.

Recruited biomass: Refers to that portion of a stock’s biomass that is available to the fishery; also
called exploitable biomass or vulnerable biomass.

Recruitment: The addition of new individuals to the fished component of a stock. This is determined
by the size and age at which fish are first caught.

Reference Point: A benchmark against which the biomass or abundance of the stock or the fishing
mortality rate (or exploitation rate) can be measured in order to determine its status. These
reference points can be targets, thresholds or limits depending on their intended use.



RLWG: Rock Lobster (Science) Working Group.

SAMWSG: Stock Assessment Methods (Science) Working Group.

Sav: The average historical spawning biomass.

Selectivity ogive: Curve describing the relative vulnerability of fish of different ages or sizes to the
fishing gear used.

SFWG: The Shellfish (Science) Working Group.
SINS: Southern Inshore (Science) Working Group.

Soft Limit: A biomass limit below which the requirement for a formal, time-constrained rebuilding
plan is triggered.

Spawning biomass: The total weight of sexually mature fish in the stock. This quantity depends on the
abundance of year classes, the exploitation pattern, the rate of growth, both fishing and
natural mortality rates, the onset of sexual maturity, and environmental conditions. Same
as mature biomass.

Spawning (biomass) Per Recruit or Spawning Potential Ratio (SPR): The expected lifetime
contribution to the spawning biomass for the average recruit to the fishery. For a given
exploitation pattern, rate of growth, maturity schedule and natural mortality, an
equilibrium value of SPR can be calculated for any level of fishing mortality. SPR decreases
monotonically with increasing fishing mortality.

Statistical area: See the map below for the official Territorial Sea and Exclusive Economic Zone

(EEZ) statistical areas.
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Steepness: A parameter of stock-recruitment relationships that determines how rapidly, or steeply,
it rises from the origin, and therefore how resilient a stock is to rebounding from a depleted
state. It equates to the proportion of virgin recruitment that corresponds to 20% Bo. A
steepness value greater than about 0.9 is considered to be high, while one less than about
0.6 is considered to be low. The minimum value is 0.2.

Stock: The term has different meanings. Under the Fisheries Act, it is defined with reference to units
for the purpose of fisheries management (Fishstock). On the other hand, a biological stock is
a population of a given species that forms a reproductive unit and spawns little if at all with
other units. However, there are many uncertainties in defining spatial and temporal
geographical boundaries for such biological units that are compatible with established data
collection systems. For this reason, the term “stock” is often synonymous with an assessment
/ management unit, even if there is migration or mixing of some components of the
assessment/management unit between areas.

Stock assessment: The analysis of available data to determine stock status, usually through application
of statistical and mathematical tools to relevant data in order to obtain a quantitative
understanding of the status of the stock relative to defined management benchmarks or
reference points (c.g. Busy and/or Fusy).

Stock-recruitment relationship: An equation describing how the expected number of recruits to a
stock varies as the spawning biomass changes. The most frequently used stock-recruitment
relationship is the asymptotic Beverton-Holt equation, in which the expected number of
recruits changes very slowly at high levels of spawning biomass.

Stock status: Refers to a determination made, on the basis of stock assessment results, about the
current condition of the stock. Stock status is often expressed relative to management
benchmarks and biological reference points such as Busy or Bg or Fmsy or Foyspr. For
example, the current biomass may be said to be above or below Bmsy or to be at some
percentage of Bo. Similarly, fishing mortality may be above or below Fmsy or Fespr.

Stock structure: (1) Refers to the geographical boundaries of the stocks assumed for assessment and
management purposes (e.g., albacore tuna may be assumed to be comprised of two separate
stocks in the North Pacific and South Pacific), (2) Refers to boundaries that define self-
contained stocks in a genetic sense, (3) refers to known, inferred or assumed patterns of
residence and migration for stocks that mix with one another.

Surplus production: The amount of biomass produced by the stock (through growth and recruitment)
over and above that which is required to maintain the [total stock] biomass at its current level.
If the catch in each year is equal to the surplus production then the biomass will not change.

Sustainability: Pertains to the ability of a fish stock to persist in the long-term. Because fish
populations exhibit natural variability, it is not possible to keep all fishery and stock
attributes at a constant level simultaneously, thus sustainable fishing does not imply that the
fishery and stock will persist in a constant equilibrium state. Because of natural variability,
even if Fusy could be achieved exactly each year, catches and stock biomass will oscillate
around their average MSY and Bwmsy levels, respectively. In a more general sense,
sustainability refers to providing for the needs of the present generation while not
compromising the ability of future generations to meet theirs.

TAC: Total Allowable Catch is the sum of the Total Allowable Commercial Catch (TACC) and the
allowances for customary Maori interests, recreational fishery interests and other sources of
fishing-related mortality that can be taken in a given period, usually a year.

TACC: Total Allowable Commercial Catch is the total regulated commercial catch from a stock in
a given time period, usually a fishing year.
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Target: Generally, a biomass, fishing mortality or exploitation rate level that management actions
are designed to achieve with at least a 50% probability.

Threshold: Generally, a biological reference point that raises a “red flag” indicating that biomass has
fallen below the target, or fishing mortality or exploitation rate has increased above its
target, to the extent that additional management action may be required in order to prevent
the stock from declining further and possibly breaching the soft limit.

TCEPR: Trawl Catch-Effort Processing Return.
TCER: Trawl Catch-Effort Return.
TLCER: Tuna Longline Catch-Effort Return.

TS: Territorial Sea: a belt of coastal waters extending at most 12 nautical miles (22.2 km; 13.8 mi)
from the baseline (usually the mean low-water mark) of a coastal state.

Uwmsy: The exploitation rate associated with the maximum sustainable yield.

Uaoneo: The exploitation rate associated with a biomass of 40% By at equilibrium or on average.
von Bertalanffy equation: An equation describing how fish increase in length as they grow older. The
mean length (L) at age a is
L= Ly(1— e k@a-to))

where L., is the average length of the oldest fish, k£ is the average growth rate (Brody
coefficient) and 7y is a constant.

Vulnerable biomass: Refers to that portion of a stock’s biomass that is available to the fishery. Also
called exploitable biomass or recruited biomass.

Year class (cohort): Fish in a stock that were born in the same year. Occasionally, a stock produces a
very small or very large year class which can be pivotal in determining stock abundance in
later years.

Yield: Catch expressed in terms of weight.

Yield per Recruit (YPR): The expected lifetime yield for the average recruit. For a given exploitation
pattern, rate of growth, and natural mortality, an equilibrium value of YPR can be
calculated for each level of fishing mortality. YPR analyses may play an important role in

advice for management, particularly as they relate to minimum size controls.

Z: Total mortality rate. The sum of natural and fishing mortality rates.
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Terms of Reference for Fisheries Assessment Working Groups
(FAWGsS) in 2019

Overall purpose

The purpose of the FAWGs is to assess the status of fish stocks managed within the Quota Management
System, as well as other important species of interest to New Zealand. Based on scientific information
the FAWGs assess the current status of fish stocks or species relative to MSY-compatible reference
points and other relevant indicators of stock status, conduct projections of stock size and status under
alternative management scenarios, and review results from relevant research projects. They do not make
management recommendations or decisions (this responsibility lies with Fisheries New Zealand
fisheries managers and the Minister responsible for fisheries).

Preparatory tasks

L.

Prior to the beginning of the main sessions of FAWG meetings (January to May and September
to November), Fisheries New Zealand fisheries scientists will produce a list of stocks and issues
for which new stock assessments or evaluations are likely to become available prior to the next
scheduled sustainability rounds. This list will include stocks for which the fishing industry and
others intend to directly purchase scientific analyses. It is therefore incumbent on those
purchasing research to inform the relevant FAWG chair of their intentions at least three months
prior to the start of the sustainability round. FAWG Chairs will determine the final timetables
and agendas for each Working Group.

At least six months prior to the main sessions of FAWG meetings, Fisheries New Zealand
fisheries managers will alert Fisheries New Zealand science managers and the Fisheries New
Zealand Principal Science Advisor to unscheduled special cases for which assessments or
evaluations are urgently needed.

Technical objectives

3.

To review new research information on stock structure, productivity, abundance and related
topics for each fish stock/issue under the purview of individual FAWGs.

Where possible, to derive appropriate MSY-compatible reference points' for use as reference
points for determining stock status, based on the Harvest Strategy Standard for New Zealand
Fisheries” (the Harvest Strategy Standard).

To conduct stock assessments or evaluations for selected fish stocks in order to determine the
status of the stocks relative to MSY-compatible reference points' and associated limits, based
on the "Guide to Biological Reference Points for Fisheries Assessment Meetings", the Harvest
Strategy Standard, and relevant management reference points and performance measures set by
fisheries managers.

For stocks where the status is unknown, FAWGs should use existing data and analyses to draw
logical conclusions about likely future trends in biomass levels and/or fishing mortality (or
exploitation) rates if current catches and/or TACs/TACCs are maintained, or if fishers or
fisheries managers are considering modifying them in other ways.

Where appropriate and practical, to conduct projections of likely future stock status using
alternative fishing mortality (or exploitation) rates or catches and other relevant management

! MSY-compatible reference points include those related to stock biomass (i.e. Busy), fishing mortality (i.e. Fusy) and catch
(i.e. MSY itself), as well as analytical and conceptual proxies for each of the three of these quantities.

2 Link to the Harvest Strategy Standard: http:/fs.fish.govt.nz/Page.aspx?pk=104
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actions, based on the Harvest Strategy Standard and input from the FAWG and fisheries
managers.

For stocks that are deemed to be depleted or collapsed, to develop alternative rebuilding
scenarios based on the Harvest Strategy Standard and input from the FAWG and fisheries
managers.

For fish stocks for which new stock assessments or analyses are not conducted in the current
year, to review the existing Fisheries Assessment Plenary report text on the “Status of the
Stocks™ in order to determine whether the latest reported stock status summary is still relevant;
else to revise the evaluations of stock status based on new data or analyses, or other relevant
information.

Working Group reports

10.

11.

12.

13.

14.

15.

To include in the Working Group report information on commercial, Maori customary, non-
commercial and recreational interests in the stock; as well as all other mortality to that stock
caused by fishing, which might need to be allowed for in setting a TAC or TACC. Estimates of
recreational harvest will normally be provided by the Marine Amateur Fisheries Working
Group (MAFWG).

To provide information and advice on other management considerations (e.g. area boundaries,
by-catch issues, effects of fishing on habitat, other sources of mortality, and input controls such
as mesh sizes and minimum legal sizes) required for specifying sustainability measures.
Sections of the Working Group reports related to bycatch and other environmental effects of
fishing will be reviewed by the Aquatic Environment Working Group (AEWG) although the
relevant FAWG is encouraged to identify to the AEWG Chair any major discrepancies between
these sections and their understanding of the operation of relevant fisheries.

To summarise the stock assessment methods and results, along with estimates of MSY-
compatible references points and other metrics that may be used as benchmarks for assessing
stock status.

To review, and update if necessary, the “Status of the Stocks” tables in the Fisheries Assessment
Plenary report for all stocks under the purview of individual FAWGs (including those for which
a full assessment has not been conducted in the current year) based on new data or analyses, or
other relevant information.

For all important stocks, to complete (and/or update) the Status of Stocks tables using the
template provided in the Introductory chapter of the most recent May and November Plenary
reports.

It is desirable that full agreement amongst technical experts is achieved on the text of the FAWG
reports, particularly the “Status of the Stocks” sections, noting that the AEWG will review
sections on bycatch and other environmental effects of fishing, and the MAFWG will provide
text on recreational harvests. If full agreement amongst technical experts cannot be reached,
the Chair will determine how this will be depicted in the FAWG report, will document the
extent to which agreement or consensus was achieved, and record and attribute any residual
disagreement in the meeting notes.

Working Group input to the Plenary

16.

14

To advise the Fisheries New Zealand Principal Science Advisor about stocks requiring review
by the Fisheries Assessment Plenary and those stocks that are not believed to warrant review
by the Plenary. The general criteria for determining which stocks should be discussed by the
Plenary are that (i) the assessment is controversial and Working Group members have had
difficulty reaching consensus on one or more base cases, or (ii) the assessment is the first for a
particular stock or the methodology has been substantially altered since the last assessment, or



(ii1) new data or analyses have become available that alter the previous assessment, particularly
assessments of recent or current sto

ck status, or projections of likely future stock status. Such information could include:

e new or revised estimates of MSY-compatible reference points, recent or current biomass,
productivity or yield projections;

o the development of a major trend in the catch or catch per unit effort; or
e any new studies or data that extend understanding of stock structure, fishing patterns, or

non-commercial activities, and result in a substantial effect on assessments of stock status.

Membership and Protocols for all Science Working Groups
17. FAWG members are bound by the Membership and Protocols required for all Science Working
Group members (see separate document).
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Terms of Reference for the Aquatic Environment Working Group
(AEWG) in 2019

Overall purpose
For all New Zealand fisheries in the New Zealand TS and EEZ as well as other important fisheries in
which New Zealand engages:

to assess, based on scientific information, the effects of (and risks posed by) fishing on the aquatic
environment, including:

e Dbycatch and unobserved mortality of protected species (e.g. seabirds and marine mammals),
fish, and other marine life, and consequent impacts on populations;

e effects on benthic ecosystems, species, and habitat;
e effects on biodiversity, including genetic diversity; and
e changes to ecosystem structure and function from fishing, including trophic effects

Where appropriate and feasible, such assessments should explore the implications of the effect,
including with respect to government standards, other agreed reference points, or other relevant
indicators of population or environmental status. Where possible, projections of future status under
alternative management scenarios should be made.

AEWG does not make management recommendations or decisions (this responsibility lies with
Fisheries New Zealand fisheries managers and the Minister responsible for Fisheries).

Fisheries New Zealand also convenes a Biodiversity Research Advisory Group (BRAG) which has a
similar review function to the AEWG. Projects reviewed by BRAG and AEWG have some
commonalities in that they relate to aspects of the marine environment. However, the key focus of
projects considered by BRAG is on the functionality of the marine ecosystem and its productivity,
whereas projects considered by AEWG more commonly focus on the direct effects of fishing.

Preparatory tasks

1. Prior to the beginning of AEWG meetings each year, Fisheries New Zealand fisheries scientists
will produce a list of issues for which new assessments or evaluations are likely to become
available that year.

2. Fisheries New Zealand’s research planning processes should identify most information needs
well in advance but, if urgent issues arise, Fisheries New Zealand staff will alert the relevant
AEWG chair prior to the required meeting of items that could be added to the agenda. AEWG
Chairs will determine the final timetables and agendas for meetings.

Technical objectives

3. To review any new research information on fisheries, including risks of impacts, and the relative
or absolute sensitivity or susceptibility of potentially affected species, populations, habitats, and
systems.

4. To estimate appropriate reference points for determining population, system, or environmental

status, noting any draft or published Standards.

5. To conduct environmental assessments or evaluations for selected species, populations,
habitats, or systems in order to determine their status relative to appropriate reference points
and Standards, where such exist.

6. In addition to determining the status of the species, populations, habitats, and systems relative
to reference points, and particularly where the status is unknown, AEWG should explore the
potential for using existing data and analyses to draw conclusions about likely future trends in
fishing effects or status if current fishing methods, effort, catches, and catch limits are
maintained, or if fishers or fisheries managers are considering modifying them in other ways.
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Where appropriate and practical, to conduct or request projections of likely future status using
alternative management actions, based on input from AEWG, fisheries plan advisers and
fisheries and standards managers, noting any draft or published Standards.

For species or populations deemed to be depleted or endangered, to develop ideas for alternative
rebuilding scenarios to levels that are likely to ensure long-term viability based on input from
AEWG, fisheries managers, noting any draft or published Standards.

To review and revise existing environmental and ecosystem consideration sections of Fisheries
Assessment Plenary report text based on new data or analyses, or other relevant information.

Working Group input to annual Aquatic Environment and Biodiversity Review

10.

11.

12.

13.

14.

To include in contributions to the Aquatic Environment and Biodiversity Review (AEBAR)
summaries of information on selected issues that may relate to species, populations, habitats,
or systems that may be affected by fishing. These contributions are analogous to Working
Group reports from the Fisheries Assessment Working Groups.

To provide information and scientific advice on management considerations (e.g. area
boundaries, by-catch issues, effects of fishing on habitat, other sources of mortality, and input
controls such as mesh sizes and minimum legal sizes) that may be relevant for setting
sustainability measures.

To summarise the assessment methods and results, along with estimates of relevant standards,
references points, or other metrics that may be used as benchmarks or to identify risks to the
aquatic environment.

It is desirable that full agreement among technical experts is achieved on the text of
contributions to the AEBAR. If full agreement among technical experts cannot be reached, the
Chair will determine how this will be depicted in the AEBAR, will document the extent to
which agreement or consensus was achieved, and record and attribute any residual
disagreement in the meeting notes.

To advise the Fisheries New Zealand Principal Science Advisor and Aquatic Environment
manager about issues of particular importance that may require independent review or updating
in the AEBAR. The general criterion for determining which issues should be discussed by a
wider group or text changed in the AEBAR is that new data or analyses have become available
that alter the previous assessment of an issue, particularly assessments of population status or
projection results. Such information could include:

e New or revised estimates of environmental reference points, recent or current population
status, trend, or projections;

e  The development of a major trend in bycatch rates or amount;

e Any new studies or data that extend understanding of population, system, or environmental
susceptibility to an effect or its recoverability, fishing patterns, or mitigation measures that
have a substantial implications for a population, system, or environment or identify risks
associated with fishing activity; and

e  Consistent performance outside accepted reference points or Standards.

Membership and Protocols for all Science Working Groups

15.

The AEWG is bound by the same membership and protocols as other Science Working Groups
(see separate document).
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Terms of Reference for the Antarctic Working Group
(ANTWG) in 2019

Overall purpose

The purpose of the ANTWG is to review science and research information intended for submission to
or use by the Commission for the Conservation of Antarctic Marine Living Resources (CCAMLR).
CCAMLR is an inter-governmental organisation that is committed to conserving the marine life of the
Southern Ocean while allowing rational use of marine resources, including commercial fishing. The
CCAMLR Convention requires that management considers the effects of fishing on dependent and
associated species as well as on the target species. The area of jurisdiction of the CCAMLR Convention
is approximately south of the circumpolar Antarctic Polar Front in the Southern Ocean. Science and
research requested or used by CCAMLR may include, inter alia, fishery characterisations, abundance
indices, catch-at-age or catch-at-length data, and stock assessment modelling to assess the status of fish
stocks managed by CCAMLR; bycatch and unobserved mortality of protected species, fish, and other
marine life; effects on biodiversity and benthic biodiversity, species, and habitat; and changes to
ecosystem structure and function as a result of fishing, including trophic effects. The ANTWG also
undertakes scientific review of documents and papers that may be submitted to the scientific working
groups of CCAMLR to aid and inform its management. The ANTWG does not make management
recommendations or decisions; these responsibilities lie with CCAMLR’s Scientific Committee and the
Commission.

Preparatory tasks

1. Prior to the first meeting of the ANTWG each year, the ANTWG Chair will produce a list of
stocks/issues for which new stock assessments, evaluations, impact assessments, risk
assessments, or other scientific analyses have been requested by the CCAMLR Scientific
Committee or the Commission (including its contributing bodies), fishing industry, or other
stakeholders. The ANTWG Chair will determine the final timetables and agendas of the
working group each year, taking account of the available time and resources.

Technical objectives
2. To review new research information on stock structure, productivity, abundance and related
topics for each fish stock or environmental issue under the purview of the ANTWG.

3. Where possible, to derive yields or reference points requested by CCAMLR’s Scientific
Committee or Commission related to fish stocks or environmental issues relevant to CCAMLR
fisheries.

4, To conduct stock assessments or evaluations for selected stocks in order to determine the

precautionary yields and status of the stocks relative to the requested reference points or, if no
such reference points are specified by CCAMLR, MSY-compatible reference points and
associated limits, based on the “Guide to Biological Reference Points for Fisheries Assessment
Meetings” and New Zealand’s Harvest Strategy Standard.

5. For stocks where the status is unknown, the ANTWG should, where possible, use any existing
data and analyses to draw conclusions about likely future trends in biomass levels and/or fishing
mortality (or exploitation) rates if current catches and/or TACs are maintained, or if fishers or
CCAMLR are considering modifying them in other ways.

6. Where requested by the CCAMLR Scientific Committee or Commission, to conduct projections
of likely future stock status using alternative fishing mortality (or exploitation) rates or catches
and other relevant management actions, based on input from the ANTWG and any guidance
from the CCAMLR Scientific Committee or Commission.

7. Where requested by the CCAMLR Scientific Committee or Commission, in relation to
specified stocks, to develop and report on alternative rebuilding scenarios.
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To conduct environmental impact assessments and qualitative or quantitative risk assessments
in relation to bycatch species, other species of concern, benthic systems, or vulnerable marine
ecosystems to support the work of the CCAMLR Scientific Committee and Commission.

Working Group reports

9.

10.

11.

12.

To review, and update if necessary, the “Status of the Stocks™ tables in the Fisheries Assessment
Plenary report based on new data or analyses, or other relevant information.

To complete (and/or update) the Status of Stocks tables using the template provided in the
Introductory chapter of the most recent May Plenary report.

To review, and update if necessary, the “Antarctic Science” chapter of the Aquatic Environment
and Biodiversity Review (AEBAR) based on new data or analyses, or other relevant
information.

It is desirable that full agreement amongst technical experts is achieved on the text of the
ANTWG reports. If full agreement amongst technical experts cannot be reached, the Chair will
determine how this will be depicted in the ANTWG report, will document the extent to which
agreement or consensus was achieved, and record and attribute any residual disagreement in
the meeting notes.

Papers and reports to CCAMLR

13.

Papers and reports summarising work reviewed by the ANTWG are generally submitted to
CCAMLR’s Scientific Committee, and their content varies widely. It is desirable that full
agreement amongst technical experts is achieved on the content of such papers or reports, noting
that deadlines for submission to CCAMLR may require the Chair to finalise text after a meeting
of the ANTWG has considered and resolved scientific issues. If full agreement amongst
technical experts cannot be reached, the Chair will determine how this will be depicted in the
paper or report to be submitted to CCAMLR. In such cases, the Chair will also document the
extent to which agreement or consensus was achieved and record and attribute any residual
disagreement in the meeting notes.

Membership and Protocols for all Science Working Groups

14.

ANTWG members are bound by the Membership and Protocols required for all Science
Working Group members (see separate document).
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Terms of Reference for the Marine Amateur Fisheries Working Group
(MAFWG) in 2019

Overall purpose

The purpose of the MAFWG is to assess the harvest of marine amateur fishers from fish stocks managed
within or outside the Quota Management System and to review other scientific or research information
relevant to the management of marine amateur fisheries. MAFWG does not make management
recommendations or decisions; this responsibility lies with Fisheries New Zealand fisheries managers
and the Minister responsible for fisheries.

Preparatory tasks

1. It is anticipated that marine amateur fisheries research will focus primarily on the estimation of
amateur harvests of fish stocks based on corroborated off-site national surveys conducted about
every 5 years. At least six months before any such survey is conducted, Fisheries New Zealand
fisheries managers will alert Fisheries New Zealand science managers and the Fisheries New
Zealand Principal Science Advisor to their priority stocks for harvest estimation to facilitate
good survey design. In years when national surveys are not being conducted, Fisheries New
Zealand fisheries managers and fisheries scientists will work closely together to prioritise the
meeting of other key information needs in relation to marine amateur fisheries.

Technical objectives

2. To review new research information on the harvest and harvesting patterns of marine amateur
fishers using off-site and/or on-site methods, focussing primarily on priority non-commercial
and shared stocks or fisheries identified by fisheries managers.

3. To develop methods for making reliable estimates of total catch by fish stock (finfish and
shellfish); catch per unit of effort (CPUE); fish lengths and weights within the harvest; daily
bag sizes in relation to limits; the spatial and temporal variability of fishing, CPUE, or harvest;
and other information likely to inform fisheries management decisions, the development of
environmental standards, or the formulation of relevant policy.

Working Group reports

4. In collaboration with relevant Stock Assessment Working Group Chairs, to provide timely and
current information on marine amateur harvest for Working Group reports for non-commercial
and shared stocks. MAFWG will also periodically review information on marine amateur
harvest in Working Group reports to ensure accuracy and currency.

5. As necessary, provide information and advice on other management considerations for marine
amateur fisheries (e.g. effects of fishing on habitat, other sources of mortality, and potential
input controls such as bag limits, mesh sizes, and minimum legal sizes) required for specifying
sustainability measures.

6. It is desirable that full agreement amongst technical experts is achieved on the information
provided for Working Group reports on the harvest and other aspects of marine amateur
fisheries. If full agreement amongst technical experts cannot be reached, the Chair will
determine how this will be depicted in the Working Group report, will document the extent to
which agreement or consensus was achieved, and record and attribute any residual
disagreement in the meeting notes.

Membership and Protocols for all Science Working Groups

7. MAFWG members are bound by the Membership and Protocols required for all Science
Working Group members (see separate document).
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Membership and Protocols for all Science Working Groups in 2019

This document summarises the protocols for membership and participation in all Science Working
Groups including Fisheries Assessment Working Groups (FAWGs), the Aquaculture Working Group
(AQWQ), the Aquatic Environment Working Group (AEWG), the Biodiversity Research Advisory
Group (BRAG), the Highly Migratory Species Working Group (HMS), the South Pacific Working
Group (SPACWG), the Antarctic Working Group (ANTWG), and the Marine Amateur Fisheries
Working Group (MAFWG).

Working Group chairs

L. Fisheries New Zealand will select and appoint the Chairs for Science Working Groups. The
Chair will be a Fisheries New Zealand fisheries or marine scientist who is an active participant
in the Working Group, providing technical input, rather than simply being a facilitator. Working
Group Chairs will be responsible for:

* ensuring that Working Group participants are aware of the Terms of Reference for the Working
Group, and that the Terms of Reference are adhered to by all participants;

*  setting the rules of engagement, facilitating constructive questioning, and focussing on
relevant issues;

*  ensuring that all peer review processes are conducted in accordance with the Research and
Science Information Standard for New Zealand Fisheries® (the Research Standard), and
that research and science information is reviewed by the relevant Working Group against
the P R I O R principles for science information quality (page 6 in the Research Standard)
and the criteria for peer review (pages 12—16 in the Research Standard);

*  requesting and documenting the names and affiliations of participants at each Working
Group meeting and ensuring that these are noted in the Working Group meeting notes.
Chairs are responsible for managing conflicts of interest (refer to page 15 of the Research
Standard), and ensuring that fisheries management or aquaculture implications do not
jeopardise the objectivity of the review or result in biased interpretation of results;

*  ensuring that the quality of information that is intended or likely to inform fisheries
management or aquaculture decisions, the development of environmental standards or the
formulation of relevant fisheries policy is ranked in accordance with the information
ranking guidelines in the Research Standard (page 21-23), and that resulting information
quality ranks are appropriately documented in the Fisheries Assessment Plenary and the
Aquatic Environment and Biodiversity Annual Review (AEBAR);

*  striving for consensus while ensuring the transparency and integrity of research analyses,
results, conclusions and final reports; and

*  reporting on Working Group recommendations, conclusions and action items; and
ensuring follow-up and communication with the Fisheries New Zealand Principal Science
Advisor, relevant Fisheries New Zealand fisheries management or aquaculture staff, and
other key stakeholders.

Working Group members

2. Membership of Science Working groups will be open to any participant with the agreement of
the Working Group Chair.
3. Working Groups will consist of the following participants:

*  Fisheries New Zealand science chair — required;

3 Link to the Research Standard: http://www.fish.govt.nz/en-
nz/Publications/Research+and+Science+Information+Standard.htm
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*  research providers — required (may be the primary researcher, or a designated substitute
capable of presenting and discussing the agenda item);

*  other scientists not conducting the presented research to act in a peer review capacity;

*  representatives of relevant Fisheries New Zealand fisheries management or aquaculture
teams; and

*  any interested party who agrees to the standards of participation below.

Working Group participants must commit to:

*  participating appropriately in the discussion;
*  resolving issues;

*  following up on agreements and tasks;

*  maintaining confidentiality of Working Group discussions and deliberations (unless
otherwise agreed in advance, and subject to the constraints of the Official Information
Act);

*  adopting a constructive approach;

*  avoiding repetition of earlier deliberations, particularly where agreement has already been
reached;

*  facilitating an atmosphere of honesty, openness and trust;
*  respecting the role of the Chair; and

*  listening to the views of others, and treating them with respect.

Participants in Working Group meetings will be expected to declare their sector affiliations and
contractual relationships to the research under review, and to declare any substantial conflicts
of interest related to any particular issue or scientific conclusion.

Working Group participants must adhere to the requirements of independence, impartiality and
objectivity listed under the Peer Review Criteria in the Research Standard (pages 12—16). It is
understood that Working Group participants will often be representing particular sectors and
interest groups, and may be expressing the views of those groups. However, when participating
in the review of science information, representatives are expected to step aside from their sector
affiliations, and to ensure that individual and sector views do not result in bias in the science
information and conclusions.

Participants in each Working Group will have access to the corresponding sections of the
Science Working Group website including the Working Group papers and other information
provided in those sections. Access to Science Working Group websites will generally be
restricted to those who have a reasonable expectation of attending at least one meeting of a
given Science Working Group each year.

Working Group members who do not adhere to the standards of participation (paragraph 4), or
who use Working Group papers and related information inappropriately (see paragraph 10),
may be requested by the Chair to leave a particular meeting or to refrain from attending one or
more future meetings. In more serious instances, members may be removed from the Working
Group membership and denied access to the Working Group website for a specified period of
time.

Working Group papers and related information

0.
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Working Group papers will be posted on the Fisheries New Zealand website prior to meetings
if they are available. As a general guide, PowerPoint presentations and draft or discussion
papers should be available at least two working days before a meeting, and near-final papers
should be available at least five working days before a meeting if the Working Group is
expected to agree to the paper. However, it is also likely that some papers will be made available



10.

11.

for the first time during the meeting due to time constraints. If a paper is not available for
sufficient time before the meeting, the Chair may provide for additional time following the
meeting for additional comments from Working Group members.

Working Group papers are “works in progress” intended to facilitate the discussion of analyses
by the Working Groups. They often contain preliminary results that are receiving peer review
for the first time and, as such, may contain errors or preliminary analyses that will be superseded
by more rigorous work. For these reasons, no-one may release the papers or any
information contained in these papers to external parties. In general, Working Group
papers should not be cited. Exceptions may be made in rare instances by obtaining permission
in writing from the Principal Advisor Fisheries Science, and the authors of the paper. It is also
anticipated that Working Group participants who are representing others at a particular
Working Group meeting or series of such meetings may wish to communicate preliminary
results to the people they are representing. Participants, along with recipients of the information,
are required to exercise discretion in doing this, and to guard against preliminary results being
made public.

From time to time, Fisheries New Zealand commissions external reviews of analyses, models
or issues. Terms of Reference for these reviews and the names of external reviewers may be
provided to the Working Group for information or feedback. It is extremely important to the
proper conduct of these reviews that all contact with the reviewers is through the Chair of the
Working Group or the Principal Advisor Fisheries Science. Under no circumstances should
Working Group members approach reviewers directly until after the final report of the review
has been published.

Working Group meetings

12.

13.

14.

15.

15.

16.

Meetings will take place as required, generally January—April and July-November for FAWGs
and throughout the year for other Working Groups (AEWG, AQWG, BRAG, HMSWG,
SPACWG, ANTWG and MAFWG).

A quorum will be reached when the Chair, the designated presenter, and at least three other
technical experts are present. In the absence of a quorum, the Chair may decide to proceed as a
sub-group, with outcomes being discussed with the wider Working group via email or taken
forward to the next meeting at which a quorum is formed.

The Chair is responsible for deciding, with input from the entire Working Group, but focussing

primarily on the technical discussion and the views of technical expert members:

*  the quality and acceptability of the information and analyses under review;

*  the way forward to address any deficiencies;

*  the need for any additional analyses;

*  contents of research reports, Working Group reports and AEBAR chapters;

*  choice of best models and sensitivity analyses to be presented; and

*  the status of the stocks, or the status/performance in relation to any relevant environmental
standards or targets.

The Chair is responsible for facilitating a consultative and collaborative discussion.

Working Group meetings will be run formally, with agendas pre-circulated, and formal records
kept of recommendations, conclusions and action items.

A record of recommendations, conclusions and action items will be posted on the Fisheries
New Zealand website after each meeting has taken place.

23



17.

18.

19.

20.

Data upon which analyses presented to the Working Groups are based must be provided to
Fisheries New Zealand in the appropriate format and level of detail in a timely manner (i.e. the
data must be available and accessible to Fisheries New Zealand; however, data confidentiality
concerns mean that some data may not necessarily be made available to Working Group
members).

Working Group processes will be evaluated periodically, with a view to identifying
opportunities for improvement. Terms of Reference and the Membership and Protocols may be
updated as part of this review.

Fisheries New Zealand scientists and science officers will provide administrative support to the
Working Groups.

Information Quality Ranking

Science Working Groups are required to rank the quality of research and science information
that is intended or likely to inform fisheries management or aquaculture decisions, in
accordance with the science information quality ranking guidelines in the Research Standard
(pages 21-23). Information quality rankings should be documented in Working Group reports
and, where appropriate, in Status of Stock summary tables. Note that:

*  Working Groups are not required to rank all research projects and analyses, but key pieces

of information that are expected or likely to inform fisheries management or aquaculture
decisions, the development of environmental decisions or the formulation of relevant
policy should receive a quality ranking;

*  explanations substantiating the quality rankings will be included in Working Group
reports. In particular, the quality shortcomings and concerns for moderate/mixed and low
quality information should be documented; and

the Chair, working with participants, will determine which pieces of information require a
quality ranking. Not all information resulting from a particular research project would be
expected to achieve the same quality rank, and different quality ranks may be assigned to
different components, conclusions or pieces of information resulting from a particular
piece of research.

Record-keeping

21.
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The overall responsibility for record-keeping rests with the Chair of the Working Group, and
includes:

*  keeping notes on recommendations, conclusions and follow-up actions for all Working

Group meetings, and to ensure that these are available to all members of the Working
Group and the Principal Advisor Fisheries Science in a timely manner. If full agreement
on the recommendations or conclusions cannot readily be reached amongst technical
experts, then the Chair will document the extent to which agreement or consensus was
achieved, and record and attribute any residual disagreement in the meeting notes; and

compiling a list of generic assessment issues and specific research needs for each stock,
species or environmental issue under the purview of the Working Group, for use in
subsequent research planning processes.



Fisheries Assessment Working Groups: Membership 2019

Antarctic Working Group

Convenor:

Members:

Species:

Marine Pomaréde

Matthew Baird, David Bowden, Martin Cryer, Moira Decima, Jennifer Devine, Alistair
Dunn, Regina Eisert, Jack Fenaughty, Brit Finucci, Malcolm Francis, Debbie Freeman,
Greig Funnell, Lesley Gould, Stuart Hanchet, Kath Large, Michelle LaRue, Alexandra
Macdonald, Brad Moore, Sophie Mormede, , Richard O’Driscoll, Steve Parker, Matt
Pinkerton, Brodie Plum, Darryn Shaw, Gretchen Skea, Andy Smith, Darren Stevens,
Karen Tunley, Kalolaine Vaipuna, Josh Van Lier, Barry Weeber, Bob Zuur.

Antarctic toothfish

Aquatic Environment Working Group

Convenors:

Members:

Rich Ford, Ben Sharp and Nathan Walker

Ed Abraham, Owen Anderson, Sonja Austin, Hilary Ayrton, Karen Baird, Suze Baird,
Barry Baker, Scott Baker, Sira Ballara, Joshua Baller, Josh Barclay, Steve Beatson,
Katrin Berkenbusch, Tiffany Bock, Lesley Bolton-Ritchie, Laura Boren, Erin Breen,
Anthony Brett, Niall Broekhuizen, lan Brown, Paul Breen, Tania Cameron, Simon
Childerhouse, Bill Chisholm, Malcolm Clark, Tom Clark, Katie Clemens-Seely,
Deanna Clement, George Clement, Justin Cooke, Igor Debski, Peter Dillingham, Matt
Dunn, Charles Edwards, Mark Edwards, Jack Fenaughty, Brit Finucci, David Foster,
Rich Ford, Chris Francis, Malcolm Francis, Allen Frazer, Laura Furneaux, Sharleen
Gargiulo, Mark Geytenbeek, William Gibson, Neil Gilbert, Kim Goetz, Cara Halford,
Nicholas Hay, Trude Hellesland, Jeremy Helson, Kristina Hillock, John Holdsworth,
Lyndsey Holland, Brigid Kerrigan, Daniel Kerrigan, Kirstie Knowles, David Kopp, Jo
Lambie, Todd Landers, Laws Lawson, Amanda Leathers, Mary Livingston, Carolyn
Lundquist, Dave Lundquist, Greg Lydon, Darryl MacKenzie, Gemma McGrath, Andy
McKay, Andy McKenzie, Alicia McKinnon, Peter McMillan, Stefan Meyer, David
Middleton, Janice Molloy, Kiri Morgan, Sophie Mormede, Phil Neubauer, Richard
O’Driscoll, Jenny Oliver, Tracey Osborne, Enrique Pardo, Graham Parker, Steve
Parker, Darren Parsons, Mike Patrick, Johanna Pierre, Trish Rea, Yvan Richard, Peter
Ritchie, Jim Roberts, Christine Rose, Charles Rowe, Carol Scott, Liz Slooten, Andy
Smith, Paul Starr, John Taunton-Clark, David Thompson, Finlay Thompson, Rob
Tilney, Geoff Tingley, Rob Tinkler, Di Tracey, Ian Tuck, Karen Tunley, Anton Van
Helden, Adam Watson, D’ Arcy Webber, Barry Weeber, Richard Wells, Tamar Wells,
James Williams, Oliver Wilson, Andrew Wright, Jingjing Zhang.

Deepwater Working Group

Convenors:

Members:

Species:

Alistair Dunn and Gretchen Skea

Suze Baird, Sira Ballara, Tiffany Bock, Malcolm Clark, George Clement, Patrick
Cordue, Matt Dunn, Adele Dutilloy, Jack Fenaughty, Brit Finucci, David Foster, Stuart
Hanchet, Charles Heaphy, Lyndsey Holland, Steven Holmes, Peter Horn, Daniel
Kerrigan, Marco Kienzle, David Kopp, Adam Langley, Kath Large, Laws Lawson,
Mary Livingston, Greg Lydon, Pamela Mace, Dan MacGibbon, Vidette McGregor,
Andy McKay, Andy McKenzie, Jeremy McKenzie, Peter McMillan, Richard
O’Driscoll, Graham Patchell, Jim Roberts, Tim Ryan, Andy Smith, Paul Starr, Rob
Tilney, Geoff Tingley, Rob Tinkler, Di Tracey, D’Arcy Webber, Barry Weeber,
Richard Wells, Jingjing Zhang.

Alfonsino Ling
Arrow squid Lookdown dory
Barracouta (BAR 4,5 & 7) Orange roughy
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Black cardinalfish Redbait

Black oreo Ribaldo (RIB 3 — 8)

Blue mackerel (EMA 3&7) Rubyfish

Frostfish (FRO 3 —9) Sea perch (SPE 3 —7)
Gemfish (SKI 3&7) Silver warehou

Dark ghost shark (GSH 4 — 6) Smooth oreo

Pale ghost shark Southern blue whiting
Hake Spiny dogfish (SPD 4&5)
Hoki White warehou

Jack Mackerel (JMA 3&7)

Eel Working Group
Convenor: Marc Griffiths

Members: Joshua Baller, Mike Beentjes, Jacques Boubee, Anthony Brett, Anthony Charsley, Bill
Chisholm, Shannan Crowe, Allen Frazer, Eric Graynoth,, Tom Hollings, Mike Holmes,
Simon Howard, Simon Hoyle, Mark James, John Jameson, Erik Kuijten, Pamela Mace,
Michael Martin,, Duncan Petrie, Alan Riwaka , John Taunton-Clark, Dave West, Erica
Williams.

Species: Freshwater eels

Fisheries Data Working Group
Convenor: Kim George

Members: Cara Halford, Jeremy Helson, David Kopp, Adam Langley, Greg Lydon, Pamela Mace,
Alicia McKinnon, David Middleton, Paul Starr, Daryl Sykes, John Taunton-Clark,
Finlay Thompson.

Marine Amateur Fisheries Working Group
Convenors:  Martin Cryer and Gretchen Skea

Members: Sonja Austin, Josh Barclay, Steve Beatson, Marty Bowers, Erin Breen, Paul Breen,
Tom Clark, Mark Edwards, Laura Furneaux, Mark Geytenbeek, Cara Halford, Bruce
Hartill, Nicholas Hay, Jeremy Helson, John Holdsworth, Brigid Kerrigan, David Kopp,
Laws Lawson, Andy McKay, Alicia McKinnon, David Middleton, Trish Rea, Merrill
Rudd, Carol Scott, Paul Starr, Daryl Sykes, John Taunton-Clark, Scott Tindale, D’ Arcy
Webber, Oliver Wilson.

Northern and Southern Inshore Working Group
Convenor: Marc Griffiths

Members: John Annala, , Josh Barclay, Mike Beentjes, Anthony Brett, Bill Chisholm, Tom Clark,
Phil Clow, Matt Dunn, Malcolm Francis, Allen Frazer, Laura Furneaux, Mark
Geytenbeek, Bruce Hartill, George Harvey, Nicholas Hay, Jeremy Helson, Sonja
Hempel, John Holdsworth, Rosie Hurst, John Jameson, Terese Kendrick, Adam
Langley, Laws Lawson, Graeme McGregor, Dan MacGibbon, Andy McKay, Jeremy
McKenzie, Alicia McKinnon, David Middleton, Connor Nielson, Richard O’Driscoll,
Tom Oosting, Yvan Papa, Steve Parker, Darren Parsons, Nathan Reid, Peter Ritchie,
Max Schofield, Carol Scott, Bill Smellie, Paul Starr, Kevin Sullivan, Ali Undorf-Lay,
John Taunton-Clark, Peter van Kampen, Cameron Walsh, Tamara Wells, Oliver
Wilson.
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Species: Anchovy Jack Mackerel (JMA 1) Rough Skate

Barracouta (BAR 1) John dory School shark

Bluenose Kahawai Sea perch (SPE1,2,8,9)
Blue cod Kingfish Smooth Skate

Blue mackerel (EMA 1&2) Leatherjacket Snapper

Blue moki Ling (LIN 1&2) Spiny dogfish (SPD1,3,7,8)
Blue warehou Parore Sprats

Butterfish Pilchard Stargazer

Elephant fish Porae Tarakihi

Flatfish Red cod Trevally

Gemfish (SKI 1&2) Red gurnard Trumpeter

Garfish Red snapper Yellow-eyed mullet
Grey mullet Rig

Groper Ribaldo (RIB 1,2 & 9)

Shellfish Working Group
Convenors: Julie Hills and Marine Pomaréde

Members: John Annala, Josh Barclay, Mike Beentjes, Roger Belton, Katrin Berkenbusch,
Anthony Brett, Des Boyce, Andrew Caddie, Damian Cloeter, Hannah Charan-Dixon,
Mike Connolly, Jeremy Cooper, Martin Cryer, Alistair Dunn, Buzz Falconer, Jack
Fenaughty, Rich Ford, Allen Frazer, Mark Geytenbeek, Sean Handley, Tim Healy, Eric
Jorgensen, Daniel Kerrigan, Doug Loder, Pamela Mace, Tom McCowan, Keith
Michael, David Middleton, Bryony Miller, Reyn Naylor, Phil Neubauer, Tracy
Osborne, Mathieu Poot, Daniel Pritchard, Storm Stanley, Laura Tremblay-Boyer, lan
Tuck, Gordon Wade, D’ Arcy Webber, Chris West, James Williams, Graeme Wright.

Species: Cockles Kina Triangle shell
Deepwater crab Paddle crab Ringed dosinia
Dredge oysters Paua Fine (Silky) dosinia
Deepwater (king) clam Pipi Scallop
(Geoduc) Red crab Scampi
Green-lipped mussel Queen scallop Surf clam
King crab Deepwater tuatua Toheroa
Frilled venus shell Giant spider crab Tuatua
Knobbled whelk Trough shell Horse mussel
Sea cucumber Large trough shell

Statistics, Assessments and Methods Working Group
Convenor: Pamela Mace

Members: Edward Abraham, John Annala, Paul Breen, Marc Chambers, Patrick Cordue, Ian
Doonan, Alistair Dunn, Matt Dunn, Adele Dutilloy, Jack Fenaughty, Marc Griffiths,
Julie Hills, Steven Holmes, Simon Hoyle, Marco Kienzle, Adam Langley, Kath Large,
Vidette McGregor, Andy McKenzie, Jeremy McKenzie, David Middleton, Marine
Pomarede, Sophie Mormede, Phil Neubauer, Richard O’Driscoll, Nokuthaba Sibanda,
Gretchen Skea, Paul Starr, Daryl Sykes, John Taunton-Clark, Geoff Tingley, Ian Tuck,
D’ Arcy Webber, Maren Wellenreuther.
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Guide to Biological Reference Points for Fisheries Assessment Meetings

The Guide to Biological Reference Points was originally developed by a Stock Assessment Methods
Working Group in 1988, with the aim of defining commonly used terms, explaining underlying
assumptions, and describing the biological reference points used in fisheries assessment meetings and
associated reports. However, this document has not been substantially revised since 1992 and the
methods described herein, while still used in several assessments, have been replaced with other
approaches in a number of cases. Some of the latter approaches are described in the Harvest Strategy
Standard for New Zealand Fisheries and the associated Operational Guidelines, and are being further
developed in various Fisheries Assessment Working Groups and the current Stock Assessment Methods
Working Group.

Here, methods of estimation appropriate to various circumstances are given for two levels of yield:
Maximum Constant Yield (MCY) and Current Annual Yield (CAY), both of which represent different
forms of maximum sustainable yield (MSY). The relevance of these to the setting of Total Allowable
Catches (TACs) is discussed.

Definitions of MCY and CAY

The Fisheries Act 1996 defines Total Allowable Catch in terms of maximum sustainable yield (MSY).
The definitions of the biological reference points, MCY and CAY, derive from two ways of viewing
MSY: a static interpretation and a dynamic interpretation. The former, associated with MCY, is based
on the idea of taking the same catch from the fishery year after year. The latter interpretation, from
which CAY is derived, recognises that fish populations fluctuate in size from year to year (for
environmental and biological, as well as fishery, reasons) so that to get the best yield from a fishery it
is necessary to alter the catch every year. This leads to the idea of maximum average yield (MAY) which
is how fisheries scientists generally interpret MSY (Ricker 1975).

The definitions are:

MCY — Maximum Constant Yield
The maximum constant catch that is estimated to be sustainable, with an acceptable
level of risk, at all probable future levels of biomass.

and
CAY — Current Annual Yield
The one-year catch calculated by applying a reference fishing mortality, Frer, to an
estimate of the fishable biomass present during the next fishing year. Frer is the level
of (instantaneous) fishing mortality that, if applied every year, would, within an
acceptable level of risk, maximise the average catch from the fishery.

Note that MCY is dependent to a certain extent on the current state of the fish stock. If a stock is fished
at the MCY level from a virgin state then over the years its biomass will fluctuate over a range of levels
depending on environmental conditions, abundance of predators and prey, etc. For stock sizes within
this range the MCY remains unchanged (though our estimates of it may well be refined). If the current
state of the stock is below this range the MCY will be lower.

The strategy of applying a constant fishing mortality, Frer, from which the CAY is derived each year is
an approximation to a strategy which maximises the average yield over time. For the purposes of this
document the MAY is the long-term average annual catch when the catch each year is the CAY. With
perfect knowledge it would be possible to do better by varying the fishing mortality from year to year.
Without perfect knowledge, adjusting catch levels by a CAY strategy as stock size varies is probably
the best practical method of maximising average yield. Appropriate values for Fre are discussed below.

What is meant by an “acceptable level of risk” for MCYs and CAYs is intentionally left undefined here.
For most stocks our level of knowledge is inadequate to allow a meaningful quantitative assessment of
risk. However, we have two qualitative sources of information on risk levels: the experience of fisheries
scientists and managers throughout the world, and the results of simulation exercises such as those of
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Mace (1988a). Information from these sources is incorporated, as much as is possible, in the methods
given below for calculating MCY and CAY.

It is now well known that MCY is generally less than MAY (see, e.g., Doubleday 1976, Sissenwine
1978, Mace 1988a). This is because CAY will be larger than MCY in the majority of years. However,
when fishable biomass becomes low (through overfishing, poor environmental conditions, or a
combination of both), CAY will be less than MCY. This is true even if the estimates of CAY and MCY
are exact. The following diagram shows the relationships between CAY, MCY and MAY.

0.8 1

0.6

Relative Catch

0.4

0.2 1

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Years

Figure 1: Relationship between CAY, MCY and MAY.

In this example CAY represents a constant fraction of the fishable biomass, and so (if it is estimated and
applied exactly) it will track the fish population exactly. MAY is the average over time of CAY. The
reason MCY is less than MAY is that MCY must be low enough so that the fraction of the population
removed does not constitute an unacceptable risk to the future viability of the population. With an MCY
strategy, the fraction of a population that is removed by fishing increases with decreasing stock size.
With a CAY strategy, the fraction removed remains constant. A constant catch strategy at a level equal
to the MAY, would involve a high risk at low stock sizes.

Relationship Between MCY, CAY, TAC and Total Allowable Commercial Catch (TACC)

The TAC covers all mortality to a fish stock caused by human activity, whereas the TACC includes
only commercial catch. MCY and CAY are reference points used to evaluate whether the current stock
size can support the current TAC and/or TACC. It should not be assumed that the TAC and/or TACC
will be equal to either one of these yields. There are both legal and practical reasons for this.

Legally, we are bound by the Fisheries Act 1996. In setting or varying any TACC for any quota
management stock, ‘the Minister shall have regard to the total allowable catch for that stock and shall
allow for —

(a) The following non-commercial fishing interests in that stock, namely —
(1) Maori customary non-commercial fishing interests; and
(i1) Recreational interests; and

(b) All other mortality to that stock caused by fishing.

From a practical point of view it must be acknowledged that the concepts of MCY and CAY are directly
applicable only in idealised management regimes. The MCY could be used in a regime where a catch
level was to be set for once and for all; our system allows changes to be made if, the level is found to
be too low or too high.

With a CAY strategy the yield would probably change every year. Even if there were no legal

impediments to following a CAY strategy, the fishing industry's desire for stability may be a sufficient
reason to make TACC changes only when the need is pressing.
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Natural and Fishing Mortality

Before describing how to calculate MCY and CAY we must discuss natural and fishing mortality, which
are used in these calculations. Both types of mortality are expressed as instantaneous rates (thus, over
N years a total mortality Z will reduce a population of size B to size Be ™, ignoring recruitment and
growth). Units for mortalities are 1/year.

Natural mortality
Methods of estimating natural mortality, M, are reviewed by Vetter (1988). When a lack of data rules
out more sophisticated methods, M may be estimated by the formula,

log,(p)
M= —¢"2
A

where p is the proportion of the population that reaches age A (or older) in an unexploited stock. p is
often set to 0.01, when A is the "maximum age" observed. Other values for p may be chosen dependent
on the fishing history of the stock. For example, in an exploited stock the maximum observed age may
correspond to a value of p = 0.05, or higher. For a discussion of the method see Hoenig (1983).

Reference Fishing Mortalities
Reference fishing mortalities in widespread use include F, ,, F ¢y F i Fazeys and M.

The most common reference fishing mortality used in the calculation of CAY (and, in some cases, MCY)
is Fgs (pronounced 'F zero point one'). This is used as a basis for fisheries management decisions
throughout the world and is widely believed to produce a high level of yield on a sustainable basis
(Mace 1988Db). It is estimated from a yield per recruit analysis as the level of fishing mortality at which
the slope of the yield-per-recruit curve is 0.1 times the slope at F = 0. If an estimate of F,;is not
available an estimate of M may be substituted.

Faax, the fishing mortality that produces the maximum yield per recruit. It may be too high as a target
fishing mortality because it does not account for recruitment effects (e.g. recruitment declining as stock
size is reduced). However, it may be a valid reference point for those fisheries that have histories of
sustainable fishing at this level.

F asy, the fishing mortality corresponding to the deterministic MSY, is another appropriate reference
point. Fsy may be estimated from a surplus production model, or a combination of yield per recruit
and stock recruitment models.

When economic data are available it may be possible to calculate Fazy the fishing mortality
corresponding to the maximum (sustainable) economic yield.

Every reference fishing mortality corresponds to an equilibrium or long-run average stock biomass.
This is the biomass which the stock will tend towards or randomly fluctuate around, when the reference
fishing mortality is applied constantly. The fluctuations will be caused primarily by variable
recruitment. It is necessary to examine the equilibrium stock biomass corresponding to any candidate
reference fishing mortality.

A reference fishing mortality which corresponds to a low stock biomass may be undesirable if the low

biomass would lead to an unacceptable risk of stock collapse. For fisheries where this applies a lower
reference fishing mortality may be appropriate.
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Natural Variability Factor

Fish populations are naturally variable in size because of environmental variability and associated
fluctuations in the abundance of predators and food. Computer simulations (e.g., Mace 1988a) have
shown that, all other things being equal, the MCY for a stock is inversely related to the degree of natural
variability in its abundance. That is, the higher the natural variability, the lower the MCY.

The natural variability factor, c, provides a way of incorporating the natural variability of a stock's
biomass into the calculation of MCY. It is used as a multiplying factor in method 5 below. The greater
the variability in the stock, the lower is the value of . Values for ¢ should be taken from the table below
and are based on the estimated mean natural mortality rate of the stock. It is assumed that because a
stock with a higher natural mortality will have fewer age-classes it will also suffer greater fluctuations
in biomass. The only stocks for which the table should be deviated from are those where there is
evidence that recruitment variability is unusually high or unusually low.

Natural mortality rate Natural variability factor
M c
<0.05 1.0
0.05-0.15 0.9
0.16-0.25 0.8
0.26-0.35 0.7
>0.35 0.6

Methods of Estimating MCY

It should be possible to estimate MCY for most fish stocks (with varying degrees of confidence). For
some stocks, only conservative estimates for MCY will be obtainable (e.g., some applications of Method
4) and this should be stated. For other stocks it may be impossible to estimate MCY. These stocks
include situations in which: the fishery is very new; catch or effort data are unreliable; strong upwards
or downwards trends in catch are not able to be explained by available data (e.g., by trawl survey data
or by catch per unit effort data).

When catch data are used in estimating MCY all catches (commercial, illegal, and non-commercial)
should be included if possible. If this is not possible and the excluded catch is thought to be a significant
quantity, then this should be stated.

The following examples define MCY in an operational context with respect to the type, quality and
quantity of data available. Knowledge about the accuracy or applicability of the data (e.g., reporting
anomalies, atypical catches in anticipation of the introduction of the Quota Management System) should
play a part in determining which data sets are to be included in the analysis.

As a general rule it is preferable to apply subjective judgements to input data rather than to the calculated
MCYs. For example, rather than saying “with the official catch statistics the MCY is X tonnes, but we
think this is too high because the catch statistics are wrong” it would be better to say “we believe (for
reasons given) that the official statistics are wrong and the true catches were probably such and such,
and the MCY based on these catches is Y tonnes”.

Background information on the rationale behind the following calculation methods can be found in
Mace (1988a) and other scientific papers listed at the end of this document.
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New fisheries
MCY = 0.25F0.1B0

where By is an estimate of virgin recruited biomass. If there are insufficient data to conduct a yield per
recruit analysis Fo1 should be replaced with an estimate of natural mortality (M). Tables 1-3 in Mace
(1988b) show that Fo 1 is usually similar to (or sometimes slightly greater than) M.

It may appear that the estimate of MCY for new fisheries is overly conservative, particularly when
compared to the common approximation to MSY of 0.5MBy (Gulland 1971). However various authors
(including Beddington & Cooke 1983; Getz et al 1987; Mace 1988a) have shown that 0.5MBj often
overestimates MSY, particularly for a constant catch strategy or when recruitment declines with stock
size. Moreover it has often been observed that the development of new fisheries (or the rapid expansion
of existing fisheries) occurs when stock size is unusually large, and that catches plummet as the
accumulated biomass is fished down.

It is preferable to estimate MCY from a stochastic population model (Method 5), if this is possible. The
simulations of Mace (1988a) and Francis (1992) indicate that the appropriate factor to multiply Fo1Bo
may be somewhat higher or somewhat lower than 0.25. This depends primarily on the steepness of the

assumed stock recruitment relationship (see Mace & Doonan 1988 for a definition of steepness).

New fisheries become developed fisheries once F has approximated or exceeded M for several
successive years, depending on the lifespan of the species.

2. Developed fisheries with historical estimates of biomass
MCY = O'SFO.lBAV
where Bay is the average historical recruited biomass, and the fishery is believed to have been fully

exploited (i.e., fishing mortality has been near the level that would produce MAY). This formulation
assumes that F, approximates the average productivity of a stock.

As in the previous method an estimate of M can be substituted for Fo1 if estimates of Fo1 are not
available.

3. Developed fisheries with adequate data to fit a population model

MCY = 2/3 MSY
where MSY is the deterministic maximum equilibrium yield.
This reference point is slightly more conservative than that adopted by several other stock assessment
agencies (e.g. ICES, CAFSAC) that use as a reference point the equilibrium yield corresponding to 2/3
of the fishing effort (fishing mortality) associated with the deterministic equilibrium MSY.
If it is possible to estimate MSY then it is generally possible to estimate MCY from a stochastic
population model (Method 5), which is the preferable method. The simulations of Mace (1988a) and
Francis (1992) indicate that the appropriate factor to multiply MSY varies between about 0.6 and 0.9.
This depends on various parameters of which the steepness of the assumed stock recruitment

relationship is the most important.

If the current biomass is less than the level required to sustain a yield of 2/3 MSY then
MCY =2/ CSP

where CSP is the deterministic current surplus production.
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4. Catch data and information about fishing effort (and/or fishing mortality), either
qualitative or quantitative, without a surplus production model

MCY = cYyy,

where C is the natural variability factor (defined above) and Y av is the average catch over an appropriate
period.

If the catch data are from a period when the stock was fully exploited (i.e. fishing mortality near the
level that would produce MAY), then the method should provide a good estimate of MCY. In this case,
Yav = MAY. If the population was under-exploited the method gives a conservative estimate of MCY.

Familiarity with stock demographics and the history of the fishery is necessary for the determination of
an appropriate period on which to base estimates of Yay. The period chosen to perform the averaging
will depend on the behaviour of the fishing mortality or fishing effort time series, the prevailing
management regime, the behaviour of the catch time series, and the lifespan of the species.

The period should be selected so that it contains no systematic changes in fishing mortality (or fishing
effort, if this can be assumed to be proportional to fishing mortality). Note that for species such as
orange roughy, where relatively static aggregations are fished, fishing mortality cannot be assumed to
be proportional to effort. If catches during the period are constrained by a TACC then it is particularly
important that the assumption of no systematic change in fishing mortality be adhered to. The existence
of a TACC does not necessarily mean that the catch is constrained by it.

The period chosen should also contain no systematic changes in catch. If the period shows a systematic
upward (or downward) trend in catches then the MCY will be under-estimated (over-estimated). It is
desirable that the period be equal to at least half the exploited life span of the fish.

5. Sufficient information for a stochastic population model

This is the preferred method for estimating MCY but it is the method requiring the most information. It
is the only method that allows some specification of the risk associated with an MCY.

The simulations in Mace (1988a) and Breen (1989) provide examples of the type of calculations
necessary for this method. A trial and error procedure can be used to find the maximum constant catch
that can be taken for a given level of risk. The level of risk may be expressed as the probability of stock
collapse within a specified time period. At the moment Fisheries New Zealand has no standards as to
how stock collapse should be defined for this purpose, what time period to use, and what probability of
collapse is acceptable. These will be developed as experience is gained with this method.

Methods of Estimating CAY

It is possible to estimate CAY only when there is adequate stock biomass data. In some instances relative
stock biomass indices (e.g., catch per unit effort data) and relative fishing mortality data (e.g., effort
data) may be sufficient. CAY calculated by method 1 includes non-commercial catch.

If method 2 is used and it is not possible to include a significant non-commercial catch, then this should
be stated.

1. Where there is an estimate of current recruited stock biomass, CAY may be calculated from the
appropriate catch equation. Which form of the catch equation should be used will depend on
the way fishing mortality occurs during the year. For many fisheries it will be a reasonable
approximation to assume that fishing is spread evenly throughout the year so that the Baranov
catch equation is appropriate and CAY is given by

Fref
cAY = —L (1 — e=(Fres+M)yp
Fref e )Breg
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Where Bgeg is the projected stock biomass at the beginning of the fishing year for which the CAY is
to be calculated and Frer is the reference fishing mortality described above.

If most of the fishing mortality occurs over a short period each year it may be better to use one of the
following equations:
CAY = (1 — e Fref)By,,

M
CAY = (1 — e Fref)e 2By,
CAY = (1 —e Fref)e™™By,,

where the first equation is used when fishing occurs at the beginning of the fishing year, the second
equation when fishing is in the middle of the year, and the third when fishing is at the end of the year.

It is important that the catch equation used to calculate CAY and the associated assumptions are the
same as those used in any model employed to estimate stock biomass or to carry out yield per recruit
analyses. Serious bias may result if this criterion is not adhered to. The assumptions and catch equations
given here are by no means the only possibilities.

The risk associated with the use of a particular Frer may be estimated using simulations.

2. Where information is limited but the current (possibly unknown) fishing mortality is thought
to be near the optimum, there are various "status quo" methods which may be applied. Details
are available in Shepherd (1984, 1991) and Pope (1983).
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Guidelines for Status of the Stocks Summary Tables

A new format for Status of the Stocks summaries was developed by the Stock Assessment Methods
Working Group over the period February-April 2009. The purpose of this project was to provide more
comprehensive and meaningful information for fisheries managers, stakeholders and other interested
parties. Previously, Status of the Stocks summary sections had not reflected the full range of information
of relevance to fisheries management contained in the earlier sections of Plenary reports, and were of
variable utility for evaluating stock status and informing fisheries management decisions.

Status of the Stocks summary tables should be constructed for all stocks except those designated as
“nominal”; e.g. those with administrative TACs or TACCs (generally less than 10-20 t) or those for
which a commercial or non-commercial development potential has not currently been demonstrated. As
of November 2014, there were a total of 292 stocks in this classification. The list of nominal stocks can

be found at: https://www.fisheries.govt.nz/dmsdocument/19331-nz-nominal-fish-stocks-2018-report.

In 2012 a number of changes were made to the format for the Status of the Stocks summary tables,
primarily for the purpose of implementing the science information quality rankings required by the
Research and Science Information Standard for New Zealand Fisheries that was approved in April 2011
(New Zealand Ministry of Fisheries 2011a). At the time, these changes were only applied for Status of
Stocks tables updated in 2012. Subsequently, an attempt has been made to revise some of the older
tables as well.

In 2013, the format was further modified to require Science Working Groups to make a determination
about whether overfishing is occurring, and to further standardise and clarify the requirements for other
parts of the table.

It is anticipated that the format of the Status of the Stocks tables will continue to be reviewed,
standardised and modified in the future so that it remains relevant to fisheries management and other
needs. New formats will be implemented each time stocks are reviewed and as time allows.

The table below provides a template for the Status of the Stocks summaries. The text following the
template gives guidance on the contents of most of the fields in the table. Superscript numbers refer to
the corresponding numbered paragraph in the following text. Light blue text provides an example of
how the table might be completed.

STATUS OF THE STOCKS TEMPLATE'

Stock Structure Assumptions’
<insert relevant text>

¢ Fishstock name®

Stock Status

Year of Most Recent Assessment 2019

Assessment Runs Presented Base case model only
Target: 40% By

Reference Points Soft Limit: 20% By

Hard Limit: 10% By

Overfishing threshold: Fl2;50

B2019 was estimated to be 50% By; Very Likely (> 90%) to be
at or above the target

B0 is Very Unlikely (< 10%) to be below both the soft and
hard limits

The fishing intensity in 2014 was Very Unlikely (< 10%) to
Status in relation to Overfishing be above the overfishing threshold

[or, Overfishing is Very Unlikely (<10%) to be occurring]

Status in relation to Target

Status in relation to Limits
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Historical Stock Status Trajectory and Current Status

<insert relevant graphs>

Fishery and Stock Trends

Recent Trend in Biomass or
Proxy

Biomass reached its lowest point in 2001 and has since
consistently increased.

Recent Trend in Fishing
Intensity or Proxy

Fishing intensity reached a peak of F=0.54 in 1999, subsequently
declining to less than F=0.2 since 2006.

Other Abundance Indices

Trends in Other Relevant
Indicators or Variables

Recent recruitment (2005-2017) is estimated to be near the long-
term average.

Projections and Prognosis

Stock Projections or Prognosis

Biomass is expected to stay steady over the next
5 years assuming current (2016—17) catch
levels.

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

Limits

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

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

Very Unlikely (< 10%)

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: 2019 | Next assessment: 2020

Overall assessment quality rank

1 — High Quality

Main data inputs (rank)

- Research time series of
abundance indices (trawl
and acoustic surveys) 1 — High Quality

- Proportions at age data
from the commercial
fisheries and trawl surveys | 1 — High Quality

- Estimates of biological
parameters 1 — High Quality

Data not used (rank)

Commercial CPUE 3 — Low Quality: does
not track stock biomass

Changes to Model Structure and
Assumptions

None since the 2012 assessment

Major sources of Uncertainty

- The base case model deals with the lack of older fish
in commercial catches and surveys by estimating
natural mortality at age which results in older fish
suffering high natural mortality. However, there is no
evidence to validate this outside the model estimates.

- Aside from natural mortality, other major sources of
uncertainty include stock structure and migration
patterns, stock-recruit steepness and natal fidelity
assumptions. Uncertainty about the size of recent year
classes affects the reliability of stock projections.
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Qualifying Comments

The impact of the current young age structure of the population on spawning success is unknown.

Fishery Interactions

Main bycatch species are hake, ling, silver warehou and spiny dogfish, with lesser bycatches of
ghost sharks, white warehou, sea perch and stargazers. Incidental interactions and associated
mortalities are noted for New Zealand fur seals and seabirds. Low productivity species taken in the
fishery include basking sharks and deepsea skates.

Guidance on preparing the Status of the Stocks summary tables

1.

Everything included in the Status of the Stocks summary table should be derived from earlier
sections in the Working Group or Plenary report. No new information should be presented in
the summary that was not encompassed in the main text of the Working Group or Plenary
report.

Stock Structure Assumptions

2.

The current assumptions regarding the stock structure and distribution of the stocks being
reported on should be briefly summarised. Where the assessed stock distribution differs from
the relevant QMA fishstock(s), an explanation must be provided of how the stock relates to
the QMA fishstock(s) it includes.

Stock Status
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3.

One Status of the Stocks summary table should be completed for each assessed stock or stock
complex.

Management targets for each stock will be established by fisheries managers. Where
management targets have not been established, it is suggested that an interim target of 40% By,
or a related Bysy-compatible target (or Flgq,, or a related target) should be assumed. In most
cases, the soft and hard limits should be set at the default levels specified in the Harvest
Strategy Standard (20% By for the soft limit and 10% By for the hard limit). Similarly, the
overfishing threshold should be set at Fisy, or a related Fiysy-compatible threshold. Overfishing
thresholds can be expressed in terms of fishing mortality, exploitation rates, or other valid
measures of fishing intensity. When agreed reference points have not been established, stock
status may be reported against interim reference points.

Reporting stock status against reference points requires Working Group agreement on the
model run to use as a base case for the assessment. The preference, wherever possible, is to
report on the best estimates from a single base case, or to make a single statement that covers
the results from a range of cases. In general, ranges or confidence intervals should not be
included in the table. Only where more than one equally plausible model run exists, and
agreement cannot be reached on a single base case, should multiple runs be reported. This
should still be done simply and concisely (e.g. median results only).

Where probabilities are used in qualifying a statement regarding the status of the stock in
relation to target, limit, or threshold reference levels, the following probability categories and
associated verbal descriptions are to be used (IPCC, 2007):



Probability Description

>99 % Virtually Certain

>90 % Very Likely

> 60 % Likely

40-60 % About as Likely as Not
<40 % Unlikely

<10 % Very Unlikely

<1% Exceptionally Unlikely

Probability categories and associated descriptions should relate to the probability of being “at
or above” biomass targets (or “at or below” fishing intensity targets if these are used), below
biomass limits, and above overfishing thresholds. Note, however, that the descriptions and
associated probabilities adopted need not correspond exactly to model outputs; rather they
should be superimposed with the Working Group’s belief about the extent to which the model
fully specifies the probabilities. This is particularly relevant for the “Virtually Certain” and
“Exceptionally Unlikely” categories, which should be used sparingly.

The status in relation to overfishing can be expressed in terms of an explicit overfishing
threshold, or it can simply be a statement about the Working Group’s belief, based on the
evidence at hand, about the likelihood that overfishing is occurring (based on, for example, a
stock abundance index exhibiting a pronounced recent increase or decline). The probability
rankings in the IPCC (2007) table above should be used. Overfishing thresholds can be
considered in terms of fishing mortality rates, exploitation rates, or other valid measures of
fishing intensity.

Historical Stock Status Trajectory and Current Status

8.

This heading should be changed to reflect the graphs that are available to illustrate trends in
biomass or fishing intensity (or proxies) and the current stock or fishery status.

Recent Fishery and Stock Trends

9.

10.

11.

Recent stock or fishery trends should be reported in terms of stock size and fishing intensity
(or proxies for these), respectively. For full quantitative (Level 1) assessments, median results
should be used when reporting biomass. Observed trends should be reported using descriptors
such as increasing, decreasing, stable, or fluctuating without trend. Where it is considered
relevant and important to fisheries management, mention could be made of whether the
indicator is moving towards or away from a target, limit, threshold, or long term average.

Other Abundance Indices: This section is primarily intended for reporting of trends where a
Level 2 (partial quantitative) evaluation has been conducted, and appropriate abundance
indices (such as standardised CPUE or survey biomass) are available.

Other Relevant Indicators or Variables: This section is primarily intended for reporting of
trends where only a Level 3 (qualitative) evaluation has been conducted. Potentially useful
indicators might include trends in mean size, size or age composition, or recruitment indices.
Catch trends vs TACC may be relevant here, provided these are qualified when other factors
are known to have influenced the trends.

Projections and Prognosis

12.

13.

These sections should be used to report available information on likely future trends in
biomass or fishing intensity or related variables under current (or a range of) catch levels over
aperiod of approximately 3—5 years following the last year in the assessment. If a longer period
is used, this must be stated.

When reporting probabilities of current catches or TACC levels causing declines below limits,
the probability rankings in the IPCC (2007) table above should be used. Results should be
reported separately (i.e. split into two rows) if the catch and TACC differ appreciably, resulting
in differing conclusions for each level of removals, with the level of each specified. The
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timeframe for the projections should be approximately 3—5 years following the last year in the
assessment unless a longer period of time is required by fisheries managers.

Assessment Methodology and Evaluation

14. Assessment type: the envisaged Assessment Levels are:

1 — Full Quantitative Stock assessment: There is a reliable index of abundance and an
assessment indicating status in relation to targets and limits.

2 — Partial Quantitative Stock Assessment: An evaluation of agreed abundance indices (e.g.
standardised CPUE) or other appropriate fishery indicators (e.g. estimates of F' (Z) based on
catch-at-age) is available. Indices of abundance or fishing intensity have not been used in a
full quantitative stock assessment to estimate stock or fishery status in relation to reference
points.

3 — Qualitative Evaluation: A fishery characterisation with evaluation of fishery trends (e.g.
catch, effort, unstandardised CPUE, or length-frequency information) has been conducted but
there is no agreed index of abundance.

4 — Low Information Evaluation: There are only data on catch and TACC, with no other fishery
indicators.

Management Procedure (MP) updates should be presented in a separate table. In years when an
actual assessment is conducted for stocks under MPs, the MP update table should be preceded

by a Status of the Stocks summary table.

Table content will vary for these different assessment levels.

Ranking of Science Information Quality
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15. The Research and Science Information Standard for New Zealand Fisheries (2011a) specifies

(pages 21-23) that the processes that rank the quality of research and science information used
in support of fisheries management decisions will be implemented. The quality ranking system
is:

1 — High Quality: information that has been subjected to rigorous science quality assurance and
peer review processes as required by this Standard, and substantially meets the key principles
for science information quality. Such information can confidently be accorded a high weight
in fisheries management decisions. An explanation is not required in the table for high quality
information.

2 —Medium or Mixed Quality: information that has been subjected to some level of peer review
against the requirements of the Standard and has been found to have some shortcomings with
regard to the key principles for science information quality, but is still useful for informing
management decisions. Such information should be accompanied by a description of its
shortcomings.

3 — Low Quality: information that has been subjected to peer review against the requirements
of the Standard but has substantially failed to meet the key principles for science information
quality. Such information should be accompanied by a description of its shortcomings and
should not be used to inform management decisions.

One of the key purposes of the science information quality ranking system is to inform
fisheries managers and stakeholders of those datasets, analyses or models that are of such poor
quality that they should not be used to make fisheries management decisions (i.e. those ranked
as “3”). Most other datasets, analyses or models that have been subjected to peer review or
staged technical guidance in the Fisheries New Zealand’s Science Working Group processes
and have been accepted by these processes should be given the highest score (ranked as “1”).
Uncertainty, which is inherent in all fisheries science outputs, should not by itself be used as
a reason to score down a research output, unless it has not been properly considered or
analysed, or if the uncertainty is so large as to render the results and conclusions meaningless



(in which case, the Working Group should consider rejecting the output altogether). A ranking
of 2 (medium or mixed quality) should only be used where there has been limited or
inadequate peer review or the Working Group has mixed views on the validity of the outputs,
but believes they are nevertheless of some use to fisheries management.

16. In most cases, the “Data not used” row can be filled in with “N/A”; it is primarily useful for
specifying particular datasets that the Working Group considered but did not use in an
assessment because they were of low quality and should not be used to inform fisheries
management decisions.

Changes to Model Assumptions and Structure
17. The primary purpose of this section is to briefly identify only the most significant model
changes that directly resulted in significant changes to results on the status of the stock
concerned, and to briefly indicate the main effect of these changes. Details on model changes
should be left in the main text of the report.

Qualifying Comments
18. The purpose of the “Qualifying Comments” section is to provide for any necessary
explanations to avoid misinterpretation of information presented in the sections above. This
section may also be used for brief further explanation considered important to understanding
the status of the stock.

Fishery Interactions
19. The “Fishery Interactions” section should be used to simply list QMS by-catch species, non-
QMS by-catch species and protected / endangered species interactions.
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ALFONSINO (BYX)

ALFONSINO (BYX)

(Beryx splendens, B. decadactylus)

1. FISHERY SUMMARY

Alfonsino was introduced into the Quota Management System (QMS) on 1 October 1986. Current
allowances, TACCs and TACs are shown in Table 1.

Table 1: Recreational and Customary non-commercial allowances, TACCs and TACs for alfonsino by Fishstock for

2017-18.
Fishstock Recreational Allowance  Customary non-commercial TACC TAC
allowance

BYX1 2 2 300 304
BYX 2 - - 1575 1575
BYX3 - - 1010 1010
BYX 7 - - 80.5 80.5
BYX 8 - - 20 20
BYX 10 - - 10 10

11 Commercial fisheries

Alfonsino has supported a major mid-water target trawl fishery off the east coast of the North Island
since 1983 and is a minor bycatch of other trawl fisheries around New Zealand. The original gazetted
TACs were based on the 1983-84 landings except for BYX 10 which was administratively set.
Recent reported domestic landings and actual TACCs are shown in Table 2, while Figure 1 shows the
historical landings and TACC values for the main BY X stocks.

Alfonsino landings in New Zealand consist almost entirely of one species, Beryx splendens: the other
species, B. decadactylus, is thought to make up less than 1% of landings. Before 1983 alfonsino were
virtually unfished, but two main fisheries now exist in New Zealand. The first to develop was the
lower east coast North Island fishery (BYX 2), which developed in the mid-1980s. The other is the
eastern Chatham Rise fishery (BYX 3), which developed in the mid-1990s. Alfonsino are caught
throughout the New Zealand EEZ but only in small quantities outside of the east coast North Island
and eastern Chatham Rise fisheries.

In BYX 1, alfonsino is mainly caught as a target species by bottom trawl within QMA 1. A smaller
amount is taken as bycatch by bottom longline in the bluenose target fishery. The TACC for BYX 1
was increased for the 2001-02 fishing year from 31 t to 300 t when it was included in the adaptive
management programme, and allocated 2 t for both customary and other mortality increasing the
TAC to a total of 304 t. The new TACC was attained for the first time in 2004-05 and has been
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undercaught since then.

BYX 2 has historically been the major alfonsino fishery in the New Zealand EEZ. Prior to 1983,
alfonsino was virtually an unfished resource. The domestic BYX 2 target fishery was developed
during 1981, and was concentrated on the banks and seamount features off the east coast of the North
Island, between Gisborne and Cape Palliser. Major fishing grounds included the Palliser Bank,
Tuaheni Rise, Ritchie Banks and Paoanui Ridge. In more recent years, the alfonsino catch and effort
has decreased from these areas, and an increasing proportion of the annual catch has been taken from
the Madden Banks and Motukura Bank.

In BYX 3 catches of alfonsino were low in the early 1990s and were mainly bycatch of the hoki
fishery. The TACC for BYX 3 was increased for the 1987-88 fishing year from 220 t to 1 000 t but
annual landings remained low until 1993-94. However, the discovery of new grounds in the mid-
1990s saw the rapid development of a target alfonsino fishery, most notably south-east of the
Chatham Islands in Statistical Area 051. Annual landings are usually close to 1000 t. The vast
majority of the BYX 3 alfonsino catch is targeted now, followed by bycatch in fisheries for orange
roughy, bluenose, hoki and hake. Catches are made all year round but decrease during the winter
months. Catches of alfonsino in the Southland and Sub-Antarctic regions of BY X 3 are negligible.

Catches of alfonsino in BYX 7 are small. They are mainly taken by vessels midwater trawling for
spawning hoki in Statistical Areas 034 and 035 in winter. There is essentially no targeting of
alfonsino in BYX 7. The TACC was increased from 30 t to 80 t in 1989 but the TACC has never
been caught. Annual landings are usually less than 30 t.

Landings have been reported from BYX 8 in only a few years. No targeting has ever been reported
from this area. All catch has been from midwater trawls targeting jack mackerel and bottom longline
targeting bluenose.

Catches of alfonsino from BYX 10 (Kermadec Region) are negligible. Apart from 1 t in 1989, and
less than 1 t in each of 1992 and 1993, there have been no reported landings of alfonsino from this
area.

Table 2: Reported domestic landings (t) of alfonsino by Fishstock from 1985-86 to 2017-18 and actual TACCs (t)
from 1986-87 to 2017-18. QMS data from 1986—present. [Continued on next page].

Fishstock BYX 1 BYX2 BYX3 BYX7
FMA (s) 1&9 2 3,45&6 7

Landings TACC Landings TACC Landings TACC Landings TACC
1985-86* 11 - 1454 - 3 - 1 -
1986-87 3 10 1387 1510 75 220 4 30
1987-88 8 27 1252 1511 101 1000 2 30
1988-89 6 27 1588 1630 64 1000 4 30
1989-90 24 31 1496 1274 147 1007 21 80
1990-91 17 31 1459 1274 202 1007 26 81
1991-92 7 31 1368 1499 264 1007 2 81
1992-93 6 31 1649 1504 113 1007 12 81
1993-94 7 31 1688 1569 275 1007 31 81
1994-95 11 31 1670 1569 482 1010 59 81
1995-96 11 31 1868 1569 961 1010 66 81
1996-97 39 31 1854 1575 983 1010 77 81
1997-98 14 31 1652 1575 1164 1010 67 81
1998-99 37 31 1658 1575 912 1010 13 81
1999-00 25 31 1856 1575 743 1010 24 81
2000-01 25 31 1665 1575 890 1010 21 81
2001-02 123 300 1574 1575 1197 1010 10 81
2002-03 136 300 1665 1575 1118 1010 7 81
2003-04 219 300 1468 1575 884 1010 11 81
2004-05 300 300 1669 1575 1067 1010 14 81
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Table 2 [Continued]
Fishstock

FMA (s)

2005-06
200607
2007-08
2008-09
2009-10
2010-11
2011-12
2012-13
2013-14
2014-15
2015-16
2016-17
2017-18

*FSU data.

ALFONSINO (BYX)

BYX 1 BYX2 BYX3 BYX7
1&9 2 345&6 7
Landings TACC Landings TACC Landings TACC Landings TACC
195 300 1633 1575 1068 1010 7 81
66 300 1644 1575 945 1010 21 81
154 300 1532 1575 1030 1010 32 81
172 300 1589 1575 895 1010 18 81
185 300 1643 1575 1016 1010 21 81
48 300 1686 1575 1084 1010 17 81
45 300 1603 1575 1037 1010 14 81
22 300 1605 1575 1013 1010 39 81
29 300 1551 1575 930 1010 58 81
53 300 1617 1575 997 1010 26 81
24 300 1573 1575 1104 1010 27 81
22 300 1611 1575 991 1010 29 81
73 300 1692 1575 754 1010 12 81
Fishstock BYX 10
FMA (s) 10 Total
Landings TACC Landings TACC
1985-86* 0 - 1469 -
1986-87 0 10 1470 1800
1987-88 0 10 1364 2598
1988-89 1 10 1663 2717
1989-90 0 10 1688 2422
1990-91 0 10 1664 2423
1991-92 <1 10 1641% 2648
1992-93 <1 10 1780% 2653
1993-94 0 10 2001t 2718
1994-95 0 10 2223% 2721
1995-96 0 10 2906t 2721
1996-97 0 10 2 953% 2727
1997-98 0 10 2898t 2727
1998-99 0 10 2 624% 2727
1999-00 0 10 2 648t 2727
2000-01 0 10 2 601% 2727
2001-02 0 10 2904t 2925
2002-03 0 10 2927% 2925
2003-04 0 10 2584% 2925
2004-05 0 10 30521 2925
2005-06 0 10 2903t 2925
2006-07 0 10 2677% 2925
2007-08 0 10 2748% 3000
2008-09 0 10 2 674% 3000
2009-10 0 10 2865f 3000
2010-11 0 10 2 836% 2996
2011-12 0 10 2699t 2996
2012-13 0 10 2679% 2996
2013-14 0 10 2568t 2996
2014-15 0 10 2 693% 2996
2015-16 0 10 2729% 2996
2016-17 0 10 2 653%F 2996
2017-18 0 10 2531t 2996

T Excludes catches taken outside the New Zealand EEZ.
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Figure 1: Reported commercial landings and TACC for the four main BY X stocks. Above: BYX 1 (Auckland) BYX 2
(Central East), BYX 3 (South East Coast, South East Chatham Rise, Sub Antarctic, Southland) Note that

these figures do not show data prior to entry into the QMS. [Continued on next page].
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Figure 1 [Continued]: Reported commercial landings and TACC for the four main BYX stocks. ), BYX 7
(Challenger). Note that these figures do not show data prior to entry into the QMS.

1.2 Recreational fisheries
Occasional catches of alfonsino have been recorded from recreational fishers.

13 Customary non-commercial fisheries
No guantitative information on the level of customary non-commercial catch is available.

14 Illegal catch
No guantitative information on the level of illegal alfonsino catch is available.

15 Other sources of mortality
No qualitative information is available.

2. BIOLOGY

In New Zealand waters, most “alfonsino” landings are alfonsino B. Splendens, with landings of the
red bream B. decadactylus accounting for less than 1% of the catch. These species are primarily
associated with undersea structures such as the seamounts that occur off the east coast of the North
Island and on the Chatham Rise, in depths from 300-600 m. They can be found all around New
Zealand waters but occur in greatest numbers along the lower east coast North Island and south-east
Chatham Rise. These two areas are essentially where the commercial fisheries for alfonsino in New
Zealand are confined.

Alfonsino are widespread in tropical, subtropical and temperate waters from the Atlantic, Pacific, and
Indian Oceans (Busakhin 1982). They have been recorded in depths ranging from 10-1200 m but are
most commonly found at 200-800 m, on or close to the seabed, often in association with seamounts
and other underwater features (Maul 1981, Vinnichenko 1997a, Vinnichenko 1997b).

Stock structure is not currently known for New Zealand alfonsino. Horn & Massey (1989) found
substantial differences in length frequency distributions between commercially-caught alfonsino from
the Palliser bank compared with those from other locations on the east coast North Island. These
differences suggest that there may be some age-specific migration occurring.

It has been suggested that alfonsino could comprise widespread populations in large oceanic eddy
systems (Alekseev et al 1986). If New Zealand alfonsino form part of such a system then the east
coast North Island may be a vegetative, non-reproductive zone where fish grow and mature before
leaving for a possible reproductive zone further east of the mainland (Horn & Massey 1989).
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Alfonsino from Japan, northwest of Hawaii, and in the northeast of the Atlantic are known to spawn
from August to October (Masuzawa et al 1975, Uchida & Uchihama 1986). In the southeast Atlantic,
alfonsino spawn from January to March (Alekseev et al 1986) and from November to February in
New Caledonian waters (Lehoday & Grandperrin 1994, Lehoday et al 1997). In New Zealand waters
it has been suggested that alfonsino spawn from July to August (Horn & Massey 1989). This was
based on observations of fish caught commercially from the lower east coast North Island that were
ripening to spawn. However it is not known when and where spawning of alfonsino occurs in New
Zealand waters. No running ripe fish were observed in regular samples taken over a 14-month period
off the lower Wairarapa coast (Horn & Massey 1989).

Masuzawa et al (1975) estimated that the fecundity of a 40 cm female alfonsino from Japan to be 300
000-500 000 eggs. The fecundity of New Zealand alfonsino however has not been established
because a full size range of ripening fish has not been observed (Horn & Massey 1989). Because of
this the size and age at maturity cannot be determined precisely for either sex.

Tagging has been unsuccessful for alfonsino (Horn 1989). Being a moderately deepwater fish means
that bringing them to the surface is not a viable option due to sudden and usually fatal changes in
temperature, light, and particularly pressure. Horn (1989) evaluated the use of detachable hook tags
using drop lines to tag alfonsino without bringing them to the surface. Only a small proportion of
alfonsino tags were returned by commercial fishermen. This was thought to be due to a combination
of low numbers being tagged to begin with (the tagging programme essentially targeted bluenose),
low recapture rates, the loss of tags (either before or during capture by commercial fishermen), and
possibly low rates of observation by fishermen.

Massey & Horn (1990) examined otoliths from commercially caught alfonsino from various
alfonsino fishing grounds of the lower east coast of the North Island (BYX 2) from November 1985
to December 1986. They found evidence that one opaque and one hyaline zone (one ‘ring’) were
formed annually (as did Lehodey & Grandperrin (1996)). They investigated the validity of zone
counts by measuring the position of each ring and comparing it to the position of successive ring
groups. They calculated the ‘marginal index’ of each otolith which was defined as the distance from
the outer edge of the last hyaline ring to the otolith edge divided by the width of the last complete
opaque and hyaline ring. They plotted the mean marginal indices of fish for each month over the
study period and found that the index in every fishing ground dropped dramatically from June to
December. This drop in mean marginal index meant that for most fish opaque material has started
forming in June, and that the hyaline margin is probably laid down from March to May for most fish.
Subsequent ageing has also shown the progression of relatively strong year classes between
consecutive years of sampling, thus providing further support for the ageing method.

Massey & Horn (1990) observed very few fish younger than three years of age, and believed that full
recruitment to the commercial fishery probably occurs at around five years of age. Size-at-sexual
maturity is probably about 30 cm fork length (FL) at 4 to 5 years of age. Juvenile fish have been
recorded in the pelagic and epipelagic zones in the North Pacific and Indian Oceans. Alfonsino less
than 20 cm FL are seldom recorded in New Zealand waters. Differences in length-frequency
distributions between fishing grounds off the east coast North Island suggest that some age-specific
migration occurs. Fish probably recruit to these grounds at 28-31 cm FL.

Von Bertalanffy growth parameters were derived for alfonsino from BYX 2 by Stocker & Blackwell
(1991) (Table 3). They found that females attain a larger size than males and are also larger at
corresponding ages. Massey & Horn (1990) presented von Bertalanffy parameters separately by sex
for three fishing grounds off lower east coast North Island.

Stocker & Blackwell (1991) used the equation M = log.100/maximum age, where maximum age is

the age to which 1% of the population survives in an unexploited stock. Using a maximum age of 20
years, they estimated M for both sexes as 0.23 for BYX 2.
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Length-weight relationships are presented in Table 3. Parameters for the Chatham Rise are those
reported by O’Driscoll et al (2011) for all fish from the summer Chatham Rise trawl survey time
series from 1992-2010.

Horn et al (2010) examined stomach contents from Beryx splendens caught on three consecutive
summer trawl surveys of the Chatham Rise (2005-2007). They found that alfonsino were moderately
selective feeders that fed primarily in the mesopelagic layers. The most common prey items were
crustaceans and mesopelagic fishes. By mass, the most important were prawns from the genus
Sergestes, followed by the myctophid fish Lampanyctodes hectoris, and then prawns from the genus
Pasiphaea.

Smaller crustaceans such as euphasiids and amphipods are most important in the diet of smaller
alfonsino (17-26.5 cm fork length). Larger prawn species and mesopelagic fishes were more
important for larger alfonsino (27-42 cm fork length). Horn et al (2010) postulated that they are
selective feeders based on the observation that prey items such as squid and salps would be relatively
abundant where alfonsino feed on the Chatham Rise, but are rarely taken.

Table 3: Estimates of biological parameters for alfonsino.

Fishstock Estimate Source
1. Natural mortality (M)
BYX 2 0.23 Stocker & Blackwell (1991)
2. Weight = a(length) (Weight in g, length in cm fork length).
Both Sexes
a b
BYX 2 0.0226 3.018 Stocker & Blackwell (1991)
BYX3 0.019 3.049 O’Driscoll et al (2011)
3. Von Bertalanffy growth parameters
Females Males
Lo k to Lo k to
BYX 2 57.5 0.08 -4.10 51.1 0.11 -3.56 Stocker & Blackwell (1991)

3. STOCKS AND AREAS

No information is available as to whether alfonsino is a single stock in New Zealand waters. Overseas
data on alfonsino stock distributions suggest that New Zealand fish could form part of a widely
distributed South Pacific stock.

4, STOCK ASSESSMENT
4.1 Estimates of fishery parameters and abundance

i) BYX1

Starr et al (2010) presented CPUE analyses from the bycatch of alfonsino in the east Northland and
Bay of Plenty target longline fisheries for bluenose and hapuku. The two series showed no sign of
decline up to 2007-08, but the indices were based on only 12% of the BY X catch from the area. The
analyses have not been updated, and the catch of BYX has decreased to below 50 t for the last five
years.

i) BYX2

A biomass index derived from a standardised CPUE (log linear, kg/day) analysis of the target trawl
fishery represented by seven core vessels (Blackwell 2000) was calculated for BYX 2. However, the
analysis was very uncertain, and the model accounted for only 25% of the variance in catch rates. The
results of the standardised analysis were not accepted by the Inshore WG as indices of abundance.

The age composition of the commercial landings in BYX 2 was determined in 1998-99, 1999-00,
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and 2000-01 and 2002-03, 2003-04 and 2004-05. The commercial catch is dominated by 5-11 year
old fish. Without linking age structure to specific fishing grounds the age structure of the catch is
unlikely to monitor changes in the population.

i) BYX3

The potential to monitor trends in abundance using catch and effort data from the target BYX 3
fishery was investigated by Langley & Walker (2002b). However, it was concluded that the high
variation in catch rates, the relatively small number of catch and effort records, and the complex
nature of the fishery precluded the development of a reliable CPUE index.

4.2 Biomass estimates
Estimates of current biomass are not available.

4.3 Yield estimates and projections

4.3.1 Other yield estimates and stock assessment factors
Long-term sustainable yield using an F,, fishing strategy was estimated for BYX 2 using the

simulation model with alternative estimates of M. F,, has been estimated as 0.25 and 0.32 for M =
0.2 and M = 0.23, respectively, for both sexes combined in BY X 2 (Stocker & Blackwell 1991). The
biomass at this long-term equilibrium yield is about 35% B, and the F, yield is about 8-9% Bo-

4.4 Other factors

The most recent assessment for BY X 2 was based upon the historical fishery areas. In recent years
the fishery has expanded to new areas not previously fished. Subsequent CPUE analyses have been
rejected by Working Groups and it is no longer thought possible to monitor abundance in BYX 2
using trawl CPUE.

Current data on alfonsino movements are inconclusive. It is not known whether the fish on the east
coast of the North Island spend some part of their life cycle in other New Zealand waters, or whether
the east coast-Chatham Rise region is just one of several pre-reproductive regions. It is possible that
the domestic trawl fishery may be exploiting part of a wider South Pacific stock. Catches may be
maintained due to the discovery of new grounds. However, the potential for increased catches may be
constrained by the availability of BNS 3 quota to cover likely bluenose bycatch.

5. STATUS OF THE STOCKS

Stock Structure Assumptions

No information is available as to whether alfonsino is a single stock in New Zealand fishery waters.
Overseas data on alfonsino stock distributions suggest that New Zealand fish could form part of a
widely distributed South Pacific stock. In addition to alfonsino (Beryx splendens) the BY X Fishstock
includes landings of the red bream (B. decadactylus), however, red bream makes up less than 1% of
the total landings.

BYX1

Under the adaptive management programme the TACC was increased to 300 t in 200102, and
catches increased for the next 9 years in the target trawl fishery. However, catches have been below
50 t since 201011 as target fishing in this fishery has waned.

BYX 2

Annual landings from 1986 to 2014-15 have remained reasonably stable at or above the level of the
TACC. However, as the fishing grounds have extended throughout this time, it is not known if the
recent catch levels or the current TACCs are sustainable.
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BYX3

Alfonsino on the Chatham Rise (BY X 3) were lightly fished prior to 1995-96 when catches increased
to near the TACC, due to the development of new fishing grounds. Catch has fluctuated around the
TACC since then. It is not known if the recent catch levels or the current TACCs are sustainable.

Table 4: Summary of TACCs (t) and reported landings (t) for alfonsino for the most recent fishing year.

2017-18 2017-18
Fishstock FMAs Actual TACC Reported landings
BYX1 Auckland (East) (West) 1&9 300 73
BYX 2 Central (East) 2 1575 1692
BYX3 South-East (Coast) 3,4,5, 1010 754

Southland & Sub-Antarctic &6

BYX7 Challenger 7 81 12
BYX 8 Central (West) 8 20 <1
BYX 10 Kermadec 10 10 0
Total 2996 2531

6. FUTURE RESEARCH CONSIDERATIONS

Neither CPUE nor trawl surveys are likely to provide an index of alfonsino abundance. The best
method to determine the status of the stocks and to continue monitoring is likely to be a catch-at-age
sampling programme. A large proportion of the alfonsino catch from the two main fisheries is still
landed green which would allow for a land-based shed sampling programme for either area, although
at-sea observer-based sampling would allow for the detection of any differences in sub-regions within
the main fishery areas.

7. FOR FURTHER INFORMATION

Alekseev, F E; Alekseeva, E I; Trunov, | A; Shlibanov, V | (1986) Macroscale water circulation, ontogenetic geographical differentiation
and population structure of alfoncino, Beryx splendens Lowe, in the Atlantic Ocean. International Council for the Exploration
of the Sea [ICES] No 10. 16 p.

Blackwell, R (2000) Alfonsino (Beryx splendens) abundance indices from standardised catch per unit effort (CPUE) analysis for the east
coast North Island (BYX 2) midwater trawl fishery 1989-90 to 1997-98. New Zealand Fisheries Assessment Report 2000/53.
40 p.

Busakhin, S V (1982) Systematics and distribution of the family Berycidae (Osteichthyes) in the World Ocean. Journal of Ichthyology
(22): 1-21.

Horn, P L (1988) Alfonsino. New Zealand Fisheries Assessment Research Document 1988/7. 21 p. (Unpublished document held by NIWA
library, Wellington.)

Horn, P L (1989) An evaluation of the technique of tagging alfonsino and bluenose with detachable hook tags. N.Z. Fisheries Technical
Report No. 16. 15 p.

Horn, P L; Forman, J; Dunn, M R (2010) Feeding habits of alfonsino Beryx splendens. Journal of Fish Biology 76: 2382-2400.

Horn, P L; Massey, B R (1989) Biology and abundance of alfonsino and bluenose off the lower east coast, North Island, New Zealand. New
Zealand Fisheries Technical Report No. 15. 32 p.

Langley, A D (1995) Analysis of commercial catch and effort data from the QMA 2 alfonsino-bluenose trawl fishery 1989-94. New
Zealand Fisheries Assessment Research Document 1995/18. 12 p. (Unpublished document held by NIWA library, Wellington.)

Langley, A D; Walker, N (2002a) Characterisation of the alfonsino (Beryx splendens) fishery in BYX 3. New Zealand Fisheries
Assessment Report 2002/29. 49 p.

Langley, A D; Walker, N (2002b) CPUE analysis of the target BYX 3 alfonsino fishery and associated bluenose catch. New Zealand
Fisheries Assessment Report 2002/24. 45 p.

Lehodey, P; Grandperrin, R (1994) A study of the fishery and biology of Beryx splendens (alfonsino) in New Caledonia. SPC Fisheries
Newsletter 71: 30-36.

Lehodey, P; Grandperrin, R; Marchal, P (1997) Reproductive biology and ecology of a deep demersal fish, alfonsino Beryx splendens, over
the seamounts off New Caledonia. Marine Biology 128(1): 17-27.

MacGibbon, D G (2015) Fishery characterisation and standardised CPUE analyses for alfonsino, Beryx splendens, 1989-90 to 2013-14.
New Zealand Fisheries Assessment Report 2015/78. 238 p.

Massey, B R; Horn, P L (1990) Growth and age structure of alfonsino (Beryx splendens) from the lower east coast, North Island,
New Zealand. New Zealand Journal of Marine and Freshwater Research 24: 121-136.

Masuzawa, T; Kurata, Y; Onishi, K (1975) Results of group study on a population of demersal fishes in waters from Sagami Bay to
Southern lzu Islands: population ecology of Japanese alfonsino and other dernersal fishes. Japan Aquatic Resources
Conservation Association Fishery Research Paper No 28. 105 p.

Maul, G E (1981) Berycidae. In: Fiches FAO d’Identification des espéces pour les besoins de la péche. Atlantique centre-est. Fonds D epdt-
FAO. Ottowa, Canada.

Northern Inshore Fisheries Company Ltd. (2001) Proposal to increase the TACC for BY X 1 -- final 30/04/01.

O'Driscoll, R L; MacGibbon, D; Fu, D; Lyon, W; Stevens, D W (2011) A review of hoki and middle-depth trawl surveys of the Chatham
Rise, January 1992-2010. New Zealand Fisheries Assessment Report 2011/47. 814 p.

Seafood Industry Council (SeaFIC) (2003) BY X 1 performance report to the 2003 Adaptive Management Programme Working Group.

51



ALFONSINO (BYX)

Seafood Industry Council (SeaFIC) (2004) Report to the Adaptive Management Fishery Assessment Working Group: Performance of the
BYX 1 Adaptive Management Programme. AMP-WG-2004/06. (Unpublished report held by FNZ.)

Seafood Industry Council (SeaFIC) (2005) Report to the Adaptive Management Fishery Assessment Working Group: Performance of the
BYX 1 Loghook Programme. AMP-WG-2005/05. (Unpublished report held by FNZ.)

Starr, P J; Kendrick, T H; Bentley, N (2010) Report to the Adaptive Management Programme Fishery Assessment Working Group:
Characterisation, CPUE analysis and logbook data for BYX 1. Document 2010/04-v2, 86 p. (Unpublished report held byFNZ)
(http://cs.fish.govt.nz/forums/thread/3874.aspx)

Starr, P J; Kendrick, T H; Lydon, G J (2006) 2006 Report to the Adaptive Management Programme Fishery Assessment Working Group:
Full Term Review of the BNS 1 Adaptive Management Programme. AMP-WG-2006/03. 59 p. (Unpublished report available
from Seafood New Zealand, Wellington.)

Stocker, M; Blackwell, R (1991) Biomass and yield estimates for alfonsino in BYX 2 for the 1991-92 fishing year. New Zealand Fisheries
Assessment Research Document 1991/12. 12 p. (Unpublished document held in NIWA library, Wellington.)

Uchida, R N; Uchihama.; J H (1986) Fishery atlas of the northwestern Hawaiian Islands. NOAA Technical Report NAPS No 38. 142 p.

Vinnichenko, V | (1997a) Russian investigations and deep water fishery on the Corner Rising Seamount in Subarea 6. NAFO Scientific
Council Studies (30): 41-49.

Vinnichenko, V | (1997b) Vertical daily migrations of the slender alfonsino Beryx splendens (Berycidae) at the underwater rises of the open
North Atlantic. Journal of Ichthyology (37): 438-444.

52



ANCHOVY (ANC)

ANCHOVY (ANC)

(Engraulis australis)
Kokowhaawhaa

B T Y o—

1. FISHERY SUMMARY

Anchovy were introduced into the QMS on 1 October 2002, with allowances, TACCs and TACs in
Table 1. These have not changed.

Table 1: Recreational and Customary non-commercial allowances, TACCs and TACs for anchovy by Fishstock.

Fishstock Recreational Allowance  Customary non-commercial TACC TAC
allowance
ANC 1 10 5 200 215
ANC 2 10 5 100 115
ANC 3 2 1 50 53
ANC 4 3 2 10 15
ANC 7 10 5 100 115
ANC 8 10 5 100 115
ANC 10 0 0 0 0

11 Commerecial fisheries

There is no information on catches or landings of anchovy prior to 1990, although sporadic catches
were made in some years during exploratory fishing projects for small pelagic species, in the 1960s
and 1970s. It is thought that anchovy were caught in most years, but were either not reported,
reported as “bait”, or included in the category “mixed species”. Reported annual landings have
fluctuated from less than 1 t to 21 t since 1990-91 (Table 2). Under-reporting is likely to have
occurred due to misidentification of anchovy in pilchard and other mixed catches and the low value
of the species.

Historically most landings have been reported from northeastern New Zealand, ANC 1, with
occasional small landings in ANC 3 and 8.

The most consistent (though small) catches have been taken by purse seine. Very few catches have

been reported as targeted; most anchovy appear to have been taken as non-target catch in the pilchard
fishery. Up to four vessels reported a catch or landing in any one year.
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Table 2: Reported catches or landings (t) of anchovy by fishstock from 1990-91 to 2017-18 (prior to 2002-03
reported by FMA). MHR data from 2001-02 - present.

Fishstock ANC 1 ANC 2 ANC 3 ANC 4 ANC 7 ANC 8 ANC 10

FMA 1 2 3,5&6 4 7 8&9 10 Total
1990-91t <1 0 0 0 <1 0 0 <1
1991-92t 1 0 1 0 <1 0 0 2
1992-93t 21 0 0 0 0 0 0 21
1993-941 <1 0 0 0 0 0 0 <1
1994-95t <1 0 0 0 <1 0 0 <1
1995-961 1 0 0 0 0 0 0 1
1996-97t 2 0 0 0 0 0 0 2
1997-981 1 0 0 0 0 0 0 1
1998-99t 4 0 2 0 0 0 0 6
1999-001 3 0 0 0 0 0 0 3
2000-01t 10 0 0 0 0 0 0 10
2001-02 7 0 0 0 0 0 0 7
2002-03 8 0 0 0 0 0 0 8
2003-04 4 0 0 0 0 10 0 15
2004-05 <1 0 0 0 0 12 0 12
2005-06 10 0 0 0 0 <1 0 10
2006-07 <1 0 0 0 0 2 0 3
2007-08 <1 0 0 0 <1 <1 0 <1
2008-09 <1 0 0 0 <1 <1 0 2
2009-10 6 0 0 0 6 0 0 12
2010-11 1 0 <1 0 <1 <1 0 1
2011-12 <1 0 0 0 0 0 0 <1
2012-13 0 0 <1 0 <1 <1 0 <1
2013-14 2 0 <1 0 <1 <1 0 2
2014-15 1 0 <1 0 0 <1 0 <1
2015-16 <1 0 0 0 11 0 0 11
2016-17 <1 0 0 0 5 0 0 5
2017-18 <1 0 0 0 <1 0 0 <1
t CELR

1.2 Recreational fisheries
There is no known recreational fishery, but small numbers are caught in small-mesh setnets and
beach seines. An estimate of the recreational harvest is not available.

13 Customary non-commercial fisheries
An estimate of the customary non-commercial catch is not available.

14 Illegal catch
There is no known illegal catch of anchovies.

15 Other sources of mortality
Some accidental captures of anchovy by vessels purse seining for other small pelagic species may be
discarded if no market is available.

2. BIOLOGY

The single anchovy species, Engraulis australis, found in New Zealand also occurs around much of
the Australian coast. In New Zealand, it occurs around most of the coastline, but is absent between
Banks Peninsula and Foveaux Strait. It is found mostly inshore, particularly in gulfs, bays, harbours,
and some large estuaries. In Australia it tends to move seaward in winter, returning closer inshore
during spring and the same pattern is likely to occur in New Zealand. Its vertical distribution in the
water column is not known, but it seems likely that it occurs at all depths between the surface and the
coastal seafloor.

Anchovy are planktivorous, feeding mainly on copepods. They form compact schools, particularly
during the warmer months and larger fishes, seabirds, and marine mammals prey heavily upon these
schools. Although they generally form single-species schools, anchovies are closely associated with
other small pelagic fishes, particularly pilchard and sprats.
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The reproductive cycle is not well known. The main spawning season appears to be spring-summer,
but in northern regions spawning may occur through much of the year. Spawning grounds extend
from shallow water out to mid-shelf. The eggs are pelagic.

No reliable ageing work has been undertaken in New Zealand, but some information is available for
this species in Australia where it reaches 16 cm at age 6, and matures at age 1. In northeastern New
Zealand, the main size range of anchovy is 8-14 cm, which are likely to be 2-5 year old fish.

There have been no biological studies that are directly relevant to the recognition of separate stocks,
or to yield estimates. Consequently no estimates of biological parameters are available. There is
extensive international literature on similar species of anchovy, but the relevance of this to the
New Zealand species is unknown.

3. STOCKS AND AREAS

No biological information is available on which to make an assessment on whether separate anchovy
stocks exist in New Zealand. If spawning is as widespread as the fragmentary accounts suggest and if
there is limited migration between regions, there is potential for localised depletion.

Anchovy and pilchard are often caught together. Anchovy fishstock boundaries are fully aligned with
those for pilchard.

4, STOCK ASSESSMENT
There have been no stock assessments of New Zealand anchovy.

4.1 Estimates of fishery parameters and abundance
No fishery parameters are available.

4.2 Biomass estimates
No estimates of biomass are available.

4.3 Yield estimates and projections
MCY cannot be determined.

Current biomass cannot be estimated, so CAY cannot be determined.

4.4 Other yield estimates and stock assessment results
No information is available.

4.5 Other factors

Ichthyoplankton surveys show anchovy to be locally abundant. However, it is unlikely that the
biomass is comparable to the very large stocks of anchovy in some oceans where strong upwelling
promotes high productivity. It is more likely that New Zealand anchovy comprise abundant but
localised coastal populations.

It is not known whether the biomass of anchovy is stable or variable, but the latter is considered more
likely.

In some localities anchovy are a major food source for many fish, seabirds, and marine mammals

(e.g., a major component of fur seal diet in May—August at Cape Foulwind). Excessive localised
harvesting may disrupt ecosystems.
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S. STATUS OF THE STOCKS

No estimates of current biomass are available. At the present level of minimal catches, stocks should
be at or close to their natural level. This is nominally a virgin biomass, but not necessarily a stable
one. It is not yet possible to estimate a long-term sustainable yield for anchovy.

TACCs and reported landings for the 2017-18 fishing year are summarised in Table 3.

Table 3: Summary of TACCs (t) and reported landings (t) of anchovy for the most recent fishing year.

2017-18 2017-18

Actual Reported

Fishstock FMA TACC Landings
ANC 1 Auckland (East) 1 200 <1
ANC 2 Central (East) 2 100 0
ANC 3 South-east (Coast), Southland & sub-Antarctic 3,5&6 50 0
ANC 4 South-east (Chatham) 4 10 0
ANC 7 Challenger 7 100 <1
ANC 8 Central (West), Auckland (West) 8&9 100 0
ANC 10 Kermadec 10 0 0
Total 560 <1
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1. FISHERY SUMMARY

1.1 Commercial fisheries

The New Zealand arrow squid fishery is based on two related species. Nototodarus gouldi is found
around mainland New Zealand north of the Subtropical Convergence, whereas N. sloanii is found in
and to the south of the convergence zone.

Except for the Southern Islands fishery, for which a separate TACC is set, the two species are managed
as a single fishery within an overall TACC. The Southern Islands fishery (SQU 6T) is almost entirely a
trawl fishery. Although the species (N. sloanii) is the same as that found around the south of the South
Island, there is evidence to suggest that the Auckland Island shelf stock is different from the mainland
stocks. Because the Auckland Island shelf squid are readily accessible to trawlers, and because they can
be caught with little finfish bycatch and are therefore an attractive resource for trawlers, a quota has
been set separately for the Southern Islands. Total reported landings and TACCs for each stock are
shown in Table 1, while historical landings and TACC are depicted in Figure 1.

The New Zealand squid fishery began in the late 1970s and reached a peak in the early 1980s when
over 200 squid jigging vessels came to fish in the New Zealand EEZ. The discovery and exploitation
of the large squid stocks in the southwest Atlantic substantially increased the supply of squid to the
Asian markets causing the price to fall. In the early 1980s, Japanese squid jiggers would fish in
New Zealand for a short time before continuing on to the southwest Atlantic. In the late 1980s, the
jiggers stopped transit fishing in New Zealand and the number of jiggers fishing declined from over
200 during the 1983—-84 fishing year to around 15 in 1994-95. The jig catch in SQU 1J declined from
apeak of 53 872 tin 1988-89 to under 1 000 t per year by 2012—13. In 2016—17 the TACC was reduced
from 50 212 t to 5 000 t to reflect these changes within this fishery.

From 1987 to 1998 the trawl catch fluctuated between about 30 000—70 000 t, but in SQU 6T the impact
of management measures to protect the Hooker’s sea lion (Phocarctos hookeri) restricted the total catch
in some years between 1999 and 2005.

Catch and effort data from the SQU 1T fishery show that the catch occurs between December and May,
with peak harvest from January to April. The catch has been taken from the Snares shelf on the south
coast of the South Island right through to the Mernoo Bank (east coast), but Statistical Area 028 (Snares
shelf and Snares Island region) has accounted for over 77% of the total in recent years. Based on
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Observer data, squid accounts for 67% of the total catch in the target trawl fishery, with bycatch

principally of barracouta, jack mackerel, silver warehou and spiny dogfish.

For 2005-06 a 10% in-season increase to the SQU 1T TACC was approved by the Minister of Fisheries.
The catch for December—March was 40% higher than the average over the previous eight years and
catch rates were double the average, indicating an increased abundance of squid. Previously, in 2003—
04, a 30% in-season increase to the TACC was agreed, but catches did not reach the higher limit. Note
that the TACC automatically reverts to the original value at the end of the fishing year.

Table 1: Reported catches (t) and TACCs (t) of arrow squid from 198687 to 2017-18. Source - QMS.

Fishstock SQU SQU 1T* SQU SQU Total

Landings TACC Landings TACC Landings TACC Landings TACC Landings TACC
1986-87 32394 57 705 25621 30 962 16 025 32333 0 10 74 040 121 010
1987-88 40312 57 705 21983 30962 7021 32333 0 10 69316 121 010
1988-89 53872 62 996 26 825 36 081 33 462 35933 0 10 114 160 135 080
1989-90 13 895 76 136 13 161 47986 19859 42118 0 10 46915 166 250
1990-91 11562 46 087 18 680 42 284 10 658 30 190 0 10 40 900 118 571
1991-92 12 985 45766 36 653 42 284 10 861 30 190 0 10 60 509 118 571
1992-93 4 865 49 891 30 862 42 615 1551 30369 0 10 37278 122 875
1993-94 6524 49891 33434 42 615 34534 30369 0 10 74 492 122 875
1994-95 33615 49 891 35017 42 741 30 683 30369 0 10 99 315 123 011
1995-96 30 805 49 891 17 823 42 741 14 041 30369 0 10 62 668 123011
1996-97 20792 50212 24 769 42 741 19 843 30 369 0 10 65 403 123 332
1997-98 9329 50212 28 687 44 741 7344 32369 0 10 45362 127 332
1998-99 3240 50212 23362 44 741 950 32369 0 10 27553 127 332
1999-00 1457 50212 13 049 44 741 6241 32369 0 10 20 747 127 332
2000-01 521 50212 31297 44 741 3254 32369 <1 10 35071 127 332
2001-02 799 50212 35872 44 741 11 502 32369 0 10 48 173 127 332
2002-03 2 896 50212 33936 44 741 6 887 32369 0 10 43 720 127 332
2003-04 2267 50212 48 060 #58 163 34 635 32369 0 10 84 962 127 332
2004-05 8981 50212 49 780 44 741 27314 32369 0 10 86 075 127 332
2005-06 5844 50212 49 149 49 215 17 425 32369 0 10 72 418 127 332
2006-07 2278 50212 49 495 44 741 18 479 32369 0 10 70253 127 332
2007-08 1371 50212 36171 44 741 18 493 32369 0 10 56 035 127 332
2008-09 1032 50212 16 407 44 741 28 872 32369 0 10 46 311 127 332
2009-10 891 50212 16 759 44 741 14 786 32369 0 10 32436 127 332
2010-11 1414 50212 14 957 44 741 20934 32369 0 10 37304 127 332
2011-12 1811 50212 18 969 44 741 14 427 32369 0 10 35207 127 332
2012-13 741 50212 13 951 44 741 9944 32369 0 10 24 637 127 332
2013-14 167 50212 7483 44 741 7403 32369 0 10 15 053 127 332
2014-15 513 50212 9 668 44 741 6127 32369 0 10 16 310 127 332
2015-16 937 50212 17018 44 741 25172 32369 <1 10 43 127 127 332
2016-17 1 5000 7735 44 741 10 726 32369 0 10 18 462 82 120
2017-18 <1 5000 11983 44 741 11 086 32369 <1 10 23 069 82120

*  All areas except Southern Islands and Kermadec.

+  Southern Islands.
i Kermadec.

# Inseason increase of 30% for 2003—04 and 10% for 2005-06

1.2 Recreational fisheries
The amount of arrow squid caught by recreational fishers is not known.

1.3 Customary non-commercial fisheries

No quantitative information is available on the current level of customary non-commercial take.

14 Illegal catch

There is no quantitative information available on the level of illegal catch.

1.5 Other sources of mortality

No information is available on other sources of mortality.

2. BIOLOGY

Two species of arrow squid are caught in the New Zealand fishery. Both species are found over the
continental shelf in water up to 500 m depth, though they are most prevalent in water less than 300 m
depth. Both species are sexually dimorphic, though similar in biology and appearance. Individuals can
be identified to species level based on sucker counts on Arm I and differences in the hectocotylized arm

of males.
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Figure 1: Reported commercial landings and TACC for the three main SQU stocks. Top to bottom: SQU 1J (All
Waters Except 10T and 6T, Jigging), SQU 1T (All Waters Except 10T and 6T, All Other Methods), and SQU

6T (Southern Islands, All Methods). Note that these figures do not show data prior to entry into the QMS.
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Recent work on the banding of statoliths from N. sloanii suggests that the animals live for around
one year. Growth is rapid. Modal analysis of research data has shown increases of 3.0—4.5 cm per month
for Gould's arrow squid measuring between 10 and 34 cm Dorsal Mantle Length (DML).

Estimated ages suggest that N. sloanii hatches in July and August, with spawning occurring in June and
July. It also appears that N. gouldi may spawn one to two months before N. sloanii, although there are
some indications that N. sloanii spawns at other times of the year. The squid taken by the fishery do not
appear to have spawned.

Tagging experiments indicate that arrow squid can travel on average about 1.1 km per day with a range
of 0.14-5.6 km per day.

Biological parameters relevant to stock assessment are shown in Table 2.

Table 2: Estimates of biological parameters.

Fishstock Estimate Source
1. Weight = a (length)® (Weight in g, length in cm dorsal length)

a b
N. gouldi <12 cm DML 0.0738 2.63 Mattlin et al (1985)
N. sloanii >12 cm DML 0.029 3

2. von Bertalanffy growth parameters

K ty Loo
N. gouldi 2.1-3.6 0 35 Gibson & Jones (1993)
N. sloanii 2.0-2.8 0 35

3. STOCKS AND AREAS

There are no new data which would alter the stock boundaries given in previous assessment documents.
It is assumed that the stock of N. gouldi (the northern species) is a single stock, and that N. sloanii
around the mainland comprises a unit stock for management purposes, though the detailed structure of
these stocks is not fully understood. The distribution of the two species is largely geographically
separate but those occurring around the mainland are combined for management purposes. The
Auckland Islands Shelf stock of N. sloanii appears to be different from the mainland stock and is
managed separately.

4. ENVIRONMENTAL AND ECOSYSTEM CONSIDERATIONS

This section was last reviewed by the Aquatic Environment Working Group for the May 2016 Fishery
Assessment Plenary and has been updated in 2018. This summary is from the perspective of the squid
trawl fishery; a more detailed summary from an issue by issue perspective is available in the 2017

Aquatic Environment & Biodiversity Annual Review MPI 2017,
(https://www.mpi.govt.nz/dmsdocument/2747 1 -aquatic-environment-and-biodiversity-annual-review-aebar-2017-a-
summary-of-environmental-interactions-between-the-seafood-sector-and-the-aquatic-environment).

4.1 Role in the ecosystem

Arrow squid are short-lived and highly variable between years (see Biology section). Hurst et al (2012)
reviewed the literature and noted that arrow squid are an important part of the diet for many species.
Stevens et al (2012) reported that, between 1960 and 2000, squids (including arrow squid) were
important in the diet of banded stargazer (59% of non-empty stomachs), bluenose (26%), giant stargazer
(34%), gemfish (43%), and hapuku (21%), and arrow squid were specifically recorded in the diets of
alfonsino, barracouta, hake, hoki, ling, red cod, red gurnard, sea perch, and southern blue whiting. In a
detailed study on the Chatham Rise (Dunn et al 2009), cephalopods were identified as prey of almost
all demersal fish species, and arrow squid were identified in the diet of hake, hoki, ling, Ray's bream,
shovelnose spiny dogfish, sea perch, smooth skate, giant stargazer and silver warehou, and was a
significant component (over 10% prey weight) of the diet of barracouta and spiny dogfish.
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Arrow squid have been recorded as important in the diet of marine mammals such as NZ fur seals and
NZ sea lions, particularly during summer and autumn (Fea et al 1999, Harcourt et al. 2002, Chilvers
2008, Boren 2008) and in the diet of common dolphins (Meynier et al 2008, Stockin 2008). They are
also important in the diet of seabirds such as shy albatross in Australia (Hedd & Gales 2001) and Buller’s
albatross at the Snares and Solander Islands (James & Stahl 2000). Cephalopods in general are
important in the diet of a wide range of Australasian albatrosses, petrels and penguins (Marchant &
Higgins 2004).

Arrow squid in New Zealand waters have been reported to feed on myctophids, sprats, pilchards,
barracouta, euphausiids, mysids, isopods and squid, probably other arrow squid (Yatsu 1986, Uozumi
1998). Uozumi found that the importance of various food items changed between years, and the
percentage of empty stomachs was influenced by area, season, size, maturation, and time of day. In
Australia, N. gouldi was found to feed mostly on pilchard, barracouta, and crustaceans (O’Sullivan &
Cullen 1983). Cannibalism was also recorded.

4.2 Bycatch (fish and invertebrate)

Based on models using observer and fisher-reported data, total non-target fish and invertebrate catch in
the arrow squid trawl fishery ranged between 8 900 and 39 800 t per year between 2002—03 and 2015-
16, and has shown a significant decreasing trend since 2005-06 (Anderson & Edwards 2018). Over that
time period arrow squid comprised 79% of the total estimated catch recorded by observers in this
fishery. Nearly 600 non-target species or species groups were recorded, with QMS species making up
most non-target catch (over 85%) in each year. The remainder of the observed catch comprised mainly
the QMS fish species barracouta (9.1%), silver warehou (3.3%), and spiny dogfish (1.7%). Invertebrate
species made up a much smaller fraction of the bycatch overall (1.3%), but crabs (1.2%), especially the
smooth red swimming crab (Nectocarcinus bennetti, 0.85%), were frequently caught.

Estimated total annual discards showed a decreasing trend over time, from 16 300 in 2002-03 to about
1500 t in 2013—14 (Anderson & Edwards 2018). QMS species accounted for 44% of discards across all
years, followed by non-QMS species (41%), invertebrate species (15%), and arrow squid (8%). Target
species discards were relatively low, and annual discards of non-QMS species were overall at a similar
level to QMS discards. The species discarded in the greatest amounts were spiny dogfish (80%), redbait
(34%), silver dory (87%), and rattails (88%). From 2002—-03 to 2015-16, the overall discard fraction
value was 0.12, with little trend over time. Discards ranged from 0.05 kg of discarded fish for every 1
kg of arrow squid caught in 2007-08 to 0.43 kg in 2002-03.

4.3 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 onboard the vessel, Middleton & Abraham 2007).

4.3.1 New Zealand sea lion interactions

The New Zealand sea lion (rapoka) Phocarctos hookeri, is the rarest sea lion in the world. The estimated
total population of around 11 800 sea lions in 2015 is classified by the Department of Conservation as
‘Nationally Vulnerable’ under the New Zealand Threat Classification System (Baker et al 2019). Pup
production at the main Auckland Island rookeries showed a steady decline between 1998 and 2009 and
has subsequently stabilised (details can be found in the Aquatic Environment and Biodiversity Annual
Review, MPI 2017).

Sea lions forage to depths of up to 600 m and overlap with trawling at up to 500 m depth for arrow
squid. Sea lions interact with some trawl fisheries which can result in incidental capture and subsequent
drowning (Smith & Baird 2005, 2007a & b, Thompson & Abraham 2010a, Thompson & Abraham
2012, Abraham & Thompson 2011, Abraham et al 2016). Since 1988, incidental captures of sea lions
have been monitored by government observers on-board an increasing proportion of the fishing fleet.
Since the 2012—13 fishing year, more than 80% of fishing trawls in the SQU 6T fishery have been
observed each year.

Efforts to mitigate incidental captures in fisheries have focused on the SQU 6T fishery. From 2017,
advice to manage sea lion interactions in this fishery has been developed in consultation with the Squid
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6T Operational Plan Technical Advisory Group, including representatives from government and
stakeholder groups as well as technical experts and advisors. Under the present Operational Plan,
adopted in December 2017, MPI sets a fishing-related mortality limit (FRML) for sea lions in the
Auckland Islands squid trawl fishery (SQU 6T) based on estimation of a Population Sustainability
Threshold (PST) using a Bayesian population dynamic model (Roberts & Doonan 2016). The PST
represents the maximum number of anthropogenic mortalities that the population can sustain while still
achieving a defined population objective. For the Auckland Islands sea lion population, the choice of
population objective underlying the current PST is as follows: ‘Fisheries mortalities will be limited to
ensure that the impacted population is no more than 5% lower than it would otherwise be in the absence
of fishing mortality, with 90% confidence, over five years’.

SLEDs were first utilised on some vessels in the SQU 6T fishing fleet in 2001-02. SLED use increased
in subsequent years. The use of SLEDs is not mandatory, but use of a certified SLED is required by the
current industry body (the Deepwater Group) and is necessary to receive the ‘Discount Rate’ relative
to the tow limit applied by MPI). For these reasons, from 2006—07 a standardised model Mark 13/3
SLED has been universally employed by all vessels in the SQU 6T fleet. SLED deployment is
monitored and audited by MPI observers.

In 1992, the Ministry adopted a fisheries-related mortality limit (FRML; previously referred to as a
maximum allowable level of fisheries-related mortality or MALFiRM) to set an upper limit on the
number of New Zealand sea lions that can be incidentally killed each year in the SQU 6T trawl fishery
(Chilvers 2008). If this limit is reached, the fishery will be closed for the remainder of the season.

The original ‘MALFiRM’ was calculated using the potential biological removal approach (PBR; Wade
1998) and was used from 1992-93 to 2003—04 (Smith & Baird 2007a). Since 2003—04 the FRML has
been translated into a maximum permitted number of tows calculated from assumed interaction and
SLED efficacy rates, regardless of the number of observed New Zealand sea lion captures. This
approach was taken because since the introduction of SLEDs, observed sea lion captures are no longer
a reliable index of the number of sea lions interacting with the net, and there is uncertainty about the
survival rate of sea lions exiting the net via the SLED (‘SLED efficacy’); for this reason the number of
sea lion deaths from fishery interactions cannot be observed directly. Instead, a management setting
meant to approximate the interaction rate, i.e., the ‘Strike Rate’ is set by MPI and multiplied by a second
setting, the ‘Discount Rate’ representing SLED efficacy, to inform a proxy estimate of potential sea
lion fatalities per 100 tows. This proxy estimate is then used to set an effort limit on the operation of
the fishery, to ensure that estimated sea lion mortalities remain below the FRML.

Since the introduction of SLEDs, observed capture rates have declined substantially and observer
coverage has increased in the SQU 6T fishery (Table 4). Subsequently, statistical models formerly used
to estimate interaction rates and SLED efficacy rates (Abraham et al 2016) became increasingly
uncertain, because these rates are inversely correlated and, since the introduction of SLEDs, are no
longer informed by observed captures data. For this reason Fisheries New Zealand no longer estimates
interaction rates, and is progressing research to inform the direct estimation of cryptic mortalities (i.e.
un-observable deaths) as a function of observed captures.

Observed sea lion captures in the squid fishery on the Stewart Snares shelf are low (less than one
observed capture per year), with high observer coverage (Table 5). In choosing management settings
for the SQU 6T fishery, the FRML is reduced by 1 to account for one potential sea lion mortality per
year occurring in the SQU 1T fishery.

A quantitative risk assessment of all threats to the New Zealand sea lion was undertaken to inform the
development of a Threat Management Plan for the species. The risk assessment process used for the
development of the TMP aimed to quantify which threats pose most risk to the population, and inform
the prioritisation of management actions that would meet the management goals of the TMP. The
approach involved the development of demographic models, compilation of data on threats, a risk triage
process and detailed modelling of key threats where sufficient data was available. A panel of national
and international experts was convened to guide and review the process and provide opinion-based
input where data availability was poor. For the Auckland Islands, the greatest risks identified from the
triage were; Klebsiella disease, commercial trawl fishing, male aggression, trophic effects/prey

availability, hookworm disease and wallows.
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As the base of the risk assessment, a demographic assessment model were developed for females at the
Auckland Islands (where the major squid trawl fishery 6T operates adjacent to), integrating information
from mark-recapture observations, pup census and the estimated age distribution of lactating females.
Good fits were obtained to all three types of observation and the model structure and parameter
estimates appeared to be a good representation of demographic processes that have affected population
decline there (primarily low pup survival and low adult survival) (Roberts & Doonan 2016).

Best-estimate projections were undertaken for commercial trawl related mortality, Klebsiella
pneumoniae-related mortality of pups, trophic effects (food limitation), pups drowning in wallows, male
aggression and hookworm mortality and these were compared with the base run — a continuation of
demographic rates since 2005 (A2037 = 0.961, 95% CI 0.890-1.020). A positive growth rate was
obtained only with the alleviation of Klebsiella (32037 = 1.005, 95% CI 0.926— 1.069). When assuming
the most pessimistic view of cryptic mortality (all interactions resulted in mortality and associated death
of pups), alleviating the effects of commercial trawl-related mortality resulted in an increased
population growth rate relative to the base run, but did not reverse the declining trend (A2037 = 0.977,
95% CI 0.902—-1.036). The alleviation of trophic effects (food limitation) had the next greatest effect
(22037 = 0.974, 95% CI 0.905-1.038) and all other threats had a minor effect relative to the base run
projection (increase in A2037 of less than 0.01) (Roberts & Doonan 2016).

Table 3: Fisheries-related mortality limit (FRML) from 1991 to 2015 (9 = females; numbers in parentheses are FRMLs
modified in-season). Direct comparisons among years are not useful because the assumptions underlying the

FRML changed over time.

Year FRML Discount rate Management actions

1991-92 16 (?)

1992-93 63

1993-94 63

1994-95 69

1995-96 73 Fishery closed by MFish (4 May)

1996-97 79 Fishery closed by MFish (28 Mar)

1997-98 63 Fishery closed by MFish (27 Mar)

1998-99 64

1999-00 65 Fishery closed by MFish (8 Mar)

2000-01 75 Voluntary withdrawal by industry

2001-02 79 Fishery closed by MFish (13 Apr)

2002-03 70 Fishery closed by MFish (29 Mar), overturned by High Court
2003-04 62 (124) 20% Fishery closed by MFish (22 Mar), overturned by High Court
2004-05 115 20% Voluntary withdrawal by industry on reaching the FRML
2005-06 97 (150) 20% FRML increased in mid-March due to abundance of squid
2006-07 93 20%

2007-08 81 35%

2008-09 113 (95) 35% Lower interim limit agreed following decrease in pup numbers
2009-10 76 35%

2010-11 68 35%

2011-12 68 35%

2012-13 68 82%

2013-14 68 82%

2014-15 68 82%

2015-16 68 82%

2016-17 68 82%

2017-18 38 75%

Results from the risk assessment at the Auckland Islands indicated that alleviation of any one threat will
not result in an increasing population. Similarly none of the major threats assessed were sufficient alone
to explain the observed decline in pup production at the Auckland Islands. Clearly multiple factors were
acting on the population, and for management to recover the species a holistic view must be adopted.
Further studies will be needed to fully understand, and development management options for some of
the key threats, such as trophic effects and Klebsiella disease.
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Table 4: Annual trawl effort, observer coverage, observed numbers of sea lions captured, observed capture rate (sea
lions per 100 trawls), estimated sea lion captures, interactions, and the estimated strike or capture rate (with
95% confidence intervals) for the squid trawl fisheries operating in SQU 6T (Auckland Islands). Estimates
are based on methods described in Abraham et al (2016) and available via https://data.dragonfly.co.nz/psc.
Data for 1995-96 to 201415 are based on data version 2018v01.

Obs. captures Est. captures Est. interactions Est. Interaction rate
Year Tow % obs. No. Rate Mean 95% c.i. Mean 95% c.i. Mean 95% c.i.
1995-96 4468 12.5 13 2.3 130 69-223 129 69-223 2.9 1.5-5
1996-97 3721 19.8 28 3.8 140 92-208 140 90-211 3.8 24-5.7
1997-98 1442 23.2 15 4.5 59 32-101 59 31-102 4.1 2.1-7.1
1998-99 403 38.7 5 3.2 14 7-26 14 5-27 3.5 1.2-6.7
1999-00 1206 36.3 25 5.7 69 45-105 69 44-107 5.7 3.6-8.9
2000-01 583 99.1 39 6.7 39 39-40 62 41-85 10.6 7-14.6
2001-02 1647 342 21 3.7 42 29-63 73 44-114 4.4 2.7-6.9
200203 1466 28.4 11 2.6 18 12-28 47 25-79 32 1.7-5.4
2003-04 2594 30.6 16 2 39 26-59 206 104-383 7.9 4-14.8
2004-05 2 693 29.9 9 1.1 30 16-49 167 76-323 6.2 2.8-12
2005-06 2459 22.4 10 1.8 26 15-43 153 65-306 6.2 2.6-12.4
200607 1317 40.7 7 1.3 15 9-25 93 33-216 7.1 2.5-16.4
2007-08 1265 46.7 5 0.8 12 6-22 160 24-804 12.6 1.9-63.6
2008-09 1925 39.6 2 0.3 7 2-15 134 14-672 7 0.7-34.9
2009-10 1188 25.5 3 1 12 5-26 165 22-818 13.9 1.9-68.9
2010-11 1583 34.6 0 0 3 0-10 90 5-501 5.7 0.3-31.6
2011-12 1281 44.6 0 0 2 0-6 60 3-319 4.7 0.2-24.9
2012-13 1027 86.2 3 0.3 4 3-6 73 8-384 7.1 0.8-37.4
2013-14 737 84.4 2 0.3 2 2-4 47 5-231 6.4 0.7-31.3
2014-15 633 88.3 1 0.2 1 1-3 44 3-236 7 0.5-37.3
2015-16 1367 92.2 0 0
2016-17 1280 70.4 3 0.3

* SLEDs were introduced. * SLEDs were standardised and in widespread use.

Table 5: Number of tows by fishing year and observed NZ sea lion captures in squid trawl fisheries on the Stewart-
Snares shelf, 2002—03 to 2016—17. 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) and available via https://data.dragonfly.co.nz/psc. Data for 2002—03 to 2014-15 are based on data
version 2018v1.

Fishing effort Observed captures Estimated interactions
Tows No. obs % obs Captures Rate Mean 95% c.i.
2002-03 3281 506 15.4 0 0.00 2 0-5
2003-04 4534 957 21.1 1 0.10 3 1-6
2004-05 5861 1582 27.0 3 0.19 6 3-10
2005-06 4481 537 12.0 1 0.19 3 1-7
2006-07 2925 706 24.1 1 0.14 2 1-5
2007-08 2412 866 35.9 0 0.00 1 0-3
2008-09 1809 532 29.4 0 0.00 1 0-3
2009-10 2259 765 33.9 1 0.13 2 1-4
2010-11 2176 685 31.5 0 0.00 1 0-3
2011-12 1985 801 40.4 0 0.00 1 0-2
2012-13 1528 1342 87.8 0 0.00 0 0-1
2013-14 1222 1083 88.6 0 0.00 0 0-1
2014-15 1116 1047 93.8 1 0.10 0 0-1
2015-16 988 923 93.4 0 0.00
2016-17 1115 906 81.3 0 0.00
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4.3.2 New Zealand fur seal interactions
The New Zealand fur seal was classified in 2008 as “Least Concern” by IUCN and in 2010 as “Not
Threatened” under the New Zealand Threat Classification System.

Vessels targeting arrow squid incidentally catch fur seals (Baird & Smith 2007a, Smith & Baird 2009,
Thompson & Abraham 2010b, Baird 2011, Abraham et al 2016), mostly off the east coast South Island,
on the Stewart-Snares shelf, and close to the Auckland Islands. In the 2016—17 fishing year there were
17 observed captures of New Zealand fur seal in squid trawl fisheries. The rate of capture over the
period 2002-03 and 2016-17 varied from 0.1 to 1.1 captures per hundred tows without obvious trend
(Table 6). Estimated capture rates from Abraham et al (2016) (available via
https://data.dragonfly.co.nz/psc) are not reproduced here pending resolution of identified structural
issues in the model related to the partition between model strata with contrasting capture rates, resulting
in implausibly high estimates of uncertainty despite high observer coverage.

4.3.3 Seabird interactions

Vessels targeting arrow squid incidentally catch seabirds. Baird (2005a) summarised observed seabird
captures in the arrow squid target fishery for the fishing years 1998-99 to 2002—03 and calculated total
seabird captures for the areas with adequate observer coverage using ratio based estimations. Baird &
Smith (2007b, 2008) summarised observed seabird captures and used both ratio-based and model-based
predictions to estimate the total seabird captures for 2003—04, 2004—05 and 2005-06. Abraham &
Thompson (2011) summarised captures of protected species and used model and ratio-based predictions
of the total seabird captures for 1989-90 and 2008-09.

A consistent modelling framework was developed to estimate the captures for ten species (and species
groups), using hierarchical mixed-effects generalised linear model (GLM), fitted using Bayesian

methods (Abraham et al 2016, Abraham & Richard 2017, 2018).

Table 6: Number of tows by fishing year and observed total NZ fur seal captures in squid trawl fisheries, 2002—03 to

2016-17.

Fishing effort Observed

Tows No. %  Capture Rate

2002-03 8410 1308 15.6 8 0.61
2003-04 8336 1771 21.2 16 0.90
2004-05 10 489 2512 23.9 15 0.60
2005-06 8576 1103 12.9 4 0.36
2006-07 5905 1289 21.8 9 0.70
2007-08 4236 1459 34.4 6 0.41
2008-09 3867 1299 33.6 1 0.08
2009-10 3789 1071 28.3 8 0.75
2010-11 4213 1263 30.0 8 0.63
2011-12 3505 1381 39.4 8 0.58
2012-13 2 644 2271 85.9 7 0.31
2013-14 2051 1789 87.1 10 0.56
2014-15 1950 1694 86.9 19 1.12
2015-16 2895 2363 81.6 10 0.42
2016-17 2594 1926 74.6 17 0.88

In the 201516 fishing year there were 302 observed captures of birds in squid trawl fisheries, and 361
estimated captures (95% c.i.: 324-441), with the estimates made using a statistical model (Table 7,
Abraham et al 2016). In the 2016-17, there were 261 observed captures of seabirds in squid trawl
fisheries, however estimates of total captures are not available (Table 7).

Total estimated seabird captures in squid trawl fisheries varied from 237 to 1338 between 2002—03
and 2015-16 at a rate of 7.7 to 22.7 captures per hundred tows without obvious trend (Table 7). These
estimates include all bird species and should be interpreted with caution because trends by species can
be masked. The average capture rate in squid trawl fisheries over the last thirteen years is about 13.79
birds per 100 tows, a high rate relative to trawl fisheries for scampi (4.43 birds per 100 tows) and hoki
(2.32 birds per 100 tows) over the same years.
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Observed seabird captures since 2002—-03 have been dominated by four species: white-capped and
southern Buller’s albatrosses make up 83% and 13% of the albatrosses captured, respectively; and
white-chinned petrels and sooty shearwaters make up 56% and 41% of other birds, respectively, the
total and fishery risk ratios presented in Table 8. Most captures occur on the Stewart-Snares shelf
(63%) or close to the Auckland Islands (36%). These numbers should be regarded as only a general
guide on the distribution of captures because observer coverage is not uniform across areas and may
not be representative.

Table 7: Number of tows by fishing year and observed and model-estimated total bird captures in squid trawl
fisheries, 2002—03 to 2016—17. 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) and Abraham & Richard (2017, 2018) and are available via https://data.dragonfly.co.nz/psc.
Estimates from 2002—-03 to 2016—17 are based on data version 2018v1.

Observed Estimated

Tows No. obs % obs Captures Rate Captures 95% c.i.

2002-03 8410 1308 15.6 154 11.8 913 687-1233
2003-04 8336 1771 21.2 194 11.0 905 707-1168
2004-05 10 489 2512 239 351 14.0 1348 1101-1655
2005-06 8576 1103 12.9 195 17.7 1215 902-1655
200607 5905 1289 21.8 126 9.8 595 435-838
2007-08 4236 1459 344 162 11.1 495 377-669
2008-09 3867 1299 33.6 259 19.9 645 511-837
2009-10 3789 1071 28.3 92 8.6 425 303-607
2010-11 4213 1263 30.0 142 11.2 555 411-762
2011-12 3505 1381 394 105 7.6 359 267-492
2012-13 2 644 2271 85.9 444 19.6 505 467-573
2013-14 2051 1789 87.2 206 11.5 244 218-297
2014-15 1950 1 694 86.9 384 22.7 424 392-499
2015-16 2 895 2363 81.6 302 12.8 364 324-462
2016-17 2594 1926 74.2 261 13.6 353 302-442

The squid target fishery contributes to the total risk posed by New Zealand commercial fishing to
seabirds. The two species to which the fishery poses the most risk are Southern Buller’s albatross and
New Zealand white-capped albatross, with this target fishery poses 0.048 and 0.028 of PST (Table 9).
Southern Buller’s albatross and New Zealand white-capped albatross were both assessed at high risk
(Richard et al 2017).

Mitigation methods such as streamer (tori) lines, Brady bird bafflers, warp deflectors, and offal
management are used in the squid trawl fishery. Warp mitigation was voluntarily introduced from
about 2004 and made mandatory in April 2006 (Ministry of Fisheries 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). During the 2005-06 fishing year a
large trial of mitigation devices was conducted in the squid fishery (Middleton & Abraham 2007).
Eighteen vessels were involved in the trial which used observations of seabird heavily contacting the
trawl warps (‘warp strikes’) to quantify the effect of using three mitigation devices; paired streamer/tori
lines, four boom bird bafflers and warp scarers. Few warp strikes occurred in the absence of offal
discharge. When offal was present the tori lines were most effective at reducing warp strikes. All
mitigation devices were more effective for reducing large bird warp strikes than small bird. There
were, however, about as many bird strikes on the tori lines as the number of strikes on unmitigated
warps. The effect of these strikes has not been assessed (Middleton & Abraham 2007).

The three year average warp capture rate of white-capped albatross (84% of albatross observed caught
in this fishery) before warp mitigation was made mandatory at the start of the 2005-06 fishing year
was higher than 3 per 100 tows in hoki target trawls until the three year period from 2003-04 to 2005-
06. Since 2005-06 to 2007-08, the three year warp capture rate has decreased to below 1 per 100 tows.
For this same species the three year average capture rates from nets has fluctuated over this time period
(Figure 2).
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4.4 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 and Tilney 2015, Black and Tilney 2017, and Baird and Wood
2018) and species in waters shallower than 250m (Baird et al 2015).

Numbers of bottom-contacting squid trawls used to generate the trawl footprint ranged from about 7000
to 10 000 tows during 1989-90 to 2005-06 and 2000—4000 during 2006—07 to 2015-16 (Baird & Wood
2018). In total, about 168 850 bottom-contacting squid trawls were reported on TCEPRs and TCERs
for 1989-90 to 2015-16. The total footprint generated from these tows was estimated at about
40 130 km?2. This footprint represented coverage of 1.0% of the seafloor of the combined EEZ and the
Territorial Sea areas; 2.8% 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, 2592 squid bottom-contacting tows had an estimated
footprint of 3715 km2 which represented coverage of 0.1% of the EEZ and Territorial Sea and 0.3% of
the fishable area (Baird & Mules 2019).

The overall trawl footprint for squid (1989-90 to 2015-16) covered 8% of the seafloor in <200 m, 8%
of 200—400 m seafloor, and 3.5% of the 400—-1600 m seafloor (Baird & Wood 2018). In 2016-17, the
squid footprint contacted 1%, 1%, and < 0.1% of those depths ranges, respectively (Baird & Mules
2019). The BOMEC areas with the highest proportion of area covered by the squid footprint were
classes E (Stewart-Snares shelf), F (sub-Antarctic island shelves), I (Chatham Rise slope and shelf edge
of the east coast South Island), and L (Southern Plateau waters). The 2016—17 arrow squid trawl
footprint covered 3% of the 61 000 km2 of class E, 2% of the 38 608 km?2 of class F, and almost 1% of
the 52 224 km?2 of class I (Baird & Mules 2019).
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Figure 2: Three year rolling average of capture rates of white-capped albatross in squid trawl fisheries for warp and
net captures.

Bottom trawling for squid, like trawling for other species, is likely to have effects on benthic community
structure and function (e.g., see Rice 2006 for an international review) 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 are not considered in detail here but are discussed in the 2017 Aquatic Environment and
Biodiversity Annual Review (MPI, 2017a).

4.5 Other considerations

A substantial decline in the west coast jig fishery for squid will have reduced any trophic implications
of that fishery.
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Table 8: Number of observed seabird captures in squid trawl fisheries, 2002—03 to 201617, by species and area. The risk category is an estimate of aggregate potential fatalities across trawl
and longline fisheries relative to the Population Sustainability Threshold, PST (from Richard et al 2017, where full details of the risk assessment approach can be found). It is not an

estimate of the risk posed by trawl fishing for squid alone

New Zealand white-capped albatross
Southern Buller's albatross

Salvin's albatross

Southern Royal albatross

Campbell black-browed albatross
Albatross spp.

Black-browed albatross

Buller's albatross

Royal albatross spp.

Total albatrosses

White-chinned petrel

Sooty shearwater

Antarctic prion

Common diving petrel

Cape petrel

Fairy prion

Black-bellied storm petrel

Grey petrel

New Zealand white-faced storm petrel
White-headed petrel

mid-sized petrels & shearwaters
Giant petrel spp.

Grey-backed storm petrel
Gadfly petrels

Prion spp.

Seabirds

Total other birds
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Risk
category
High

High

High
Negligible
Low

Negligible
Negligible
Negligible
Negligible
Negligible
Negligible
Negligible
Negligible
Negligible
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Auckland Islands
399
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6
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Table 9: Risk ratio of seabirds predicted by the level two risk assessment for the squid target trawl fishery 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 Population Sustainability Threshold, PST (from Richard et al 2017, 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 PST. The DOC threat classifications are shown (Robertson
et al 2017 at http://www.doc.govt.nz/Documents/science-and-technical/nztcs19entire.pdf).

Risk ratio
Risk

Species name PST (mean)  Squid target trawl TOTAL  category DOC Threat Classification
Southern Buller's albatross 1368.4 0.048 0.392  High At Risk: Naturally Uncommon
New Zealand white-capped
albatross 10900.3 0.028 0.353  High At Risk: Declining
White-chinned petrel 25614.6 0.009 0.055 Negligible At Risk: Declining
Salvin's albatross 3599.5 0.002 0.780  High Threatened: Nationally Critical
Northern royal albatross 715.1 0.001 0.043  Low At Risk: Naturally Uncommon

S. STOCK ASSESSMENT

Arrow squid live for one year, spawn once then die. Every squid fishing season is therefore based on
what amounts to a new stock. It is not possible to calculate reliable yield estimates from historical catch
and effort data for a resource which has not yet hatched, even when including data which are just one
year old. Furthermore, because of the short life span and rapid growth of arrow squid, it is not possible
to estimate the biomass prior to the fishing season. Moreover, the biomass increases rapidly during the
season and then decreases to low levels as the animals spawn and die.

5.1 Estimates of fishery parameters and abundance
No estimates are available.

5.2 Biomass estimates
Biomass estimates are not available for squid.

5.3 Yield estimates and projections
It is not possible to estimate MCY.

It is not possible to estimate CAY.

54 Other yield estimates and stock assessment results
There are no other yield estimates of stock assessment results available for arrow squid.

5.5 Other factors

N. gouldi spawns one to two months before N. sloanii. This means that at any given time N. gouldi is
older and larger than N. sloanii. The annual squid jigging fishery begins on N. gouldii and at some time
during the season the biomass of N. sloanii will exceed that of N. gouldi and the fleet will move south.
If N. sloanii are abundant the fleet will remain in the south fishing for N. sloanii. If N. sloanii are less
abundant the fleet will return north and resume fishing N. gouldi.

6. STATUS OF THE STOCKS

No estimates of current and reference biomass are available. There is also no proven method at this time
to estimate yields from the squid fishery before a fishing season begins based on biomass estimates or
CPUE data.

Because squid live for about one year, spawn and then die, and because the fishery is so variable, it is
not practical to predict future stock size in advance of the fishing season. As a consequence, it is not
possible to estimate a long-term sustainable yield for squid, nor determine if recent catch levels or the
current TACC will allow the stock to move towards a size that will support the MSY. There will be
some years in which economic or other factors will prevent the TACC from being fully taken, while in
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other years the TACC may be lower than the potential yield. It is not known whether New Zealand
squid stocks have ever been stressed through fishing mortality.

TACCs and reported landings for the 2017-18 fishing year are summarised in Table 9.

Table 9: Summary of TACCs (t) and reported landings (t) of arrow squid for the most recent fishing year.

2017-18 2017-18

Actual Reported

Fishstock TACC landings
SQU 1J 5000 <1
SQU 1T 44 741 11983
SQU 6T 32369 11 086
SQU 10T 10 <1
Total 82120 23 069
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BARRACOUTA (BAR)

(Thyrsites atun)
Manga, maka

1. FISHERY SUMMARY

11 Commercial fisheries

Barracouta are caught in coastal waters around mainland New Zealand, The Snares and Chatham
Islands, down to about 400 m and have been managed under the Quota Management System since
1 October 1986. Historical catch summaries are given in Tables 1 and 2. Catches by New Zealand
vessels increased significantly in the late 1960s and total annual catch peaked at about 47 000 t in 1977,
with the addition of foreign vessels around New Zealand. Between 1983-84 and 2016-17, catches
fluctuated between 18 000 and 29 000 t per annum (Table 3), at an average 25 000 t. Figure 1 shows
the historical landings and TACC values for the main BAR stocks.

Table 1: Reported landings (t) for the main QMAs from 1931 to 1982.

Year BAR 1 BAR 4 BAR 5 BAR 7 Year BAR 1 BAR 4 BAR 5 BAR 7
1931-32 4 0 0 0 1957 163 0 20 80
1932-33 55 0 0 77 1958 146 0 15 78
1933-34 5 0 1 0 1959 139 0 18 71
1934-35 36 0 0 52 1960 117 0 13 90
1935-36 1 0 0 0 1961 187 0 22 68
1936-37 26 0 0 35 1962 104 0 25 44
1937-38 21 0 0 26 1963 63 0 4 20
1938-39 91 0 22 55 1964 66 0 4 21
1939-40 107 0 27 50 1965 111 0 1 76
1940-41 153 0 53 30 1966 62 0 1 116
1941-42 212 0 86 17 1967 53 0 1 178
1942-43 371 0 151 20 1968 10113 0 3 1196
1943-44 192 0 79 7 1969 8499 0 2 5756
1944 247 0 97 50 1970 12 984 0 2 3960
1945 306 0 114 32 1971 11 327 0 191 4006
1946 391 0 125 63 1972 29 307 2 86 3487
1947 590 0 213 45 1973 14 856 0 79 4698
1948 466 0 172 27 1974 23420 0 106 9028
1949 425 0 169 40 1975 8985 0 855 6 257
1950 430 0 153 76 1976 19124 5 495 6795
1951 266 0 95 47 1977 69 81 9095 2041 33266
1952 190 0 56 68 1978 6 833 17 1162 6918
1953 202 0 41 7 1979 6474 4057 3380 5263
1954 166 0 35 38 1980 5649 1854 7 867 5146
1955 139 0 14 58 1981 6993 2030 8311 11141
1956 165 0 16 45 1982 5393 787 6909 7064
Notes:

1.  The 1931-1943 years are April-March but from 1944 onwards are calendar years.

2. Data up to 1985 are from fishing returns: Data from 1986 to 1990 are from Quota Management Reports.

3. Data for the period 1931 to 1982 are based on reported landings by harbour and are likely to be underestimated as a result of under-
reporting and discarding practices. Data includes both foreign and domestic landings. Data were aggregated to FMA using methods and
assumptions described by Francis & Paul (2013).
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Table 2: Reported landings (t) by nationality from 1977 to 1987-88.

Fishing New Zealand Foreign Total
Year Domestic Chartered Japan Korea USSR (FSV) (QMS)
1977 4697 0 34 357 8109 0 47 163 -
1978-79 5335 58 4781 2481 0 12 655 -
1979-80 7748 6679 4339 3879 47 22922 -
1980-81 10 058 4995 4227 15 60 19 355 -
1981-82 12 055 11077 2813 373 0 26 328 -
1982-83 10814 7110 1746 1888 31 21589 -
1983-83* 7763 2961 803 1115 0 12 642 -
1983-84 12 390 10 226 1786 4 355 0 28 757 -
1984-85 7 869 10 425 1430 5252 0 24 976 -
1985-86 8427 7 865 1371 815 0 18478 -
1986-87 9829 13732 1575 742 0 25878 27 6607
1987-88 9335 12 077 896 609 0 22971 26 6077

* 6 month changeover in fishing years.
t The discrepancies between QMS and FSU total landings are due to under-reporting to the FSU.

Over 99% of the recorded catch is taken by trawlers. Major target fisheries have been developed on
spring spawning aggregations (Chatham Islands, Stewart Island, west coast South Island and northern
and central east coast South Island) as well as on summer feeding aggregations, particularly around The
Snares and on the east coast of the South Island. Barracouta also comprise a significant proportion of
the bycatch in the west coast North Island jack mackerel fishery, The Snares squid fishery, and the east
coast South Island red cod and tarakihi fisheries. Catches in BAR 1 increased after 200809 to levels
similar to those in the late 1990s, with catches generally fluctuating about the TACC, though since
2013-14 catches ranged between 6 000 and 9 500 t. The TACC in BAR 5 was reduced from 9 282 t to
7 470 t on 1 October 1998 with a 2 t customary and 3 t recreational allocation and a TAC of 7475 t.
Recent catches have fluctuated about the new TACC in this fishery. In BAR 7 the catch limit was
exceeded from 2004-05 to 2006-07 (catches nearly reached 15 000 t in 2006-07), but catch has
decreased since, to well below the TACC.

Table 3: Reported landings (t) of barracouta by Fishstock from 1983-84 to 2017-18 and actual TACCs (t) from 1986—
87 t0 2017-18. QMS data from 1986-present. [ Continued on next page]

Fishstock BAR 1 BAR 4 BAR 5 BAR 7
FMAs 1,2,3 4 5&6 7,8,9

Landinas TACC Landing TACC Landinas TACC Landinas TACC
1983-84* 7 805 - 1743 - 11291 - 7222 -
1984-85* 5442 - 1909 - 12 487 - 4425 -
1985-86* 5395 - 1509 - 6380 - 4536 -
1986-87 8877 8510 3084 3010 7653 9010 8 046 10510
1987-88 9 256 8 837 1775 3010 6 457 9011 9117 10 603
1988-89 5838 9426 946 3010 5323 9011 8071 10 702
1989-90 9209 9841 1349 3016 5960 9282 7050 10 925
1990-91 9401 9957 1399 3016 8817 9282 7138 10 925
1991-92 6733 9 957 1156 3016 6 897 9282 7 326 10 925
1992-93 9032 9969 2251 3016 7019 9282 10 141 10 925
1993-94 7299 9969 606 3016 3410 9282 8030 10 925
1994-95 10 023 9969 331 3016 2 645 9282 9 345 10 925
1995-96 11252 9969 2234 3016 4255 9282 8593 10 925
1996-97 11873 11 000 1081 3016 2839 9282 10 203 10 925
1997-98 11543 11 000 1966 3016 6 167 9282 8717 10 925
1998-99 9229 11 000 459 3016 7302 7470 4427 10 925
1999-00 10 032 11 000 1911 3016 6 205 7470 3288 10 925
2000-01 7118 11 000 2122 3016 6101 7470 6 890 10 925
2001-02 6 900 11 000 1160 3019 5883 7470 7 655 11173
2002-03 7595 11 000 573 3019 7843 7470 9025 11173
2003-04 5949 11 000 477 3019 6919 7470 9114 11173
2004-05 6 085 11 000 98 3019 8593 7470 12 156 11173
2005-06 7030 11 000 687 3019 9479 7470 10 685 11173
2006-07 5351 11 000 3233 3019 6 334 7470 14 699 11173
2007-08 5987 11 000 2975 3019 8561 7470 10 451 11173
2008-09 8 861 11 000 968 3019 7 659 7470 8 955 11173
2009-10 10 635 11 000 1223 3019 6 951 7470 9642 11173
2010-11 11420 11 000 1190 3019 8201 7470 6129 11173
2011-12 9 305 11 000 1423 3019 7071 7470 8 643 11173
2012-13 9740 11 000 706 3019 7931 7470 6 897 11173
2013-14 11 309 11 000 1482 3019 6 886 7470 6 637 11173
2014-15 6902 11 000 3671 3019 6779 7470 6974 11173
2015-16 5568 11 000 2893 3019 7 558 8 200 5493 11173
2016-17 9520 11 000 2 606 3019 8916 8 200 7127 11173
2017-18 11110 11 000 2 479 3019 7126 8200 8 356 11173
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Table 3 Continued: Reported landings (t) of barracouta by Fishstock from 1983-84 to 2017-18 and actual TACCs (t)
from 1986-87 to 2017-18. QMS data from 1986-present.

Fishstock BAR 10
FMAs 10 Total
Landings TACC Landings TACC
1983-84* 0 - 28 061 -
1984-85* 0 - 24 263 -
1985-86* 0 - 17 820 -
1986-87 0 10 27 660 31050
1987-88 0 10 26 605 31471
1988-89 0 10 20178 32159
1989-90 0 10 23568 33073
1990-91 0 10 26 755 33190
1991-92 0 10 22212 33190
1992-93 <1 10 28 443 33202
1993-94 0 10 19 345 33202
1994-95 0 10 22345 33202
1995-96 0 10 26 334 33202
1996-97 0 10 25996 34233
1997-98 0 10 28 393 34233
1998-99 0 10 21417 32421
1999-00 0 10 21436 32421
2000-01 0 10 22231 32421
2001-02 0 10 21598 32672
2002-03 0 10 25036 32672
2003-04 0 10 22 459 32672
2004-05 0 10 26 919 32672
2005-06 0 10 27881 32672
2006-07 0 10 29 617 32672
2007-08 0 10 27 968 32672
2008-09 0 10 26 443 32672
2009-10 0 10 28451 32672
2010-11 0 10 26 937 32672
2011-12 0 10 26 442 32672
2012-13 0 10 24973 32672
2013-14 0 10 26 313 32672
2014-15 0 10 24 327 32672
2015-16 0 10 21511 33403
2016-17 0 10 28 169 33403
2017-18 0 10 29071 33403
* FSU data.

1.2 Recreational fisheries

Barracouta are commonly encountered by recreational fishers in New Zealand, more frequently in the
southern half of BAR 7 and BAR 1. Barracouta are typically harvested as bait for other fishing rather
than for consumption. They are predominantly taken on rod and reel (97.9%) with a small proportion
taken by net methods (1.7%). The catch is taken predominantly from boat (95.5%) with a small
proportion from land based fishers (4.5%).

BAR1 Landings [ | TACC ——

30000 §

20000 +

10000 - wﬁu HJ

0 e e T T T T T T T

1937-38 1947-48 1957-58 1967-68 1977-78 1987-88 1997-98 2007-08 2017-18
Fishing Year

Figure 1: Reported commercial landings and TACC for the four main BAR stocks. BAR 1, [Continued on next page].
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Figure 1: [Continued] Reported commercial landings and TACC for the four main BAR stocks. From top to bottom:
BAR 4 (Chatham Rise), BAR 5 (Southland), and BAR 7 (Challenger).
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1.2.1 Management controls

The main method used to manage recreational harvests of barracouta is daily bag limits. General
spatial and method restrictions also apply. Fishers can take up to 30 barracouta as part of their
combined daily bag limit in the Fiordland and Southland Fishery Management Areas. There is
currently no bag limit in place in the other Fishery Management Areas.

1.2.2 Estimates of recreational harvest

There are two broad approaches to estimating recreational fisheries harvest: the use of onsite or access
point methods where fishers are surveyed or counted at the point of fishing or access to their fishing
activity; and offsite methods where some form of post-event interview and/or diary are used to collect
data from fishers.

The first estimates of recreational harvest for barracouta were calculated using an offsite approach, the
offsite regional telephone and diary survey approach. Estimates for 1996 came from a national
telephone and diary survey (Bradford 1998). Another national telephone and diary survey was carried
out in 2000 (Boyd & Reilly 2002). The harvest estimates provided by these telephone diary surveys
(Table 4) are no longer considered reliable.

In response to the cost and scale challenges associated with onsite methods, in particular the
difficulties in sampling other than trailer boat fisheries, offsite approaches to estimating recreational
fisheries harvest have been revisited. This led to the development and implementation of a national
panel survey for the 2011-12 fishing year (Wynne-Jones et al 2014). The panel survey used face-to-
face interviews of a random sample of New Zealand households to recruit a panel of fishers and non-
fishers for a full year. The panel members were contacted regularly about their fishing activities and
catch information collected in standardised phone interviews. The national panel survey was repeated
during the 2017-18 fishing year using very similar methods to produce directly comparable results
(Wynne-Jones et al 2019). Recreational catch estimates from the two national panel surveys are given
in Table 4. Note that national panel survey estimates do not include recreational harvest taken under
s111 general approvals.

13 Customary non-commercial fisheries
Quantitative information on the current level of customary non-commercial take is not available.

14 Illegal catch
Quantitative information on the level of illegal catch is not available.

15 Other sources of mortality

There may have been considerable amounts of barracouta discarded prior to the QMS, either because
of quota restrictions under the deepwater policy, low value, or undesirable small size fish. There is also
likely to be some mortality associated with escapement from trawl nets. Some discarding may also have
occurred in BAR 1 because of the lack of quota availability and the high deemed value in relation to
the low value of the fish.

2. BIOLOGY

Barracouta spawn mainly in late-winter/spring (August—September) on the east and west coasts of both
of the main islands, and in late spring (November—December) in Southland and in the Chatham Islands.
Some spawning activity may also extend into summer/autumn, with recent observer data indicating
spawning off the east coast South Island during September to December (Baird 2016). Sexual maturity
is reached at about 50-60 cm fork length (FL) at about 2—-3 years of age.

Juvenile barracouta have been recorded from inshore areas (less than 100 m) all around New Zealand
and the Chatham Islands, although they appear to be less common on the west coast of the South Island.
Adult fish are found down to about 400 m depth. Tagging experiments indicated that mature fish from
the east coast South Island waters migrate after June to northern waters off the east coast North Island
to spawn during August—September; research survey results and commercial fishing patterns show
some consistency with this movement (see Hurst et al 2012).
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Table 4: Recreational harvest estimates for barracouta stocks. Early surveys were carried out in different years in
the regions: South in 1991-92, Central in 1992-93, and North in 1993-94 (Teirney et al 1997). The estimated
Fishstock harvest is indicative in these surveys and made by combining estimates from the different years.
Some early survey harvests are presented as a range to reflect the considerable uncertainty in the estimates.
The telephone/diary surveys ran from December to November but are denoted by the January calendar
year. The national panel surveys ran through the October to September fishing year but are denoted by the
January calendar year. Mean weights of 2.14 kg and 2.40 kg were used for the 2011-12 and 2017-18
national panel surveys respectively.

Total
Fishstock Survey Number Ccv Survey harvest (t)
BAR 1 1992 South 27 000 47% 30-90
BAR 7 1992 South 2100 44% -
BAR 1 1993 Central 17 000 22% 25-35
BAR 7 1993 Central 15 600 24% 25-35
BAR 1 1996 National 68 000 8% 160-190
BAR 7 1996 National 74 000 15% 160-220
BAR 1 2000 National 156 000 35% 182 =377
BAR 5 2000 National 2000 51% 2-7
BAR 7 2000 National 35000 28% 68-120
BAR 1 2012 Panel survey 22 244 27% 471.7
BAR 5 2012 Panel survey 666 51% 14
BAR 7 2012 Panel survey 16 743 23% 35.9
BAR 1 2018 Panel survey 11845 22% 28.4
BAR 5 2018 Panel survey 648 61% 1.6
BAR 7 2018 Panel survey 6 088 21% 14.6

No age data are available for the period prior to the onset of commercial fishing, which developed
rapidly from 1968. Ageing studies carried out in the mid-1970s showed that the maximum age rarely
exceeded 10 years.

M was estimated using the equation M = log,100/maximum age, where maximum age is the age to

which 1% of the population survives in an unexploited stock. Using 10 years for the maximum age
suggests an M of up to 0.46. The effect of fishing on age structure prior to the mid-1970s is unknown,
but M is unlikely to be less than 0.3, which has been assumed in previous stock assessments.

Biological parameters relevant to the stock assessment are shown in Table 5.

Table 5: Estimates of biological parameters.

Fishstock Estimate Source
1. Natural mortality (M) Hurst (unpub. data)
All-both sexes Less than 0.46

M = 0.30 considered best estimate for all
areas for both sexes

2. Weight = a(length)® (Weight in g. length in cm fork length).

Females Males
a b a b
BAR 4 0.0074 2.94 0.0117 2.82 Hurst & Bagley (1992)
BAR 5 0.0075 2090 0.0075 2.90 Hurst & Bagley (1992)
3. Von Bertalanffy growth parameters
Both sexes
K to L. Grant et al (1978)
Tasmania 0.45 0.166 91.17  (unconstrained)
0.42 -0.25 91.01 (constrained, t, fixed)
Southland 0.336 -0.35 81.1 Male Horn (2002)
0.259 -0.60 89.3 Female Horn (2002)

3. STOCKS AND AREAS

There are thought to be at least four main stocks, based on known spawning locations and movements.
Stock boundaries are not well understood, but the Chatham Islands stock is probably separate. There
may be some overlap between mainland stock management areas as currently defined from analysis of
tagging data, commercial fishery data, biological data (i.e., length frequencies, otoliths, parasites,
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spawning areas and seasons) and from seasonal relative biomass estimates. In particular, it appears that
there is considerable overlap of Southland fish with other areas, probably the west coast of the South
Island and possibly the east coast as well. However, there are not enough data at this stage to alter the
existing stock boundaries.

4. STOCK ASSESSMENT

There are no stock assessments available for any barracouta stocks and TACCs have remained constant
in all stocks since 2001-02. Hurst et al (2012) provided a comprehensive characterisation of all
barracouta stocks and provided CPUE indices for BAR 1 (east coast South Island), BAR 4 (west coast
South Island), and BAR 5 for 1989-90 to 2007-08. McGregor (2013) characterised the fisheries and
estimated CPUE indices for the fisheries on the WCNI and WCSI (BAR 7) and the southern Snares
fishery (BAR 5). Baird (2016) provided indices for 1989-90 to 2013-14 for the ECNI and ECSI parts
of BAR 1. Marsh & McGregor (2017) updated CPUE indices for BAR 5 to 2015. In BAR 4 the fishery
has been highly variable and no standardised analysis is possible.

A time series of trawl surveys was carried out in the Southland area (QMA 5) in February—March from
1993 to 1996 using Tangaroa (Table 6). Trawl surveys on the east and west coasts of the South Island
in autumn using Kaharoa may help interpretation of trends in biomass around the South Island. The
long time series of trawl surveys on the Chatham Rise (deeper than 200 m) and Sub-Antarctic (deeper
than 300 m) using Tangaroa are not considered to adequately survey the preferred depth range of
barracouta.

4.1 BAR 1 Auckland (E), Central (E), South-East (Coast)

4.1.1 Estimates of fishery parameters and abundance

The results from trawl surveys carried out during the mid 1980s (sometimes from a variety of different
vessels) were used to provide an approximate estimate of minimum absolute biomass. This approach
required an assumption about catchability to convert the trawl survey catches to estimates of absolute
biomass. This method is now considered obsolete and the estimates of absolute biomass have not been
included.

4.1.2 Biomass estimates
There is no trawl survey series for BAR 1 off the east coast of the North Island. The trawl survey
information discussed below is for the east coast of the South Island.

The ECSI winter surveys from 1991 to 1996 in 30-400 m were replaced by summer trawl surveys
(1996-97 to 2000-01) which also included the 10-30 m depth range, but these were discontinued after
the fifth in the annual time series because of the extreme fluctuations in catchability between surveys
(Francis et al 2001). The winter surveys were reinstated in 2007 and this time included additional 10—
30 m strata in an attempt to index elephant fish and red gurnard which were added to the list of target
species. Only the 2007, 2012, 2014 and 2016 surveys provide full coverage of the 10-30 m depth range.

The 2014 barracouta biomass estimate was the highest recorded in the east coast South Island winter
trawl survey time series core strata (30-400 m). Biomass in the east coast South Island winter trawl
survey time series core strata (30—-400 m) steadily increased until 2014 when it was more than four-fold
larger than the average biomass of the early 1990s, before a 57% decline in 2016 (Table 6, Figure 2).
The additional biomass captured in the 10-30 m depth has ranged from 1 to 15% of the biomass in the
core plus shallow strata (10-400 m), and in 2016 it accounted for 14%,indicating that shallow strata
should continue to be monitored for this species.

A comparison of the pre-recruit and recruited biomass (where recruited fish are over 60 cm long) for
the ECSI winter survey, based on the core strata, is shown in Figure 3. During the 1991-93 surveys, the
pre-recruit and recruited estimates were similar, but in 1994 and 1996, most of the total biomass was
from the recruited fish. For the renewed series, from 2007, the main increase has come from the
recruited fish, with significantly higher biomass for recruited fish compared with pre-recruits in the
2009 and 2012 surveys. The 2014 survey indicated an increase in the pre-recruit biomass, although the
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uncertainty around this estimate is high, and in 2016 both recruited and pre-recruited biomass declined
substantially.
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Figure 2: Barracouta total biomass and 95% confidence intervals for the all ECSI winter surveys in core strata (30—
400 m), and core plus shallow strata (10-400 m) in 2007, 2012, 2014, and 2016.
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Figure 3: Barracouta pre-recruit and recruited biomass estimates and associated confidence intervals from the ECSI
winter trawl survey core strata (30-400 m). Recruited fish were defined as fish over 60 cm fork length.

4.1.3 Length frequency distributions

The length distributions from the east coast South Island winter trawl survey show at least three clear
pre-recruit modes at about 20 cm, 35 cm, and 50 cm (combined males, females, and unsexed) consistent
with ages of 0+, 1+, and 2+ (Figure 4). Length frequency distributions are consistent among the surveys,
showing the presence of the pre-recruited cohorts, with indications that these could be tracked through
time (modal progression) (Beentjes et al 2015, 2016). The addition of the 10-30 m depth range does
not change the shape of the length distributions (not shown in Figure 4).
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Table 6: Relative biomass indices (t) and coefficients of variation (CV) for barracouta for east coast South Island
(ECSI) - winter, east coast North Island (ECNI), west coast South Island (WCSI) and Southland survey areas.
Biomass estimates for ECSI in 1991 have been adjusted to allow for non-sampled strata (7 & 9 equivalent to
current strata 13, 16 and 17). —, not measured; NA, not applicable.

. - - Total Biomass . Total
Region Fishstock Year Trip number - CV (%) Biomass CV (%)
estimate -
estimate
ECSI (winter) BAR 1 30-400 m 10-400 m
1991 KAH9105 8361 29 - -
1992 KAH9205 11672 23 - -
1993 KAH9306 18 197 22 - -
1994 KAH9406 6 965 34 - -
1996 KAH9608 16 848 19 - -
2007 KAH0705 21132 17 24939 19
2008 KAH0806 25544 16 - -
2009 KAH0905 33360 16 - -
2012 KAH1207 34 325 17 36 526 16
2014 KAH1402 46 563 19 46 903 19
2016 KAH1605 19 708 27 23007 24
2018 KAH1803 29917 23 31723 22
ECNI BAR 1 1993 KAH9304 2673 15 - -
1994 KAH9402 8433 33 - -
1995 KAH9502 2103 29 - -
1996 KAH9602 2495 23 - -
WCSI BAR 7 1992 KAH9203 2478 14 - -
1994 KAH9404 5298 16 - -
1995 KAH9504 4480 13 - -
1997 KAH9701 2993 19 - -
2000 KAH0004 1787 11 - -
2003 KAH0304 4485 20 - -
2005 KAH0503 2763 13 - -
2013 KAH1305 3423 16 - -
Southland BAR 5 1993 TAN9301 11 587 18 - -
1994 TAN9402 6151 20 - -
1995 TAN9502 4539 17 - -
1996 TAN9604 7693 19 - -

4.1.4 CPUE indices

Two sets of standardised CPUE indices were derived for BAR 1: one for the northern waters off the
east coast of the North Island (ECNI) and one for the east coast South Island, ECSI (Baird 2016). Each
set had three CPUE series defined by form type: a merged CELR/TCER day-level model for 1989-
90 to 2013-14; a TCER tow-level model for 2007-08 to 2013-14; and a TCEPR tow-level model for
1989-90 to 2013-14. All ECNI series were rejected by the Working Group because of shifts in
targeting through time, high inter-annual variability, and unacceptably low levels of data. Thus, the
following sections on CPUE pertain to the ECSI waters only.

Three standardised CPUE series for the east coast South Island part of BAR 1 were prepared, as outlined
above, using data from 1989-90 to 2013-14, with each series based on the catch of barracouta in
bottom trawl fisheries defined by different target species, including barracouta (Baird 2016). Two
CPUE series were rejected by the SINS Working Group: the CPUE index based on the TCEPR data
(targeting barracouta, red cod, and arrow squid), primarily because of inter-annual inconsistencies in
the underlying catch and effort data; and the short TCER series with only seven years of data.
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Figure 4: Scaled length frequency distributions for barracouta in core strata (30-400 m) for the ECSI
winter surveys.. n, number of fish measured; no., core strata population estimates; c.v., coefficient
of variation.
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Figure 5 : East coast South Island part of BAR 1 CPUE indices from the standardised lognormal, binomial, and the
combined (delta lognormal) models, based on the merged day-level CELR, TCER, and small vessel (<28m)
TCEPR data for 1989-90 to 2016-17.

The SINS Working Group accepted the combined index (delta lognormal model) series based on the
1989-90 to 2013-14 daily data from CELR and TCER forms (bottom trawls targeting barracouta, red
cod, and tarakihi) as an index of abundance for BAR 1. This series has been updated to include data
up to 2017 and combines the daily data from CELR, TCER, and TCEPR forms from vessels <28m
(Figure 5). After a peak period during 1996-97 and 1997-98, there was a period of relatively lower
CPUE from 1998-99 to 2008-09, followed by an increase up to 2012-13, to a level similar to the
earlier peak. In the following two years, the indices dropped to about the series mean. Subsequently,
there was an increase and in 2016-17 the index was similar to that seen in 2013-14. The TCER tow-
level CPUE series, for which additional explanatory variables were incorporated into the model, was
similar to the CELR/TCER/TCEPR day-level series for the overlapping period (2007-08 to 2016-
17). Figure 6 provides a comparison of the ECSI indices with the ECSI winter trawl survey indices.
The increase in abundance measured by the trawl survey for 2007 onwards follows a similar trajectory
to that for the ECSI CELR/TCER/TCEPR indices.
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Figure 6: Comparison of the BAR 1 ECSI delta-lognormal CPUE series for 1990-2017 and the recruited
biomass (and associated variance) from the ECSI winter trawl survey series. The recruited biomass
is based on fish over 60 cm fork length. Each series has been standardised to the mean for
concurrent years.
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Future research considerations

Review of the ECSI trawl survey for monitoring abundance of barracouta off the east coast of the South
Island. This review should included an investigation of the timing of the survey in relation to a possible
seasonal northward migration of barracouta off the east coast of the South Island.

4.2 BAR 5 Southland, Sub-Antarctic

4.2.1 CPUE indices

Marsh & McGregor (2017) used unmerged (tow level) data to fit CPUE indices for barracouta to various
target fisheries in the BAR 5 region. The WG agreed that the CPUE from the SQU target fshery in
Statistical Area 028 was the best series of abundance indices for BAR 5. An alternative CPUE index
based on the target BAR and WAR tows was suggested as a sensitivity run. Both series show high catch
rates since 2007. The base case CPUE declines from 1990 to 1995, then increases and decreases again
until 2007 but after 2007 the index increases and remains high through to 2015 (Figure 7). The
alternative series increases fom 1995 to 2007 and then oscillates at high catch rates through to 2015
(Figure 8). The current stock status is unknown, due to the lack of a quantitive assessment for this stock.
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Figure 7 : Base case BAR 5 CPUE Model: CPUE indices for barracouta from SQU target tows in Statistical Area 028
(1990-2015).
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Figure 8 : Alternative BAR 5 CPUE Model: CPUE indices for barracouta from BAR and WAR target tows (1990-
2015).
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4.3 BAR 7 Challenger, Central (W) Auckland (W)

4.3.1 CPUE indices

McGregor (2013) looked at the separate fisheries on the WCNI and WCSI. The three CPUE options for
the WCNI all gave similar patterns to the inshore Kaharoa WCSI trawl survey. The WG considered
that the tow level CPUE was the best data to use to monitor this stock. The CPUE shows an increasing
trend from 2000 to 2004 and is then generally flat (Figure 9).
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Figure 9: West Coast CPUE for Models 2b (tow level), 3 (JMA target) and 4 (no target) and Trawl Survey abundance
index for calendar years 1990-2010. Model 3 (JMA target) is actually based on fishing years, months Nov-May,
whereas the other models here are calendar year, Jun-Nov. Trawl survey is based on fishing year.

The WCSI data series shows a similar increase from 2000 and is then generally flat, for the tow level
CPUE based on all target from June to October (Figure 10).
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Figure 10: West Coast South Island current and previous CPUE, West Coast North Island CPUE and trawl survey
abundance index for calendar years 1990-2010. Trawl survey is based on fishing year.

4.4 Yield estimates and projections
No estimates of biomass are available for any of the barracouta stocks.

4.5 Other factors
Barracouta are part of the shelf (30-300 m) mixed fishery and are usually the dominant species in these
depths around the South Island (except perhaps in good red cod years in the Canterbury Bight). Any
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increase or decrease in barracouta quotas will have overflow effects onto bycatch species. The
economics of targeting on barracouta is probably affected by its availability relative to other more
preferred species and this will, in turn, affect fishing patterns.

An analysis of trends in biomass of the Southland fishery suggests that recruitment may have been
relatively low in the years after 1989 and that biomass may have declined between surveys by the
Shinkai Maru (1981 and 1986) and the Tangaroa (annually 1993 to 1996). The scale of decline appeared
to be greater than could be explained by different catching efficiencies of the two vessels.

5. STATUS OF THE STOCKS

e BAR1
The current uinderstanding of the BAR 1 stock is that adult barracouta undertake an annual northward
migration from the east coast of the South Island to spawn off the east coast of the North Island during
July/August-September (see Hurst et al 2012). For the purposes of this analysis barracouta in BAR 1
are assumed to comprise a single stock.

Stock Status

Year of Most Recent Assessment 2018

Assessment Runs Presented BAR 1 ECSI CELR/TCER/small vessel TCEPR day-level
series (target species BAR, RCO, TAR)

Reference Points Interim Target: Bwmsv-compatible proxy based on CPUE
(average from 1989-90 to 2013-14 of the BAR 1 ECSI
CELR/TCER/TCEPR model as defined by Baird (2018))
Soft Limit: 50% of target
Hard Limit: 25% of target
Overfishing threshold: Fusy (assumed)

Status in relation to Target Likely (> 60% ) to be at or above the target

Status in relation to Limits Soft Limit: Very Unlikely (< 10%) to be below
Hard Limit: Very Unlikely (< 10%) to be below

Status in relation to Overfishing Overfishing is Unlikely (< 40%) to be occurring

Historical Stock Status Trajectory and Current Status
CPUE, Catch and TACC Trajectories
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Comparison of the ECSI CPUE series with the trajectories of catch (BAR 1 (QMR/MHR)) and TACCs from 1989-90
to 2016-17. Compare with the trawl survey trajectory shown in Figure 6.
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Annual relative exploitation rate (catch/CPUE) for barracouta ECSI. The dotted line represents mean relative

exploitation rate for the reference period.

Fishery and Stock Trends

Recent trend in Biomass or Proxy

The BAR 1 CPUE series increased steeply from 2002-03 to
a peak in 2012-13, dropped to the series mean in 2014-15,
then increased.

Recent trend in Fishing
Mortality or Proxy

Relative exploitation rate has declined gradually since 2005,
and has been below the series mean (target) since 2012.

Other Abundance Indices

The winter ECSI trawl survey series for recruited fish has a
trend that is similar to the BAR 1 CPUE index, with a peak in
2014 and a subsequent drop in 2016

Trends in Other Relevant
Indicator or Variables

Recent landings (2008-09 to 2013-14) are at a similar level to
those recorded during 1994-95 to 1999-2000.

Projections and Prognosis

Stock Projections or Prognosis

Low pre-recruit biomass from the 2016 ECSI trawl survey
suggests biomass may decline

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

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

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

Unknown

Assessment Methodology and Evaluation

Assessment Type

Level 2 - Partial Quantitative Stock Assessment

Assessment Method

Standardised CPUE series

Assessment Dates

Latest assessment: 2016 | Next assessment: 2019

Overall assessment quality
rank

1 - High Quality
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- Catch and effort data 1 — High Quality
. . - Trawl survey biomass 1 - High Quality (used as
Main data inputs (rank) indices and associated supporting information)
length frequencies
- TCEPR CPUE Series 3 — Low Quality: few
Data not used (rank) (ECSI) vessels and highly

variable CPUE
- Standardised CPUE series 3 - Low Quality:

(ECNI) insufficient data and high
interannual variability
3 — Low Quality:
- Summer ECSI trawl variable catchability
survey data between years

Changes to Model Structure and
Assumptions

Major Sources of Uncertainty -

Qualifying Comments

Fishery Interactions

Barracouta in the ECSI part of BAR 1 are taken as bycatch by inshore bottom trawl fisheries targeting,
amongst others, red cod and tarakihi, and red cod and arrow squid by deepwater vessels. ECSI bycatch
also comes from midwater effort targeting jack mackerels. In the ECNI part of BAR 1, most barracouta
bycatch is from tarakihi and red gurnard effort; currently, there is little targeting of barracouta in this
area. The trawl fishery in the ECSI area is subject to management measures designed to reduce
interactions with endemic Hector’s dolphins and seabirds. There is also a risk of incidental capture of
sea lions from Otago Peninsula south.

e BARS

CPUE analyses were completed for the main fisheries in BAR 5. The relationship between these
southern fisheries and the WCSI is uncertain.

Stock Status

Year of Most Recent Assessment 2017

Assessment Runs Presented Standardised CPUE Sub-Antarctic (tow level)
Target: 40% By
Reference Points Soft Limit: 20% By

Hard Limit: 10% Bo
Overfishing threshold: Fageso

Status in relation to Target Unknown

- - 5
Status in relation to Limits :3"21?11&5'5 Very Unlikely (< 10%) to be below both the soft and hard
Status in relation to Overfishing Unknown
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Historical Stock Status Trajectory and Current Status

3.0 —=— Standardised CPUE
— — Unstandardised geometric CPUE
Unstandardised arithmetic CPUE

R-squared = 0.27

CPUE

0.0

1990 1995 2000 2005 2010 2015
Fishing year

BAR 5 CPUE Model: CPUE indices for barracouta from SQU target tows in statistical area 028 (1990-2015).

Fishery and Stock Trends

Recent Trend in Biomass or Proxy | -

Recent Trend in Fishing Intensity
or Proxy

CPUE has remained at a high level since 2008 despite catches at

Other Abundance Indices or above the TACC.

Trends in Other Relevant Indicators
or Variables

Projections and Prognosis

Stock Projections or Prognosis -

Pr_obablllty of Cu_rrent Catch or TA(_:C causing | ¢ o | imit: Very Unlikely (< 10%)
Biomass to remain below or to decline below A . 0
Limits Hard Limit: Very Unlikely (< 10%)

Probability of Current Catch or TACC causing

Overfishing to continue or to commence Unknown

Assessment Methodology and Evaluation

Assessment Type Level 2 - Partial Quantitative Stock Assessment.
Assessment Method Standardised CPUE

Assessment Dates Latest assessment: 2016 | Next assessment: 2019
Overall assessment quality rank 1 — High Quality

Main data inputs (rank) - Commercial CPUE 1 — High Quality

Data not used (rank) N/A

Changes to Model Structure and
Assumptions

Major sources of Uncertainty

Qualifying Comments

None
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Fishery Interactions

fisheries.

Barracouta are taken as a target species in BAR 5 and also as by-catch in the squid and warehou target

e BARY

CPUE analyses were completed for the main fisheries in BAR 7. The relationship between the WCSI

and the fisheries in BAR 5 is uncertain.

Stock Status

Year of Most Recent Assessment

2016

Assessment Runs Presented

Standardised CPUE (tow level)

Reference Points

Target: 40% Bo

Soft Limit: 20% By

Hard Limit: 10% By
Overfishing threshold: Faoeso

Status in relation to Target Unknown

- - 3
Status in relation to Limits ﬁﬁ;ﬁsls Very Unlikely (< 10%) to be below both the soft and hard
Status in relation to Overfishing Unknown

3.0

Historical Stock Status Trajectory and Current Status

25 4
Previous WCSI
Current WCSI

2.0
===+ Trawl survey

Index
3
|

.....

0.5

0.0 :

Current West Coast

1990 1995

2000 2010

Calendar year

West Coast South Island CPUE, West Coast North Island CPUE and trawl survey abundance index for calendar years
1990-2010. Trawl survey is based on fishing year.

Fishery and Stock Trends

Recent Trend in Biomass or Proxy

Recent Trend in Fishing Intensity or
Proxy

Other Abundance Indices

CPUE has been increasing since 2000.

Trends in Other Relevant Indicators or
Variables

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: Very Unlikely (< 10%)
Hard Limit: Very Unlikely (< 10%)
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Probability of Current Catch or TACC
causing Overfishing to continue or to Unknown
commence

Assessment Methodology and Evaluation

Assessment Type Level 2 - Partial Quantitative Stock Assessment.
Assessment Method Standardised CPUE

Assessment Dates Latest assessment: 2016 | Next assessment: 2019
Overall assessment quality rank 1 - High Quality

Main data inputs (rank) - Commercial CPUE 1 - High Quality

Data not used (rank) N/A

Changes to Model Structure and

Assumptions i

Major sources of Uncertainty

Qualifying Comments

Fishery Interactions

Barracouta in BAR 7 are taken as a target on the WCSI and as bycatch in the WCNI jack mackerel and
WCSI hoki fisheries.
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BLACK CARDINALFISH (CDL)

(Epigonus telescopus)
Akiwa

1. FISHERY SUMMARY

Black cardinalfish was introduced into the QMS on 1 October 1998 and quotas were set for QMAs 2—
8. Quotas for QMAs 1 and 9 were subsequently set for 1999-00. TACCs were increased from 1 October
2006 in CDL 4 to 66 t and in CDL 5 to 22 t. In these stocks landings were above the TACC for a number
of years and the TACCs were increased to the average of the previous eight years plus an additional
10%. From 1 October 2009 the TACC was reduced in CDL 2 to 1620 t, then reduced to 1020 t in 2010—
11, and further reduced to 440 t in 2011-12. CDL 1 and CDL 2 have other mortality allocations of 120
t and 20 t respectively. (Table 1).

Table 1: TAC:s (t), TACCs (t) and allowances (t) for black cardinal fish.

Fishstock Recreational Allowance Customary non-commercial Other sources of TACC TAC
Allowance mortality
CDL 1 0 0 120 1200 1320
CDL 2 0 0 20 440 460
CDL 3 0 0 196 196
CDL 4 0 0 - 66 66
CDL 5 0 - 79 22 22
CDL 6 0 0 - 1 1
CDL 7 0 0 39 39
CDL 8 0 0 0 0
CDL 9 0 0 4 4
CDL 10 0 0 0 0
Total 0 0 219 1968 2108
1.1 Commercial fisheries

Several species of Epigonus are widely distributed in New Zealand waters, but only black cardinalfish
(E. telescopus) reaches a marketable size and is found in commercial concentrations. It occurs
throughout the New Zealand EEZ at depths of 300—1100 m, mostly in very mobile schools up to 150 m
off the bottom over hills and rough ground. Black cardinalfish have been caught since 1981 by research
and commercial vessels, initially as a bycatch of target trawling for other high value species. The
preferred depth range of schools (600-900 m) overlaps the upper end of the depth range of orange
roughy and the lower end of alfonsino and bluenose. The exploitation of these species from 1986
resulted in the development of the major cardinalfish fishery in QMA 2.
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It is primarily sold domestically due to the short freezer life of fillets. The species has a section of dark
flesh under the lateral line that has caused problems with overseas marketing. The fillets can be tainted
if this flesh is not removed quickly.

Landings for 1998-99 to 2008—09 are from QMR totals following introduction of the species into the
QMS for 1998-99. For the 1982—83 to 198586 fishing years, the best estimate of landings was the sum
of the FSU Inshore and FSU Deepwater (i.e., FSU Total) catch returns. For 198687 to 1988—89 the
best estimate was taken as the greater value of either the FSU Total or the LFRR. From the 1989-90
fishing year, the best estimate was taken as the higher of either the LFRR or the sum of the CLR and
CELR Landed data.

The best estimate of total landings was split between the nine QMAs and ET (outside the EEZ) based
on FSU and QMS data (Table 2). For FSU data (1982—-83 to 198788 fishing years), catch where area
was unknown was pro-rated to QMAs according to the catch level where area was reported. For QMS
data (1988—89 to 1994-95 fishing years), catch by area in CELR Landed and CLR reports were scaled
to equal the best estimate of the total catch. Commercial landings of black cardinalfish have been made
in QMAs 1-9 and outside the EEZ (ET).

In most years since 1982 more than 65% of black cardinalfish landings were from the east coast of the
North Island (QMA 2). The large increase in landings from this area in 1986—87 was associated with
the development of the orange roughy fishery around the Ritchie Banks and Tuaheni High, and an
increase in targeted fishing to establish a catch history when it was anticipated to become a quota
species. Landings from the Bay of Plenty (QMA 1) have fluctuated since 1988. The relatively large
landings in 1990-91 were a combination of bycatch of the orange roughy fishery and target fishing for
black cardinalfish. Between 1991-92 and 2005-06 occasional large catches were taken from outside
the EEZ on the northern Challenger Plateau and the Lord Howe Rise.

Figure 1 shows the historical landings and TACC values for the main CDL stocks.

1.2 Recreational fisheries
Recreational fishing for black cardinalfish is negligible.

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

14 Illegal catch
No information is available about illegal catch.

Table 2: Reported landings (t) of black cardinalfish by QMA and fishing year (1 October to 30 September) from 1982—
83 to 2016-17. The data in this table has been updated from that published in the 1998 Plenary Report by
using the data through 1996-97 in table 32 on p. 262 of the “Review of Sustainability Measures and Other
Management Controls for the 1998-99 Fishing Year - Final Advice Paper” dated 6 August 1998. Data for
1997-98 based on catch and effort returns, since 1998-99 on QMR records. [Continued next page]

OMA 1 OMA 2 OMA 3 QMA 4 OQMA 5§ QMA 6
Year Catch TACC Catch TACC Catch TACC Catc TACC Catch TACC Catch TACC
1982-83 - - 76 - <1 - <1 - - - - -
1983-84 - - 212 - 7 - <1 - - -
1984-85 <1 - 189 - 341 - <1 - - -
1985-86 <1 - 238 - 50 - 3 - 2 -
1986-87 1 - 1738 - 72 - 2 - <1 <1
1987-88 3 - 1556 - 28 - 1 - 3 -
1988-89 305 - 1434 - 57 - 4 - - -
1989-90 613 - 1718 - 20 - 18 - - -
1990-91 233 - 3473 - 598 - 1 - 4 -
1991-92 7 - 1652 - 146 - 3 - <1 2
1992-93 23 - 1550 - 519 - 2 - <1 -
1993-94 364 - 2310 - 277 - 10 - 5 -
1994-95 1162 - 2207 - 51 - 7 - 1 <1
1995-96 1418 - 2621 - 57 - 4 - 10 -
1996-97 2001 - 1910 - 100 - 7 - - -
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Table 2: [Continued]

OMA 1 OMA 2 OMA 3
Year Catch TACC Catch TACC Catch TACC
1997-98 995 - 1176 - 40 -
1998-99 24 1200 1268 2223 181 196
1999-00 980 1200 2158 2223 215 196
2000-01 294 1200 1135 2223 99 196
2001-02 455 1200 1693 2223 146 196
2002-03 583 1200 1 845 2223 172 196
2003-04 481 1200 966 2223 96 196
2004-05 267 1200 1102 2223 43 196
2005-06 643 1200 2153 2223 50 196
200607 415 1200 1692 2223 66 196
2007-08 202 1200 861 2223 7 196
2008-09 197 1200 1135 2223 52 196
2009-10 49 1200 1 046 1620 45 196
2010-11 84 1200 736 1020 17 196
2011-12 148 1200 376 440 79 196
2012-13 35 1200 470 440 40 196
2013-14 160 1200 282 440 68 196
2014-15 21 1200 408 440 209 196
2015-16 35 1200 299 440 136 196
2016-17 12 1200 369 440 101 196
2017-18 2 1200 236 440 131 196

OMA 7 OMA 8 QMA 9
Year Catch TACC Catch TACC Catch TACC
1982-83 <1 - - - - -
1983-84 <1 - - - - -
1984-85 1 - - - - -
1985-86 <1 - - - 45 -
1986-87 <1 - - - - -
1987-88 2 - <1 - <1 -
1988-89 2 - - - - -
1989-90 15 - - - - -
1990-91 1 - <1 - - -
1991-92 11 - - - - -
1992-93 2 - - - - -
1993-94 6 - - - - -
1994-95 51 - - - <1 -
1995-96 26 - - - - -
1996-97 27 - - - -
1997-98 76 - - - 108 -
1998-99 16 39 <1 0 <1 4
1999-00 27 39 0 0 <1 4
2000-01 2 39 0 0 3 4
2001-02 3 39 0 0 5 4
2002-03 27 39 0 0 5 4
2003-04 2 39 0 0 6 4
2004-05 2 39 0 0 1 4
2005-06 1 39 0 0 2 4
200607 1 39 0 0 1 4
2007-08 2 39 <1 0 19 4
2008-09 1 39 0 0 2 4
2009-10 <1 39 0 0 5 4
2010-11 <1 39 0 0 1 4
2011-12 <1 39 0 0 <1 4
2012-13 2 39 0 0 4 4
2013-14 1 39 0 0 <1 4
2014-15 5 39 0 0 1 4
2015-16 3 39 0 0 2 4
2016-17 5 39 0 0 1 4
2017-18 11 39 0 0 1 4

BLACK CARDINALFISH (CDL)

OMA 4 QOMA 5 OMA 6
Catc TACC Catch TACC Catch TACC
351 - - - - -
41 5 - 2 <1 1
36 5 <1 2 <1 1
35 5 74 2 <1 1
29 5 18 2 <1 1
80 5 9 2 <1 1
148 5 27 2 <1 1
49 5 15 2 <1 1
53 5 <1 2 <1 1
31 66 10 22 <1 1
23 66 20 22 <1 1
58 66 11 22 <1 1
15 66 3 22 <1 1
19 66 5 22 <1 1
44 66 93 22 <1 1
10 66 14 22 1 1
11 66 19 22 <1 1
18 66 4 22 <1 1
30 66 15 22 1 1
22 66 87 22 2 1
13 66 6 22 1 1

Total (EEZ) ET Total

Catch TACC Catch Catch

78 - - 78

220 - - 220

532 - - 532

292 - - 292

1814 - - 1814

1638 - - 1638

1798 - 2 1 800

2 385 - <1 2 385

4311 - - 4311

1821 - 17 1838

2 096 - 270 2 366

2972 - 829 3801

3479 - 231 3710

4150 - 340 4490

4045 - 522 4567

2338 - 405 2743

1531 3670 390 1921

3415 3670 962 4377

1642 3670 571 2213

2349 3670 490 2 839

2721 3670 275 2996

1727 3670 58 1785

1479 3670 204 1683

2901 3670 44 2 945

2216 3751 2 2218

1134 3751 1 1135

1456 3751 17 1474

1163 3148 - -

863 2548 - -

742 1968 - -

576 1968 - -

542 1968 - -

665 1968 - -

522 1968 - -

599 1968 - -

401 1968 - -
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Figure 1: Reported commercial landings and TACC for the two main CDL stocks. CDL 1 (Auckland East) and CDL 2
(Central East).

1.5 Other sources of mortality

There has been a history of catch overruns (unreported catch) from loss of fish through burst nets, and the
discarding at sea of this species while target fishing for higher value species. In the assessment presented
here, the total removals were assumed to exceed reported catches by the overrun percentages in Table 3
(Dunn 2009). All yield estimates make an allowance for the current estimated level of overrun of 10%.

Table 3: Catch overruns (%) for CDL 2 by year.

Year Over-run Year Over-run
1982-83 100 1991-92 30
1983-84 100 1992-93 30
1984-85 100 1993-94 30
1985-86 100 1994-95 20
1986-87 50 1995-96 20
1987-88 50 1996-97 20
1988-89 50 1997-98 20
1989-90 50 1998-99 and 10
1990-01 50 subsequently -

2. BIOLOGY

The average size of black cardinalfish landed by the commercial fishery is about 50-60 cm fork length
(FL). Length frequency distributions from research surveys are unimodal with a peak at 55-65 cm FL.
They reach a maximum length of about 75 cm FL. Otolith readings from 722 fish from QMA 2 have
been validated using radiometric and bomb radiocarbon methods, and indicated that this species is
relatively slow-growing and long lived (Andrews & Tracey 2007, Neil et al 2008). Maximum ages of
over 100 years were reported, with the bulk of the commercial catch being between 35 and 55 years of
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age. The validation indicated that fish aged over 60 years tended to be under-aged, by up to 30%. This
bias would be likely to have little impact on the estimated growth parameters, but would influence the
estimate of natural mortality (M). Life history parameters are given below in Table 4.

Table 4: Life history parameters for black cardinalfish. All estimates are for CDL 2, except the length-weight
parameters which are for CDL 2—4.

Fishstock Estimate Source
1. Natural mortality (M) 0.034* (Tracey et al 2000)
Age at recruitment (A;) unknown
Gradual recruitment (Ap) unknown
Age at full recruitment 45 (Tracey et al 2000)
Age at maturity (As) 35 (Field & Clark 2001)
Gradual maturity (Sp) 13 (Field & Clark 2001)
2. Weight = a(length)" (weight in g, fork length in cm).
Both sexes
a b
0.113 2.528 Dunn (2009)
3. Von Bertalanffy growth parameters (Tracey et al 2000)
Both sexes Female Male
Lo k to Lo k to Lo K to
70.8 0.034 -6.32 70.9 0.038 -4.62 67.8 0.034 -8.39
* Because of uncertainties in ageing and M, the Deepwater Fisheries Assessment Working Group used a range of M’s in

the assessments.

The reproductive biology of black cardinalfish is not well known (Dunn 2009). Indications from
research survey and Observer Programme data are that spawning may occur between November and
July. Spawning locations have been identified in CDL 1, CDL 2, CDL 7, CDL 9, and outside the EEZ on
the northern Challenger Plateau, Lord Howe Rise, and West Norfolk Ridge. A probit analysis of maturity
at length indicated that fish became sexually mature at around 50 cm length, at an age of approximately
35 years (Field & Clark 2001). Maturity was also inferred to be between ages 26 and 44 years (mean
33 years) from changes in §'°C in otoliths (Neil et al 2008).

Juveniles are thought to be mesopelagic until they reach a length of about 12 cm (5 years of age), after
which they become primarily demersal (Neil et al 2008). Larger juveniles have been caught in bottom
trawls at depths of 400—700 m, extending into deeper water as they grow, with adult fish caught
primarily at 800—1000 m (Dunn 2009). Prey items from research trawl samples include mesopelagic
fish, natant decapod prawns and octopus.

Elevated levels of mercury (Hg) have been recorded in a sample of black cardinalfish from the Bay of
Plenty (Tracey 1993).

3. STOCKS AND AREAS

The stock boundaries and number of black cardinalfish stocks in New Zealand are unknown. There are
no data on genetics, or known movements of black cardinalfish which indicate possible stock
boundaries.

There is evidence that spawning occurs in CDL 1, CDL 2, CDL 7 and CDL 9 and outside the EEZ (e.g.,
North Challenger, Lord Howe and West Norfolk Ridge). In CDL 2, three geographically close spawning
locations have been identified: Tuaheni High, Ritchie Bank, and Rockgarden (Dunn 2009). Juveniles of
less than 30 cm have been infrequently identified in CDL 2, and more frequently found on the northern
flanks of the Chatham Rise, which is south of the spawning grounds in CDL 2. No spawning grounds
have been identified on the Chatham Rise, where adult fish are relatively rare.
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4. ENVIRONMENTAL AND ECOSYSTEM CONSIDERATIONS

This section was updated for the 2018 Fishery Assessment Plenary. A more detailed summary from
an issue-by-issue perspective is available in the 2017 Aquatic Environment & Biodiversity Annual
Review (MPI 2017, https://www.mpi.govt.nz/dmsdocument/27471-aquatic-environment-and-biodiversity-
annual-review-aebar-2017-a-summary-of-environmental-interactions-between-the-seafood-sector-and-the-
aquatic-environment).

4.1 Role in the ecosystem

Black cardinalfish is a part of the mid slope demersal fish assemblage identified by Francis et al (2002).
It is widely distributed with a range centred on a depth of about 750 m and latitude about 39.4° S (i.e.,
central and northern New Zealand). It occupies depths intermediate between the shallower southern
community dominated by hoki (about 620 m, 49.5° S) and the deeper southern black oreo (about 930 m,
45.5° S) and smooth oreo (about 1090 m, 44.6° S), and the deeper centrally-located orange roughy
(about 1090 m, 41.2° S) (Francis et al 2002). The role in the ecosystem is not well understood; and nor
are the effects on the ecosystem of removing about an average of 2300 t of black cardinalfish per year
between 198687 and 2010-11 from the New Zealand EEZ, mostly from the east coast of the North
Island.

4.1.1 Trophic interactions

No detailed feeding studies for black cardinalfish have been documented for New Zealand waters. Prey
items observed during research surveys in New Zealand waters include mesopelagic fish, particularly
lighthouse fish (Phosichthys argenteus), natant decapod prawns, and cephalopods (Tracey 1993).
Predators of black cardinalfish are not documented but predation is expected to vary with fish
development.

4.1.2 Ecosystem Indicators

Tuck et al (2009) 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 cardinalfish 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).

4.2 Bycatch (fish and invertebrates)

Incidental catch and discards have not been estimated for the black cardinalfish target fishery. Anderson
(2009, 2011) summarised the bycatch and discards from the target orange roughy and oreo trawl
fisheries from 1999-2000 to 2004—05 and 2005-06 to 2008—09 respectively. The bycatch of these
fisheries may be similar to that of the cardinalfish fishery, although both occur somewhat deeper than
cardinalfish and oreo fisheries are found further to the south.

4.3 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 onboard the vessel, Middleton & Abraham 2007).

4.3.1 Seabird interactions

Annual observed seabird capture rates ranged from 0 to 0.9 per 100 tows in orange roughy, oreo, and
cardinalfish trawl fisheries between 2002—03 and 2015-16 (Baird 2001, 2004 a, b, 2005, Abraham &
Thompson 2009, Abraham et al 2009, Abraham & Thompson 2011, Abraham et al 2016). Capture rates
have fluctuated without obvious trend at this low level (Table 5). In the 2015-16 fishing year there were
4 observed captures of seabirds and 2 observed captures of seabirds in 2016-17 in orange roughy, oreo,
and cardinalfish trawl fisheries at a rates of 0.3 and 0.2 (respectively) seabirds per 100 observed tows
(Table 5, Abraham et al 2016). The average capture rate in deepwater trawl fisheries (including orange
roughy, oreo and cardinalfish) for the period from 2002-03 to 2016—17 is about 0.29 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 5: Number of tows by fishing year and observed seabird captures in orange roughy, oreo, and cardinalfish trawl
fisheries, 2002—03 to 2016—17. 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)
and Abraham & Richard (2017, 2018) and available via https://data.dragonfly.co.nz/psc. Estimates from
2002-03 to 2016—17 are based on data version 2018v1.

2002-03
2003-04
2004-05
2005-06
200607
2007-08
2008-09
2009-10
2010-11
2011-12
201213
2013-14
2014-15
2015-16
2016-17

Fishing effort Observed captures Estimated captures
Tows No. obs % obs Captures Rate Mean 95% c.i.
8 864 1381 15.6 0 0.0 27 14-45
8001 1262 15.8 3 0.2 27 15-42
8359 1598 19.1 7 0.4 46 28-71
8277 1358 16.4 8 0.6 33 21-50
7355 2322 31.6 1 0.0 16 7-27
6729 2811 41.8 7 0.2 19 11-29
6128 2372 38.7 7 0.3 20 12-30
5991 2128 35.5 19 0.9 35 26-46
4175 1205 28.9 2 0.1 12 5-22
3652 922 25.2 2 0.2 10 5-18
3098 346 11.2 2 0.6 13 6-23
3603 434 12.0 2 0.5 14 6-24
3 806 977 25.7 0 0.0 12 5-22
4070 1421 349 4 0.3 12 6-20
3946 1226 31.1 2 0.2 11 5-18

Table 6: Number of observed seabird captures in orange roughy, oreo, and cardinalfish fisheries, 2002—03 to 201617,
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 et al 2017, 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 2017v1.

Species

Salvin's albatross
Southern Buller's albatross

Chatham Island albatross
New Zealand white-capped
albatross

Gibson's albatross
Antipodean albatross
Northern royal albatross
Southern royal albatross
Total albatrosses
Northern giant petrel
White-chinned petrel
Grey petrel

Sooty shearwater
Common diving petrel
White-faced storm petrels
Cape petrel

Short-tailed shearwater

Risk Category

High
High
High

High
High
Medium
Low
Negligible

Medium

Negligible
Negligible
Negligible
Negligible
Negligible

Petrels, prions and shearwaters -

Total other birds
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Salvin’s albatross was the most frequently captured albatross (50% of observed albatross captures) but
eight different species have been observed captured since 2002-03. Cape petrels were the most
frequently captured other taxon (36% of observed captures of taxa other than albatross, Table 6).
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.

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 7). The two species to which the
fishery poses the most risk are Chatham Island albatross and Salvin’s albatross, with this suite of
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fisheries posing 0.06 and 0.022 of Population Sustainability Threshold (PST) (Table 7). Chatham
albatross and Salvin’s albatross were assessed as at high risk (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).

Table 7: Risk ratio of seabirds predicted by the level two risk assessment for the cardinalfish and all fisheries included
in the level two risk assessment, 2006-07 to 2015-17, showing seabird species with a risk ratio of at least
0.001 of PST (from Richard et al 2017, 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
PST. The DOC  threat classifications are shown (Robertson et al 2017 at
http://www.doc.govt.nz/documents/science-and-technical/nztcs19entire.pdf).

PST Risk ratio

Species name (mean) DPW Risk Ratio TOTAL  Risk category DOC Threat Classification
Chatham Island albatross 425.2 0.0602 0.362 High At Risk: Naturally Uncommon
Salvin's albatross 3599.5 0.0223 0.78 High Threatened: Nationally Critical
Northern giant petrel 335.4 0.0052 0.138  Medium At Risk: Naturally Uncommon
Northern Buller's albatross 16274 0.0024 0.253  Medium At Risk: Naturally Uncommon
Black petrel 437.1 0.0024 1.153  Very high Threatened: Nationally Vulnerable
Antipodean albatross 364.3 0.002 0.203  Medium Threatened: Nationally Critical
Gibson's albatross 496.1 0.0016 0.337 High Threatened: Nationally Critical
Northern royal albatross 715.1 0.0013 0.043 Low At Risk: Naturally Uncommon
Flesh-footed shearwater 1452.8 7.00E-04 0.669 High Threatened: Nationally Vulnerable
Southern Buller's albatross 1368.4 6.00E-04 0.392 High At Risk: Naturally Uncommon
Grey petrel 5524.1 3.00E-04 0.037 Negligible At Risk: Naturally Uncommon
Common diving petrel 135 254.8 1.00E-04 0.002  Negligible At Risk: Relict
New Zealand white-faced storm
petrel 331778.5 1.00E-04 0  Negligible At Risk: Relict
New Zealand white-capped albatross 10 900.3 1.00E-04 0.353  High At Risk: Declining
Buller's shearwater 55991.9 0 0  Negligible At Risk: Naturally Uncommon
Westland petrel 350.1 0 0.476 High At Risk: Naturally Uncommon
Sooty shearwater 617 028.2 0 0.002  Negligible At Risk: Declining
Hutton's shearwater 15054.3 0 0.001  Negligible At Risk: Declining
Otago shag 284.0 0 0.144  Medium Threatened: Nationally Vulnerable
White-headed petrel 34314.8 0 0.001  Negligible Not Threatened

4.4 Benthic interactions

Cardinalfish, orange roughy, and oreos are taken using bottom trawls and collectively accounted for
about 14% of all tows reported on TCEPR forms to have been fished on or close to the bottom between
1989-90 and 200405 (Baird et al 2011). These tows were 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). 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. Rowden et al (2012) mapped the likely coral
distributions using predictive models, and concluded that fisheries that pose the most risk to protected
corals are these deepwater trawl fisheries.

Trawling for orange roughy, oreo, and cardinalfish, 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 2015.
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The NZ EEZ contains 17 Benthic Protection Areas (BPAs) that are closed to bottom trawl fishing and
include about 52% of all seamounts greater than 1500 m elevation and 88% of identified hydrothermal
vents.

4.5 Other considerations

4.5.1. Spawning disruption

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. (1997) 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 black
cardinalfish by fishing in New Zealand. Spawning of this species appears to occur between February
and July, peaking in April, and catches of black cardinalfish occur throughout the year (Dunn 2005).

4.5.2 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
cardinalfish from New Zealand. Genetic studies for stock discrimination are reported under “stocks and
areas”.

4.5.3 Habitat of particular significance to fisheries management

Habitat of particular significance for fisheries management (HPSFM) does not have a policy definition
(Ministry for Primary Industries 2012). O’Driscoll et al (2003) reported spawning black cardinalfish
mostly from around the North Island, but higher catch rates of juveniles on the northwest Chatham Rise
and Puysegur area (O’Driscoll et al 2003). In both cases, sample sizes were small so these distributions
should be treated with caution. It is not known if there are any direct linkages between the congregation
of cardinalfish around features and the corals found on those features. Bottom trawling for cardinalfish
has the potential to affect features of the habitat that could qualify as habitat of particular significance
to fisheries management.

S. STOCK ASSESSMENT

A stock assessment for CDL 2—4 was completed in 2009. No assessments have been made for stocks in
other areas. For the purposes of stock assessment, it has been assumed that black cardinalfish on the
east coast North Island (CDL 2) are from the same stock as fish on the north Chatham Rise (CDL 3 and
CDL 4).

5.1 Assessment inputs

The assessment inputs for CDL 2—4 were catches adjusted by overruns (Table 9), two CPUE indices
(Table 8), and length frequency and maturity at length samples (Dunn 2009). The CPUE indices were
derived from catch and effort data for fisheries focused on and around specific hill features in CDL 2
(Dunn & Bian 2009) with no overrun included. Whilst the CPUE indices accounted for a substantial
proportion of the total catch (65-77%), the spatial extent of the fisheries was small compared with the
overall area believed to be occupied by the stock. As a result, the indices may reflect local abundance,
but it is less certain that they reflect overall stock biomass. The CPUE was split into two indices, before
and after 1 October 1998, because of a change in reported fishing patterns in the late 1990s. This may
have been caused, at least in part, by the introduction of the black cardinalfish TACC. The growth
parameters used in the assessment are presented in Table 4. Length frequency samples were available
for eight years between 1989—90 and 2007-08 from at-sea and market sampling. Maturity was input as
the proportions mature at length from samples collected during research trawl surveys of the east coast
North Island in 2001 and 2003.
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Table 8: Standardised CPUE indices, and their calculated CVs, as used in the stock assessment.

Fishing year Index a CV (%) Index b CV (%)
1990-91 1.00 46 - -
1991-92 0.73 43 - -
1992-93 0.87 42 - -
1993-94 0.58 46 - -
1994-95 0.41 45 - -
1995-96 0.26 39 - -
1996-97 0.51 42 - -
1997-98 0.29 47 - -
1998-99 - - 1.00 37
1999-00 - - 0.57 32
2000-01 - - 0.39 36
2001-02 - - 0.50 35
2002-03 - - 0.30 33
2003-04 - - 0.26 38
2004-05 - - 0.23 35
2005-06 - - 0.34 34
2006-07 - - 0.27 35
2007-08 - - 0.17 37

Table 9: Estimated catches calculated by summing the CDL 2—4 catches from Table 2 (column 2), and increasing them
by the overrun values in Table 3 (column 3), with the combined TACC for CDL 2-4 (column 4).

Catch
Reported including
Year catch overruns TACC
1982-83 76 152 -
1983-84 219 438 -
1984-85 530 1 060 -
1985-86 291 582 -
1986-87 1812 2718 -
1987-88 1585 2378 -
1988-89 1495 2243 -
1989-90 1756 2634 -
1990-91 4072 6108 -
1991-92 1801 2341 -
1992-93 2071 2 692 -
1993-94 2597 3376 -
1994-95 2265 2718 -
1995-96 2 682 3218 -
1996-97 2017 2420 -
1997-98 1567 1880 -
1998-99 1490 1639 2424
1999-00 2 409 2 650 2424
200001 1269 1396 2424
2001-02 1 868 2055 2424
2002-03 2097 2307 2424
2003-04 1210 1331 2424
2004-05 1194 1313 2424
2005-06 2256 2482 2424
2006-07 1789 1968 2485
200708 891 980 2 485

5.2 Model structure and runs

Stock assessments were performed using the stock assessment program, CASAL (Bull et al 2002) to
estimate virgin and current biomass (Dunn 2009). Preliminary model runs were completed using all of
the observational data. The key assumptions of the final model runs were:

e The biomass information in the data is primarily contained in the CPUE indices. Therefore, a two-
step approach was used to produce the final model runs. In the final runs, selectivity and maturity
were fixed at estimates from the preliminary runs and the length frequency and maturity data were
not fitted. This ensured that any biomass signal from the length frequency data, potentially caused
by errors in estimated growth and selectivity, did not dominate the signal from the CPUE trends.

e For runs assuming an M of 0.027, the selectivity and maturity estimates were similar; therefore the
two were estimated separately in final runs.

o The base case with M set at 0.04 and vulnerability set equal to the MCMC median of maturity was
considered to be the most credible.
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e Runs where maturity and selectivity were estimated separately resulted in selectivity curves
displaced to the right of the maturity ogive for M = 0.04 and M = 0.06, resulting in a proportion of
the spawning stock not being available to the fishery (called “cryptic biomass”). The Deepwater
Fisheries Assessment Working Group considered that it was unlikely that there existed mature
biomass that was not vulnerable to the fishery, and agreed that the age of vulnerability should be
fixed to the age at maturity for the base case and for the case with M = 0.06. The WG agreed to
present a sensitivity model run using M = 0.04 and with separately estimated maturity and
selectivity to explore the implications of this scenario.

Four model runs are therefore presented, two with selectivity assumed to be the same as maturity and
M assumed to be either 0.06 or 0.04, and two with selectivity and maturity fitted as separate ogives and
M assumed to be 0.04 or 0.027 (Table 10).

Table 10: Four alternative assumptions to the stock assessment.

Model M Selectivity

Base 0.04  Equal to MCMC median maturity
Mat&sel 0.04  Estimated separately

MO0.027 0.027  Estimated separately

MO0.06 0.06  Equal to MCMC median maturity

The model was fitted using Bayesian estimation, and partitioned the population by age (age-groups used
were 1-90, with a plus group). The model assumed a single sex, with growth modelled using the von
Bertalanffy Growth formula. The stock was considered to reside in a single area, and have a single
maturation episode, with maturation modelled by a logistic ogive which was estimated in preliminary
model runs. Selectivity of the fishery was assumed to be equal to maturity, or modelled by a logistic
ogive estimated in preliminary model runs. 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. Deterministic recruitment 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. In preliminary model
runs, an additional process error was estimated and added to the length frequency distributions.
Binomial errors were assumed for the proportions mature at length. The final model runs estimated
virgin biomass, Bo, and two catchabilities. Confidence intervals were calculated from a posterior
distribution of the model parameters, which was estimated using a Markov Chain Monte Carlo
technique.

53 Biomass estimates

Biomass estimates depended on the assumed M, with the M0.027 run resulting in a larger and less
productive stock, and the M0.06 run in a smaller and more productive stock (Table 11, Figure 2). Estimates
of current biomass were lowest in the base case.

The mat&sel run estimated cryptic spawning stock biomass, where vulnerability to the fishery took place
after maturity, such that a median of 86% and 62% of the mature biomass was vulnerable to the fishery at
virgin and 2009 biomass levels, respectively. It is unclear whether cryptic biomass could occur for black
cardinalfish, and it is possible that this result is an artefact generated from the model assumptions. Cryptic
biomass was not estimated when maturity and selectivity were estimated separately and M was assumed
to be 0.027, and in sensitivity runs the level of cryptic biomass was found to increase as M increased. The
wide confidence intervals reflect the uncertainty in the model, which was fitted to only relative biomass
indices having relatively high CVs (Table 8).

Table 11: Biomass estimates (medians rounded to the nearest 100 t, with 95% confidence intervals in parentheses) for
the four model runs. Bcurrent is the mid-year biomass in 2009. p(B2oos < 0.1 Bo) is the probability of the mature
biomass in 2009 being less than 10% of the virgin mature biomass (Bo). p(B20oos < 0.2 Bo) is the probability of
the mature biomass in 2009 being less than 20% of the virgin mature biomass (Bo).

Run Bo (t) Beurrent (t) %Bo P(B200s < 0.1 Bo) P(B200s < 0.2 Bo)
Base 36800 (32 800-95 400) 4 400 (1 900-60 400)  11.9 (5.9-63.3) 0.41 0.70
Maté&sel 40 800 (35 60096 700) 7300 (3 50061 300) 17.8 (9.9-63.5) 0.13 0.56
M0.027 45100 (39 50093 500) 6 100 (2 00053 000) 13.6 (5.0-56.6) 0.32 0.69
M0.06 33800 (25 500-10 700) 8200 (2 400-82 800)  24.2 (9.6-74.9) 0.16 0.43
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Figure 2: Estimated biomass trajectories (solid line) and 95% confidence intervals (shaded area) for the model runs
(a) Base, (b) mat&sel, (¢) M0.027, (d) M0.06. The horizontal broken line indicates 20% Bo.

5.4 Sensitivity analyses

Several sensitivity analyses were conducted (reported in more detail in Dunn 2009). The assessment was
found to be relatively insensitive to the assumed catch over-runs. When over-runs were either assumed to
be zero, or were doubled for the period before 1998-99 (before the TACC was introduced), the mature
stock in 2009 was estimated to be slightly less depleted compared to the Base case, at 13.5% (5.9-67.0%)
Bo, and 12.2% (5.5-58.3%) By, respectively.

5.5 5-year projection results

Forward projections were carried out over a 5 year period using a range of constant catch options. A catch
level of 180 t is approximately the level associated with F = M, a catch of 890 t is approximately the
current (2007—08) catch and a catch of 2490 t is approximately the current (2007-08) TACC. In all
projections overrun of 10% was assumed for future catches. For each catch option, three measures of
fishery performance were calculated. The first one, %By, is the median biomass in 2009 as a percentage
of Bo. The second one, Pq 1, is the probability that the biomass at the end of the 5-year period is less than
10% Bo. The third, Po., is the probability that the biomass at the end of the 5-year period is less than 20%
Bo. At high future catches the biomass may be reduced to such a low level that the catch is unlikely to be
able to be taken (assumed to occur when the exploitation rate exceeds 0.9). This is indicated as P(no catch).

All projections indicate that the biomass would increase for all catch levels near or below the 2008—09
catch (890 t), and would continue to decline at catch levels of 1200 t in all runs except M = 0.06, where it
would remain about the same (Table 12). In all runs the biomass would decline at catch levels equal to the
current TACC (2490 t), and there was a 38—71% probability the biomass would decline to a level where
the catch could not be taken.
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Table 12: Results from forward projections to 2013 for the model runs. Po: is the probability of the mature biomass
in 2013 being less than 10% of the virgin mature biomass (Bo). Po. is the probability of the mature biomass
in 2013 being less than 20% of the virgin mature biomass (Bo). P(no catch) is the probability that the catch
could not be taken, which is assumed to occur if the exploitation rate exceeds 90%). Current (2007—08) values
of %Bo are shown for each run in parenthesis next to the measure. 95% confidence intervals are shown for
the %Bo estimates in 2013. A catch of 180 t is approximately M times the current biomass, 890 t is the current
catch and 2490 t is the current TACC.

Future catch (t)

Run Measure 0 180 530 890 1200 2490
Base %Bo (11.9) 17.6 16.5 14.3 12.6 10.2 5.2
(8.5-67.4)  (7.01-66.0) (5.3-63.9) (3.6-62.7) (2.9-62.6) (2.7-56.2)

Poa1 0.11 0.19 0.30 0.40 0.49 0.70

Po2 0.57 0.60 0.65 0.71 0.74 0.83

P(no catch) 0 0 0 0 0 0.38

mat&sel  %By (17.8) 24.5 23.6 20.4 18.6 16.2 9.5
(14.0-68.8)  (12.9-67.8) (10.2-65.5)  (8.0-63.4) (6.5-61.7)  (5.5-57.8)

Po1 0.00 0.00 0.06 0.14 0.22 0.53

Po2 0.35 0.38 0.49 0.55 0.61 0.75

P(no catch) 0 0 0 0 0 0.42

MO0.027  %B, (13.6) 17.9 16.7 143 12.0 10.0 43
(7.1-59.4)  (6.2-59.1) (45-56.7)  (2.9-56.5) (2.2-55.0)  (2.0-50.1)

Poa1 0.14 0.19 0.28 0.40 0.49 0.71

Po2 0.57 0.60 0.67 0.71 0.75 0.84

P(no catch) 0 0 0 0 0 0.41

MO0.06 %Bo (24.2) 33.6 314 29.8 26.3 24.6 17.4
(13.0-80.2)  (125-79.2) (10.6-77.5) (8.3-77.2) (6.7-75.7) (4.8-71.2)

Poa1 0.02 0.33 0.07 0.15 0.17 0.35

Po2 0.27 0.29 0.35 0.40 0.42 0.54

P(no catch) 0 0 0 0 0 0.71

5.6 Updated characterisation and CPUE analyses

A characterisation and CPUE analyses were conducted using catch and effort data to the end of the 2013—
14 fishing year (Bentley & MacGibbon, 2016). Catch and effort data were examined in each of nine
“zones” which encompassed groups of underwater features where the majority of the cardinalfish catch
has been taken: North Colville (NC), Mercury-Colville (MC), White Island (WI), East Cape (EC),
Tuaheni High (TH), Richie-Rockgarden (RR), Madden (MD), Wairarapa (WA), and Kaikoura (KK).
Within these zones, only tows in the depth range 470-980m (the 2.5™ and 97.5" percentiles of the
distribution of cardinalfish catch by depth) were considered when characterising effort and performing
CPUE analyses.

Catches in each zone have generally declined or remained stable. In CDL 1, most of the catch has come
from the Mercury-Colville zone since the early 2000s. In CDL 2, concurrent with a reduction in the TACC,
catches have declined in the East Cape, Tuaheni High and Richie-Rockgarden zones since 2010. In these
zones, as in CDL 1, most of the cardinalfish is taken in target tows. In contrast, catches in the Wairarapa
and Kaikoura zones have remained relatively constant during this period. In these southern two zones a
greater proportion of the cardinalfish catch is taken as bycatch from tows that are targeting species other
than cardinalfish and orange roughy. There was no evidence of substantial movement of fishing effort
between features within zones.

A CPUE analysis was done using data from all nine zones and year effects estimated for each zone. This
suggested that the CPUE trends in all zones were generally similar but that the Wairarapa and Kaikoura
zones exhibited a flatter trend since 2000. On this basis, a final CPUE standardisation was done with
separate year effects estimated for three regions North (zones North Colville, Mercury-Colville and White
Island; i.e. CDL 1), Central (zones East Cape, Tuaheni High, Richie-Rockgarden and Madden: i.e. CDL
2 except for Wairarapa) and South (zones Wairarapa and Kaikoura). This standardisation model has the
advantage over separate models for each region of using all the available data to estimate vessel
coefficients.
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Figure 3: CPUE indices by region (see text for definitions of regions). Region/year combinations with less than 30 tows
are not shown. Error bars indicate = one standard error. Fishing years are indicated by the later calendar
year.

6. STATUS OF THE STOCKS

Stock Structure Assumptions

The stock boundaries and number of black cardinalfish stocks in New Zealand is unknown. There are
no data on genetics, or known movements of black cardinalfish which indicate possible stock
boundaries.

There is evidence that a spawning stock exists in CDL 2, with three geographically close spawning
locations identified, on Tuaheni High, Ritchie Bank, and Rockgarden (Dunn 2009). Juveniles of less than
30 cm have been infrequently identified in CDL 2, and more frequently found on the northern flanks of
the Chatham Rise, which is south of the spawning grounds in CDL 2. No spawning grounds have been
identified on the Chatham Rise, where adult fish are relatively rare.

For the purposes of stock assessment, it has been assumed that black cardinalfish on the east coast North
Island (CDL 2) are from the same stock as fish on the north Chatham Rise (CDL 3 and CDL 4).

CDL2,3&4
Stock Status
Year of Most Recent Assessment 2009 full assessment
2014 CPUE updated
Assessment Runs Presented One base case and three sensitivity runs

Base case: M = 0.04; selectivity equal to maturity

Sensitivity runs: various combinations of M and assumptions
about the relationship between maturity and selectivity,
considered to be less reliable than the base case
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Soft Limit: 20% Bog
Hard Limit: 10% Bg

Reference Points Management Target: 40% Bo

Overfishing threshold: Uagy

Status in relation to Target Very Unlikely (< 10%) to be at or above the target

Status in relation to Limits Base case:

below the Hard Limit.
Other model runs:

B2oos was estimated to be 12% Bo; Likely (> 60%) to be below
the Soft Limit and About as Likely as Not (40-60%) to be

The range of Bagog was estimated to be 14-24% Bo; About as
Likely as Not (40—60%) or Likely (> 60%) to be below the Soft
Limit and Unlikely (< 40%) to be below the Hard Limit.

Status in relation to Overfishing Unknown

Historical Stock Status Trajectory and Current Status

100

%B0

o

I [ I I I

Fishing Year

horizontal broken line indicates 20% Bo

1980 1985 1990 1995 2000

I
2005

Estimated biomass trajectories (solid line) and 95% confidence intervals (shaded area) for the base case. The

Fishery and Stock Trends

Recent Trend in Biomass or Proxy

CPUE has been flat since 2008

Recent Trend in Fishing Intensity or
Proxy Unknown

Other Abundance Indices -

Trends in Other Relevant Indicators or
Variables -

Projections and Prognosis

Stock Projections or Prognosis Model projections indicate that the biomass will

increase at catch levels near or below the 2007-08
level but will decline sharply at catch levels equal

to the TACC.
Probability of Current Catch or TACC causing
Biomass to remain below or to decline below Soft Limit: Likely (> 60%)
Limits Hard Limit: About as Likely as Not (40-60%)
Probability of Current Catch or TACC causing
Overfishing to continue or to commence Soft Limit: Likely (> 60%)

Hard Limit: Likely (> 60%)
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Assessment Methodology and Evaluation

Assessment Type 2009 Level 1: Full Quantitative Stock Assessment
2014 Level 2: Partial Quantitative Stock Assessment
Assessment Method Age-structured CASAL model with Bayesian estimation
of posterior distributions
Assessment Dates Latest assessment: 2009 | Next assessment: Unknown
Overall assessment quality rank 1 — High Quality
Main data inputs (rank) - Two commercial catch-

per-unit-effort (CPUE)
series from the trawl

fishery up to 2008 1 — High Quality
- Estimates of biological
parameters 1 — High Quality
Data not used (rank) N/A
Changes to Model Structure and
Assumptions First accepted assessment for these stocks
Major sources of Uncertainty Major sources of uncertainty include the

representativeness of the CPUE data, the relationship
between CPUE and abundance, the assumption that
recruitment has been constant throughout the history of
the fishery, estimates of growth and natural mortality and
the catch history.

Qualifying Comments

The TACC was reduced from 2 223 t in 3 stages to the level of 440 t in 2010—11. This level was the
maximum annual catch required to rebuild the CDL 2 stock to 30%By within the 24 year period
specified in the Harvest Strategy Standard (twice Tmin). CPUE since 2008 has been flat.

Fishery Interactions

Main associated species are orange roughy, alfonsino and, to a lesser extent, hoki. Interactions with
other species are currently being characterised.

Other QMAs
There is no information on the status of cardinalfish stocks in other QMAs.

TACCs and reported landings for the 2017-18 fishing year are summarised in Table 13.

Table 13: Summary of TACCs (t) and reported landings (t) for black cardinalfish for the most recent (2017-18)

fishing year.

2017-18 2017-18
Fishstock QMA FMA Actual TACC Reported landings
CDL 1 Auckland (East) 1 1200 2
CDL 2 Central (East) 2 440 236
CDL3 South-east (Coast) 3 196 131
CDL 4 South-east (Chatham) 4 66 13
CDL 5 Southland 5 22 6
CDL 6 Sub-Antarctic 6 1 1
CDL 7 Challenger 7 39 11
CDL 8 Central (West) 8 0 0
CDL 9 Auckland (West) 9 4 1
CDL 10 Kermadec 10 0 0
Total 1968 401
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1. FISHERY SUMMARY

Attached bladder kelp (KBB G) was introduced into the Quota Management System (QMS) on 1 October
2010, within FMA 3 and FMA 4 only which have the reporting codes KBB 3G and KBB 4G,
respectively. The Total Allowable Catch (TAC), commercial, recreational, customary and other mortality
allowances issued to KBB G on entering the QMS remain unchanged and are presented in Table 1 and
Figure 1.

Bladder kelp, like all other large seaweeds, occurs in one of three states: attached (growing on the
substrate); free-floating; and beach-cast. The attached growing state of bladder kelp is the only state
managed under the QMS. Fisheries New Zealand will continue to monitor the use of beach-cast and
free-floating seaweeds in FMAs 3 and 4, and will reconsider introducing these states into the QMS if
sustainability and utilisation risks are identified in the future. Separate codes refer to beach cast bladder
kelp in FMA 3 (KBB 3B) and free-floating bladder kelp in FMA 3 and 4 (KBB 3F and KBB 4F). Unless
explicitly stated, this section refers to only attached bladder kelp.

Table 1: Total Allowable Catch (TAC, t), Total Allowable Commercial Catches (TACC, t), customary non-commercial (t),
recreational (t), and other mortality allowances for attached bladder kelp on entering the QMSon 1 October

2010.
Fishstock TAC TACC Customary Non-commercial Recreational Other Mortality
KBB 3G 1238 1237 0.1 0.1 1
KBB 4G 274 273 0.1 0.1

1.1 Commercial fisheries

Bladder kelp has been used as a dietary supplement, fertilizer, cultivation for bioremediation purposes, as
well as abalone and sea urchin feed (Buschmann et al 2006, Gutierrez et al 2006). There is current research
evaluating the utilization of bladder kelp as feed for other aquaculture species such as shrimps
(Buschmann et al 2006, Cruz-Suarez et al 2009), as well as an evaluation as a possible feedstock for
conversion into ethanol for biofuel use (Wargacki et al 2012). Because of the growing demand for bladder
kelp, MPI considered that the bladder kelp resource requires active management to ensure its sustainable
use, and that management under the QMS was the most appropriate mechanism. The fishing year for
commercial harvest of KBB G is 1 October to 30 September, and catch is measured in greenweight

(t).
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Restrictions on New Zealand harvests of KBB G have been based on the Californian fishery (where the
majority of research into harvesting effects has been conducted) and modified to take into account
differences between California and New Zealand. These differences, compared to the Californian fishery,
include reduced nutrients in New Zealand waters, the shallower depth at which KBB G is harvested in
New Zealand, and the lack of information on New Zealand stocks.

The single restriction on KBB G harvest, implemented on introduction to the QMS on 1 October 2010, is
a maximum cutting depth of 1.2 m.

Harvest of KBB G mainly occurs in QMA 3 and has varied since 2001-02 from 3to 105t. Landings of
KBB G in QMA 4 are minimal, with only 2.47 t reported in the last 17 years (Table 2).

Table 2: Reported landings for KBB G in greenweight (t) by fishing year. Blank cells indicate nil catches. Values above
and below the horizontal line represent historic landings prior to QMS introduction and landings post QMS
introduction, respectively. * Pre 2010 landings in KBB 3G include a combination of beach cast, free-floating and
attached bladder kelp. Pre 2010 landings in KBB 4G may include a combination of free-floating and attached
bladder kelp. Post 2010, the reported landings are for attached bladder kelp only.

Fishing Year KBB 3G KBB 4G
2001-02 104.50* 0.37*
2002-03 37.00*

2003-04 7.53*
2004-05 17.90*
2005-06 2.82*
2006-07 8.35*
2007-08 6.43* 2.10*
2008-09 63.50*
2009-10 28.37*
2010-11 53.34
2011-12 34.25
2012-13 5.00
2013-14 94.00 0.00
2014-15 62.00 0.02
2015-16 30.54 0.00
2016-17 41.77 0.00
2017-18 40.81 0.00

KBB3G Landings [ | TACC ——

— 1000 ~

Weight (tonnes

500

[ W

T T T T T T T T
2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18
Fishing Year

Figure 1: Reported commercial landings and TACC for KBB 3G (east coast, South Island). Note that this figure does
not show data prior to entry into the QMS.

1.2 Recreational fisheries

There is no quantitative estimate of recreational harvest of bladder kelp at this time, although it is assumed
to be restricted to the collection of beach-cast seaweed for composting. Consequently, recreational harvest
of attached bladder kelp is assumed to be negligible.
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1.3 Customary non-commercial fisheries

The harvest of bladder kelp by customary Maori is currently unrestricted. There is no quantitative
information on the extent of customary harvest of attached bladder kelp (or any other state) in FMAs 3
and 4; however, the customary harvest of attached bladder kelp is likely to be negligible.

1.4 lllegal catch
There is some qualitative data to suggest lllegal, unreported, unregulated (IUU) activity in this Fishery.

1.5 Other sources of mortality

Hydrographic factors (e.g., tidal surge, nutrient limitation, temperature and salinity stress) and biological
processes have been demonstrated to result in significant mortality of bladder kelp in the southern
hemisphere (Buschmann et al 2004, 2006). Californian and Chilean studies have shown that grazing by
sea urchins can result in the detachment of adult plants and their removal from the population (Dayton
1985a, Tegner et al 1995), and/or the removal of recruits and juvenile plants (Dean & Jacobsen 1984,
Dean et al 1988, Vasquez et al 2006). In Chile, infestations of bladder kelp holdfasts by crustaceans (e.g.,
amphipods and isopods) may increase mortality by decreasing attachment strength (Ojeda & Santelices
1984). Due to their large size and high drag, adult bladder kelp are vulnerable to removal by high water
motion (Dayton et al 1984, Seymour et al 1989, Schiel et al 1995, Fyfe & Israel 1996, Graham et al 1997,
Fyfe et al 1999), which is considered the primary agent of mortality. In 1994, Fyfe et al (1999) found that
winter storms extensively removed floating surface canopies at Pleasant River (north of Dunedin), and
that by February 1995, 50% of surface canopies had reformed. High seasonal and year-to-year variability
in wave intensity and plant biomass results in high intra- and inter- annual variability in mortality. In
California, uprooted plants may become entangled with attached plants, increasing drag and the likelihood
of detachment, which may result in a ‘snowball effect’ capable of clearing large swaths in the local
population (Dayton et al 1984). For example, Seymour et al (1989) observed that mortality of bladder
kelp in California due to storm-induced plant detachment and entangled was as great as 94%. Graham et
al (1997) observed that bladder kelp holdfast growth in California decreased significantly along a gradient
of increasing wave exposure, possibly due to greater disturbance to the bladder kelp surface canopy, which
reduces holdfast growth (Barilotti et al 1985, McCleneghan & Houk 1985). Thus, increased water motion
and decreased holdfast strength can act in combination to decrease plant survival.

Sedimentation can also increase bladder kelp mortality — movement of bottom sediments can scour or
bury bladder kelp spores and recruits, and the resuspension of sediments can reduce the amount of light
reaching sub-canopy algae, preventing the attachment and development of spores, and inhibiting the
growth of bladder kelp recruits (Dean & Jacobson 1984, Pirker 2002).

Over large spatial scales, elevated temperature also appears to be a major influence on bladder kelp
mortality, and is likely to limit the northern distribution of bladder kelp within New Zealand (Hay 1990).
For example, Hay (1990) described an apparent retraction of the distribution of bladder kelp within Cook
Strait since 1942, presumably due to increasing surface water temperatures. Cavanaugh et al (2011)
compared changes in canopy biomass with oceanographic and climatic data in California. They revealed
that winter losses of regional kelp canopy biomass were positively correlated with significant wave height,
while spring recoveries were negatively correlated with sea surface temperature. On interannual
timescales, regional kelp-canopy biomass lagged the variations in wave height and sea surface
temperatures by 3 years, indicating that these factors affect cycles of kelp recruitment and mortality. The
dynamics of kelp biomass in exposed regions were related to wave disturbance, while kelp dynamics in
sheltered regions tracked sea surface temperatures more closely.

Although wave disturbance and sea surface temperature appear to be the predominant sources of bladder
kelp mortality, there are no quantitative estimates for these sources of mortality available for New
Zealand. Further, the relevance of results from studies conducted outside New Zealand may be limited
due to differences in hydrographic environment between New Zealand and other locales.
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2. BIOLOGY

Historically, two species of bladder kelp, Macrocystis pyrifera (Linnaeus) C.Agardh and M. integrifolia
Bory, were reported from both Northern and Southern Hemispheres, while M. angustifolia Bory and M.
laevis Hay were reported from the Southern Hemisphere. However, M. angustifolia, M. integrifolia and
M. laevis are currently regarded as taxonomic synonyms of M. pyrifera (Graham et al 2007, Demes et al
2009). Therefore, for the sake of this document, the four previously recognized species are simply referred
to as bladder kelp, Macrocystis pyrifera.

Bladder kelp is globally widespread; it is found in the Atlantic Islands (Baardseth 1941, Chamberlain
1965); North America from Alaska to California, Baja and Mexico (e.g., Carr 1994, Graham et al 2007,
Cavanaugh et al 2011); Central America (Taylor 1945); South America from Peru to Chile, Argentina and
Uruguay (e.g., Vasquez et al 2006, Thiel et al 2007, Macaya & Zuccarello 2010); the Indian Ocean (Silva
et al 1996); Tasmania (Cribb 1954, Womersley 1987); the Antarctic and the sub-Antarctic islands (Ricker
1987, John et al 1994) and New Zealand (Hay 1990, Fyfe & Israel 1996, Brown et al 1997, Hepburn et al
2007).

In New Zealand, bladder kelp has a broad latitudinal distribution, occurring in the southern North Island,

the South Island, as well as Stewart, Chatham, Bounty, Antipodes, Auckland and Campbell Islands

(Chapman & Chapman 1980, Adams 1994, Hurd & Pilditch 2011, Harper et al 2012). Bladder kelp does

not persist in New Zealand waters where maximum temperatures exceed 18-19° C for several days (Hay

1990). The northern limit of bladder kelp is between Castle Point and Cape Turnagain on the East

coast of the North Island, and Kapiti Island on the west coast of the North Island, and appears to

correspond to the Southland current, which brings cool nutrient-rich water north from the south (Hay

1990). The distribution of bladder kelp is generally patchy, and there is both seasonal and interannual

variation in abundance (Hay 1990, Pirker et al 2000).

Bladder kelp can grow up to 45 m long in New Zealand, and occurs in water 3-20 m deep. Where the
bottom is rocky and affords places for it to anchor, bladder kelp grows in extensive kelp beds with large
floating canopies, and frequently forms colonies or large populations in calm bays, harbours or in
sheltered offshore waters. It can tolerate a wide range of water motion in New Zealand, including areas
where tidal currents reach 5-7 knots (Hay 1990). Smaller plants can be found in shallow pools and
channels.

Bladder kelp is a large perennial kelp (individuals persist for up to 5 years in California; North 1994) with
a life history progressing from planktonic zoospores (less than 3 days longevity) to microscopic benthic
gametophytes (7-30 days longevity) and finally macroscopic benthic sporophytes (the large plants we see
along the coast) (Figure 2). Adult sporophytes typically consist of numerous vegetative fronds that arise
from longitudinal splits in meristem tissue (undifferentiated plant tissue which gives rise to new cells)
located just above the holdfast. Vegetative fronds consist of a stipe (stem) terminating in an apical
meristem (the primary point of growth at the tip of a frond) which gives rise to new vegetative blades as
the frond develops (Figure 2). Blades are attached to the stipe by a single pneumatocyst (gas bladder),
which provides buoyancy to the frond. Continued elongation of the stipe, combined with the production
of new blades by the apical meristem, results in elongation of the frond and increases in the number of
blades. Fronds continue to grow after reaching the surface, forming canopies (Figure 2). Finally, meristem
activity ceases in the apical blade and a terminal blade is formed. In California, frond elongation has been
observed occurring at a rate of up to 30 cm per day, making bladder kelp one of the fastest growing
organisms on earth. Reproductive blades (called sporophylls) are clustered above the holdfast, forming
from the lowermost two to six blades on each frond (Figure 2). Sporophylls develop reproductive
sporangia (spores) that are densely packed in sori (a cluster of sporangia) on the surface of the sporophylls.
Californian studies have shown spores within sporangia take about 14 days to mature, with a mean
residence time of about 30 days (Tugwell & Branch 1989). Each sporangium releases numerous mature
zoospores that develop into gametophytes (North 1986).
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Figure 2: Diagram of the bladder kelp life cycle showing (left side) development of the young diploid sporophyte,
increasing frond numbers through production of basal and apical meristematic blades; (right side) growth habit
of an adult diploid sporophyte ca two years old, standing in 10 m of water depth, and liberating haploid
zoospores; (below center) development of haploid gametophytes from settled zoospores, proceeding to
gametogenesis, and fertilization yielding the zygote and, thence, a diploid embryonic sporophyte. From North
(1986).

A floating surface canopy consisting of numerous vegetative fronds characterizes adult plants. In
California, the floating surface canopy comprises 33-50% of total plant biomass, and produces
approximately 95% of organic production (Towle & Pearse 1973). Unlike other perennial kelp genera,
giant kelp has limited nutrient and photosynphate storage capabilities, which in New Zealand is about 2
weeks (Brown et al 1997); consequently, growth by young fronds, reproductive material, holdfasts and
other tissues near the base of the plant is supported by translocation of photosynphates from the canopy,
which follows a source-sink relationship (North 1986). Mature canopy tissue exports both upward to the
apical meristem at the frond apex, and downward to sporophylls, meristem tissue, holdfasts, and into
apical regions of juvenile fronds (Schmitz & Lobban 1976, Lobban 1978, Manley 1984). The ability of
bladder kelp to translocate photosynphates allows it to grow in dense aggregations with overlapping
canopies that effectively shade out competitors on the bottom, yet supports rapid growth by young fronds,
sporophylls, holdfasts and other tissues near the base of the plant.

The reliance on surface fronds for translocated photosynphate, combined with their vulnerability to
disturbance, results in considerable spatial and temporal variability in giant kelp productivity and size.
For example, Graham et al (1997), observed that bladder kelp holdfast growth in California decreased
significantly along a gradient of increasing wave exposure, possibly due to greater disturbance to the
bladder kelp surface canopy. Similarly, Miller & Geibel (1973) and McCleneghan & Houk (1985)
observed reduced holdfast growth in bladder kelp following the experimental removal of surface canopies
in California. Reed (1987) demonstrated that a 75% thinning of vegetative fronds in California led to an
approximate 75% decrease in the generation of reproductive blades. Graham (2002) identified shifts in
the reproductive condition of Californian bladder kelp from fertile to completely sterile in response to
episodic, sub-lethal frond grazing by amphipods. This change in reproductive condition occurred despite
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relatively constant sporophyll biomass. Finally, in a New Zealand study, Geange (2014) identified an
apparent tradeoff between vegetative growth and the generation of reproductive sporophylls. Relative to
controls, the removal of surface canopies did not result in decreased frond generation, despite an 86%
reduction in the generation of reproductive blades. Geange (2014) also found that 89% of plants became
completely sterile 50 days after canopy removal, with effects persisting for up to 83 days.

Growth of bladder kelp in New Zealand appears to be seasonal, with autumn and winter growth rates in
1988 in Otago Harbour having been estimated at approximately 1-20 mm per day (Table 3; Brown et al
1997). Brown et al (1997) identified a seasonal pattern of blade relative growth rate (RGR) in Otago
Harbour, where blade RGR's during 1986-87 were similar year-round, except for summer when lower
rates were recorded. Brown et al (1997) concluded that sufficiently high irradiance levels and seawater
nutrient concentrations support relatively constant growth throughout most of the year, but that growth
was nutrient-limited during summer months when seawater nitrate levels decline. In a study on Stewart
Island, Hepburn et al (2007) found that exposure to waves increased nitrogen uptake, modifying the
seasonal pattern of growth by ameliorating the negative effect of low seawater nitrogen concentrations
during summer.

Table 3: Growth parameters for KKB G canopy (> 2.25 m) and submerged fronds at Aquarium Point, Otago
Harbour during autumn (March/April/May) and winter (June/July/August) 1988. From Brown et al (1997).

Growth parameter Frond type
Canopy Submerged

Frond-elongation rate

autumn 1.9cmd? 1.2cmd?

winter 2.0cmd? 1.3cmd?
Relative frond-elongation rate

autumn 0.0065 d* 0.008 d*

winter 0.0066 d* 0.013d?
Node-initiation rate

autumn 0.33 nodes d* 0.28 nodes d*

winter 0.30 nodes d* 0.30 nodes d*
Relative node-initiation rate

autumn 0.0047 d* 0.0064 d*

winter 0.0044 d* 0.0089 d*
Net blade-elongation rate

autumn 9.4cmd? 5.4cmd?

winter 12.8 cmd? 12.1cmd?
Elongation rate of immature blades

autumn 0.22cmd? 0.08 cmd?

winter 0.21cmd? 0.10cmd?
Relative elongation rate of immature blades

autumn 0.038 d* 0.001 d*

winter 0.036 d* 0.001 d*

3. STOCKS AND AREAS

In New Zealand, patches of bladder kelp are typically small and discrete, usually less than 100 m?,
although large beds (less than 1 km?) are found along the North Otago coast (Fyfe et al 1999). Although
there is currently no data evaluating stock structure for bladder kelp in New Zealand, Alberto et al (2010,
2011) found low but significant genetic differentiation over a 70 km stretch of coast in the Santa Barbara
Channel in southern California. In a New Zealand context, where stands of bladder kelp are small and
discrete, these results suggest that stocks may display strong spatial structuring; however, these results
should be viewed with caution because current regimes in the Santa Barbara Channel are strongly
unidirectional.

4. ENVIRONMENTAL AND ECOSYSTEM CONSIDERATIONS

This section was reviewed by the Aquatic Environment Working Group for the May 2013 Fishery
Assessment Plenary.
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4.1 Role in the ecosystem

Forests of bladder kelp are amongst the most productive marine communities in temperate waters, they
act as keystone species, altering the abiotic environment and providing vast amounts of energy and highly
structured three-dimensional habitat (Foster & Schiel 1985, Graham 2004, Graham et al 2008). In
California, bladder kelp has been identified as altering abiotic and biotic conditions by dampening water
motion (Jackson & Winant 1983, Jackson 1998), altering sedimentation (North 1971), shading the sea
floor (Reed & Foster 1984, Edwards 1998, Dayton et al 1999, Clark et al 2004), scrubbing nutrients from
the water column (Jackson 1977, 1998), stabilising substrata (North 1971), and providing physical habitat
for organisms both above and below the benthic boundary layer (Foster & Schiel 1985).

There are three primary components to the provisioning of habitat by attached bladder kelp: the holdfast,
the mid-water fronds, and the surface canopy (Foster & Schiel 1985). Studies from California, Canada,
Chile, the Sub-Antarctic, and Tasmania have shown that a highly diverse assemblage of organisms
colonizes each of these three components. Holdfasts are primarily colonised by algae and invertebrates
and encrusted with bryozoans and sponges. The mid-water fronds and surface canopies are host to a
variety of sessile and mobile invertebrates (e.g., amphipods, top and turban snails), encrusting bryozoans,
and hydroids. Juvenile and adult fishes may also associate with mid-water and canopy fronds, although
kelp-fish associations in New Zealand appear to be weaker than those reported in California.

Although the following associations are not exclusive, the major species associated with bladder kelp
forests in New Zealand include: (i) understory brown algae, Ecklonia radiata, Carpophyllum flexuosum,
Marginariella boryana and Cystophora platylobium; (ii) a rich fauna of sessile invertebrates, including
Callana spp., Calliostoma granti, Cookia sulcata, Evechinus chloroticus, Haliotis iris, Trochus spp.; and
(iii) fishes, including Notolabrus celidotus, N. cinctus. Odax pullus and Parika scaber (Pirker etal 2000,
Shears & Babcock 2007). Of these species, Ecklonia radiata, Evechinus chloroticus (kina) and Haliotis iris
(paua) have significant recreational value.

A significant proportion of annual kelp production becomes free-floating and beach-cast in response to
storm events, seasonal mortality, or ageing. Bladder kelp continues to provide habitat resources after
detachment from the substratum. Studies in California, Chile, Macquarie Island, South Georgia and
Tasmania, have shown that holdfasts, mid-water fronds and canopies can retain epifaunal fishes and
mobile and sessile invertebrates when drifting long distances, and play an important role in the dispersal
of invertebrates and fishes (Edgar 1987, V&squez 1993, Helmuth et al 1994, Hobday 2000a,b,c, Smith
2002, Macaya et al 2005, Thiel & Gutow 2005a,b). Mature free-floating individuals may also be important
in the connectivity of bladder kelp populations, and may explain low genetic diversity of bladder kelp
over large geographic extents in the south eastern Pacific (Thiel et al 2007, Macaya & Zuccarello 2010).

The beach-cast state is either washed back into the sea over subsequent tidal cycles or remains in the
beach environment, with New Zealand and Californian studies demonstrating that it is incorporated into
physical beach processes, or into the terrestrial or marine food webs through consumption and
decomposition (Inglis 1989, Lastra et al 2008). In New Zealand, beach-cast material supports a diverse
ecology of organisms through nutrient cycling and decomposition, including various micro- and macro-
fauna (Inglis 1989, Marsden 1991), and if washed up high enough on the beach, can aid sand dune
formation.

4.2 Incidental catch (fish and invertebrates)
Small scale harvesting experiments carried out in Akaroa Harbour showed that harvesting canopy biomass
had no measurable effect on bladder kelp and the dominant understorey species (Pirker et al 2000).

4.3 Incidental catch (marine mammals, seabirds and protected fish)
None known.

4.4, Benthic interactions
None known.
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4.5 Other considerations
None known.

5. STOCK ASSESSMENT

Currently there is insufficient information on canopy area and density to allow for a stock assessment for
KBB G. Furthermore, due to large temporal and spatial variation in bladder kelp growth, estimates of
biomass should be looked at conservatively when applying regional scale management.

Large spatial and temporal fluctuations in biomass within and between individual kelp forests necessitates
the need for initial annual stock assessments of targeted beds to determine credible biomass and
sustainable yield information to ensure long-term sustainability (Pirker et al 2000). A combination of
aerial photography and in situ measurements provide an easy method for assessing canopy biomass (Fyfe
& Israel 1996, Fyfe et al 1999, Pirker et al 2000).

5.1 Estimates of fishery parameters and abundance
No estimates of fishery parameters or abundance are available at present.

5.2 Biomass Estimates

Maximum biomass occurs in winter (Cummack 1980, Pirker et al 2000). Growth rates and peaks in
biomass can vary significantly over very short distances (i.e., kilometres) and temporal scales (i.e.,
seasonally) in response to changes in currents, light, nutrient levels, and other environmental factors. Fyfe
et al (1999) found that the wet biomass of closed canopy at Pleasant River in KBB 3 fluctuated from an
estimated 10 639 g m? (SE = 1566) in November 1995 to 3761 g m? (SE = 1237) in November 1996.
Pirker et al (2000) noted that marked differences exist in the demography of bladder kelp at a spatial scale
of only a few kilometres — and that beds decline and regenerate at different times. Because of the apparent
rapid spatio-temporal fluctuations in biomass, the status of KBB 3G and KBB 4G biomass is unknown
and unable to be reliably estimated using best available information. Therefore, MPI was unable to
ascertain whether the current biomass of both attached bladder kelp stocks is stable, increasing or
decreasing.

There is some limited information on past harvestable bladder kelp biomass and potential yield at three
sites in Akaroa Harbour (Wainui, Ohinepaka, and Mat White Bays: located in KBB 3G) (Pirker et al
2000). Pirker et al (2000) estimated a combined annual harvestable canopy biomass of 377 tonnes for
1999. Further, Pirker et al (2000) concluded that at Akaroa Harbour sites no one forest was capable of
supporting the removal of consistent amounts of canopy, although two harvests could be sustained per
year — one in late spring/early summer just prior to frond senescence, and then another cut in late
autumn/early winter. However, this estimate should be treated with caution — the survey provides only
seasonal point estimates of harvestable biomass during the time the survey was conducted, with the 1999
estimate being the highest. Further, the 1999 estimate does not provide an indication of biomass at a QMA
level.

There is also some limited information on the location of bladder kelp beds throughout KBB 3, although
the biomass of floating surface canopies is unknown. In November 1995, Fyfe et al (1999) used aerial
photography to quantify whole plant biomass (surface canopies and subsurface fronds) of bladder kelp
forests at Pleasant River. They estimated 42 ha of closed bladder kelp canopy and 43 ha of broken canopy,
with a combined biomass of 7900 tonnes (x 1300). Shears & Babcock (2007) also provide a per square
metre biomass estimates for entire bladder kelp plants from 247 sites within 43 locations across the North
and South Islands (Figure 3) between 1999 and 2005. 12.1% of sites surveyed had bladder kelp, with a
mean ash free dry weight (AFDW) biomass of 5.43 g m2. In KBB 3, biomass of attached bladder kelp
ranged between 0.8 g AFDW m (+ 0.5, Fiordland) and 374 g AFDW m (Banks Peninsula, figure 25
Shears & Babcock 2007). Again, estimates from these studies should be treated with caution as they only
provide point estimates of biomass, estimates are not of harvestable biomass, and they do not provide
estimates of biomass at the QMA level.
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Figure 3: Mean biomass (g ash free dry weight m) of attached bladder kelp at all sites, averaged across 4 depth

5.3 Yield estimates and projections
As absolute biomass has not been estimated, MCY cannot be estimated.

CAY cannot be estimated.

5.4  Other yield estimates and stock assessment results
No information is available.

55 Other factors

Itis ntl)_tkklnown whether the biomass of bladder kelp is stable or variable, but the latter is considered
more likely.

6. STATUS OF THE STOCKS

KBB 3G

Stock Structure Assumptions
No information is currently available to determine biological stocks for bladder kelp. Therefore, where
guota has been allocated this has been to existing fishery management areas (3 and 4).

Stock Status

Year of Most Recent Assessment 1995 and 1999

Assessment Runs Presented Survey biomass from different parts of KBB 3
Reference Points Interim Target: 40% B

Interim Soft Limit: 20% B,

Interim Hard Limit: 10% Bo

Interim Overfishing threshold: Fusy

Status in relation to Target Due to the relatively low levels of exploitation it is
likely that all stocks are still effectively in a virgin
state, therefore they are Very Likely (> 90%) to be at
or above the target.

Status in relation to Limits Very Unlikely (< 10%) to be below the soft and hard
limits
Status in relation to Overfishing Overfishing is Very Unlikely (< 10%) to be occurring
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Historical Stock Status Trajectory and Current Status

Fishery and Stock Trends

Recent Trend in Biomass or Proxy Unknown
Recent Trend in Fishing Intensity or Proxy | Fishing is light in KBB 3G averaging 37 t since 2001—
02.

Other Abundance Indices -

Trends in Other Relevant Indicators or -
Variables

Projections and Prognosis

Stock Projections or Prognosis Unknown

Probability of Current Catch or TACC Current catches are Very Unlikely (< 10%) to cause
causing Biomass to remain below, or to declines below soft or hard limits

decline below, Limits

Probability of Current Catch or TACC Current catches are Very Unlikely (< 10%) to cause
causing Overfishing to continue or to overfishing to continue or commence

commence

Assessment Methodology and Evaluation

Assessment Type Level 2 Partial quantitative stock assessment
Assessment Method Ground-truthed remote sensing biomass surveys
Assessment Dates Latest assessment: 1999 and | Next assessment: Unknown
1995 (in different areas of
KBB 3)

Overall assessment quality 1-High quality: it is very likely that fishing is light and having little
rank impact

Main data inputs (rank) Biomass surveys 2 - Medium or mixed quality as
surveys only cover part of the range
and are dated

Data not used (rank) - -

Changes to Model Structure | - -
and Assumptions

Major Sources of Uncertainty | - -

Qualifying Comments

There are large temporal and spatial fluctuations in biomass within and between beds; therefore,
biomass estimates should be utilised conservatively.

Fishery Interactions

Bladder kelp plays an important role in structuring habitats and providing beach-cast material, but
harvesting the canopy biomass has no known measurable effect on associated or dependent species.

KBB 4G

Stock Structure Assumptions
No information is currently available to determine biological stocks for bladder kelp. Therefore where
guota has been allocated this has been to existing fishery management areas (3 and 4).

Stock Status

Year of Most Recent Assessment None

Assessment Runs Presented None

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

Status in relation to Target

Due to the relatively low levels of exploitation it is
likely that all stocks are still effectively in a virgin
state, therefore they are Very Likely (> 90%) to be at
or above the target

Status in relation to Limits

Very Unlikely (< 10%) to be below the soft and hard
limits

Status in relation to Overfishing

Overfishing is Very Unlikely (< 10%) to be occurring

Historical Stock Status Trajectory and Current Status

Fishery and Stock Trends

Recent Trend in Biomass or Proxy

Unknown

Recent Trend in Fishing Intensity or Proxy

Fishing is very light in KBB 4G with less than 3 t
reported since 2001-02.

Other Abundance Indices

Trends in Other Relevant Indicators or
Variables

Projections and Prognosis

Stock Projections or Prognosis

Unknown

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

Current catches are Very Unlikely (< 10%) to cause
declines below soft or hard limits

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

Current catches are Very Unlikely (< 10%) to cause
overfishing to continue or commence

Assessment Methodology and Evaluation

Assessment Type

Assessment Method

Assessment Dates

- | Next assessment: Unknown

Overall assessment quality rank

Main data inputs (rank)

Data not used (rank)

Changes to Model Structure and
Assumptions

Major Sources of Uncertainty

Qualifying Comments

There are large temporal and spatial fluctuations in biomass within and between beds; therefore, any
biomass estimates in the future should be utilised conservatively.

Fishery Interactions

Bladder kelp plays an important role in structuring habitats and providing beach-cast material, but
harvesting the canopy biomass has no known measurable effect on associated or dependent species.

7. RESEARCH NEEDS

Future high priority research areas include: (i) updated (or new in the case of KBB 4G) biomass surveys;
(i) an evaluation of stock structure and inter-stock genetic differentiation; and (iii) quantitative estimates

for different sources of mortality.
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(Parapercis colias)
Rawaru

1. FISHERY SUMMARY

Allowances, TACCs and TACs are shown in Table 1.

Table 1: Recreational and Customary non-commercial allowances, other mortality, TACCs and TACs for blue cod

by Fishstock.
Recreational  Customary non-commercial Other
Fishstock Allowance allowance mortality TACC TAC
BCO 1 2 2 - 46 46
BCO 2 - - - 10 10
BCO3 - - - 163 163
BCO 4 - - - 759 759
BCO S 191 2 20 1239 1452
BCO7 - - - 70 20
BCO 8 188 2 2 34 226
BCO 10 - - - 10 10
1.1 Commercial fisheries

Blue cod is predominantly an inshore domestic fishery with very little deepwater catch. The major
commercial blue cod fisheries in New Zealand are off Southland and the Chatham Islands, with smaller
but regionally significant fisheries off Otago, Canterbury, the Marlborough Sounds and Wanganui.

The fishery has had a long history. National landings of up to 3 000 t were reported in the 1930s and
catches of 2500 t were sustained for many years in the 1950s and 1960s. Fluctuations in annual landings
since the 1930s can be attributed to World War II, the subsequent market for frozen blue cod for a short
period of time and then the development of the rock lobster fishery. Annual landings of blue cod also
vary with the success of the rock lobster season. Traditionally many blue cod fishers were primarily rock
lobster fishers. Therefore, the amount of effort in the blue cod fishery tended to depend on the success of
the rock lobster season, with weather conditions in Southland affecting the number of ‘fishable’ days.

The commercial catch from the BCO 5 fishery is almost exclusively taken by the target cod pot
fishery operating within Foveaux Strait and around Stewart Island (Statistical Areas 025, 027, 029 and
030). Similarly, the BCO 3 commercial catch is dominated by the target pot fishery, although blue cod
is also taken as a small bycatch of the inshore trawl fisheries operating within BCO 3. Most of the
catch from BCO 3 is taken in the southern area of the Fishstock (Statistical Area 024). Catches
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from BCO 3 and 5 peak during autumn and winter and the seasonal nature of the fishery is influenced
by the operation of the associated rock lobster fishery.

Total landings built up to a peak in 1985, the year before the QMS was implemented. Landings then
declined up to 1989, but have since increased, coinciding with a change in the main fishing method from
hand-lines to cod pots. Historical landings are shown in Table 2, recent reported landings are shown in
Table 3 while Figure 1 shows the historical landings and TACC values for the five main BCO fish
stocks.

Since 1994-95, total landings have exceeded 2 000 t annually, peaking at 2 501 t in 2003-04.
Historically, the largest catches of blue cod have been taken in BCO 5 (1556 t in fishing year 2003—
04). The total catch from this fishery remained relatively stable from 1982 to 1993 and subsequently
increased to approach the level of the TACC in 1995-96. Catches have remained stable at this higher
level in recent years.

Table 2: Reported landings (t) for the main QMAs from 1931 to 1982.

Year BCO1 BCO2 BCO3 BCO 4 Year BCOS BCO 7 BCO 8
1931-32 29 0 55 148 1931-32 719 4 4
1932-33 12 0 59 111 1932-33 726 1 5
1933-34 24 5 26 1055 1933-34 792 3 2
1934-35 17 5 23 1306 1934-35 1057 0 4
1935-36 18 23 34 1197 1935-36 284 44 2
1936-37 3 7 27 755 1936-37 113 61 0
1937-38 2 8 31 793 1937-38 172 81 0
1938-39 2 3 19 686 1938-39 94 57 0
193940 1 4 33 715 1939-40 135 68 0
1940-41 3 7 39 320 194041 177 72 0
194142 2 5 30 189 1941-42 128 54 0
194243 3 5 20 204 1942-43 139 65 0
194344 4 12 31 212 1943-44 221 80 0
1944 3 10 38 216 1944 552 88 0
1945 8 6 45 102 1945 634 109 0
1946 11 9 43 175 1946 715 116 2
1947 8 22 81 278 1947 955 153 1
1948 7 24 74 623 1948 852 88 2
1949 37 6 98 390 1949 929 82 3
1950 5 5 66 485 1950 1005 94 1
1951 4 9 51 494 1951 873 74 2
1952 5 7 53 543 1952 889 95 3
1953 7 20 62 682 1953 414 114 2
1954 5 9 84 603 1954 385 112 2
1955 4 8 83 355 1955 405 79 3
1956 1 7 86 636 1956 656 77 2
1957 2 5 63 1185 1957 581 61 2
1958 2 4 57 892 1958 542 71 2
1959 1 2 51 1158 1959 492 71 1
1960 1 4 48 903 1960 757 65 2
1961 1 2 43 871 1961 590 55 3
1962 1 9 37 550 1962 668 65 3
1963 1 12 46 633 1963 621 60 4
1964 1 107 83 495 1964 462 70 3
1965 1 18 55 742 1965 296 59 2
1966 1 395 35 13 1966 337 79 6
1967 1 437 34 0 1967 518 74 5
1968 1 312 69 0 1968 494 105 2
1969 6 232 92 8 1969 361 60 1
1970 0 402 70 39 1970 432 70 8
1971 1 105 81 36 1971 375 44 2
1972 0 137 60 3 1972 194 63 1
1973 1 127 65 4 1973 571 68 11
1974 0 67 61 1 1974 486 61 16
1975 0 5 42 2 1975 232 58 14
1976 0 103 72 17 1976 254 58 17
1977 2 3 21 46 1977 208 87 19
1978 0 9 49 14 1978 197 104 12
1979 0 17 74 13 1979 217 98 16
1980 1 1 89 1 1980 403 62 18
1981 1 2 69 40 1981 494 79 23
1982 7 0 62 13 1982 356 68 34

Table 3: Reported landings (t) of blue cod by Fishstock from 1983 to 2017-18 and actual TACCs (t) from 1986-87 to
2017-18. QMS data from 1986-present. FSU data 1983-1986.
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Fishstock BCO 1 BCO 2 BCO 3 BCO 4 BCO5
FMA (s) 1&9 2 3 4 5&6

Landings TACC Landings TACC Landings TACC Landings TACC Landings TACC

1983* 23 - 4 - 81 192 626
1984* 39 - 6 - 74 - 273 - 798 -
1985* 21 - 3 - 55 - 274 - 954 -
1986* 19 - 2 - 82 - 337 - 844 -
1986-87 8 30 1 10 84 120 417 600 812 1190
1987-88 9 40 1 10 148 140 204 647 938 1355
1988-89 8 42 1 10 136 142 279 647 776 1447
1989-90 10 45 1 10 121 151 358 749 928 1491
1990-91 12 45 <1 10 144 154 409 757 1096 1491
1991-92 10 45 1 10 135 154 378 757 873 1536
1992-93 12 45 4 10 171 156 445 757 1029 1536
1993-94 14 45 2 10 142 162 474 757 1132 1536
1994-95 13 45 1 10 155 162 565 757 1218 1536
1995-96 11 45 2 10 158 162 464 757 1503 1536
1996-97 13 45 2 10 156 162 423 757 1326 1536
1997-98 16 45 4 10 163 162 575 757 1364 1536
1998-99 12 45 2 10 150 162 499 757 1470 1536
1999-00 14 45 2 10 168 162 490 757 1357 1536
2000-01 15 45 2 10 154 162 627 757 1470 1536
2001-02 12 46 2 10 138 163 648 759 1477 1548
2002-03 11 46 4 10 169 163 724 759 1497 1548
2003-04 9 46 4 10 167 163 710 759 1556 1548
2004-05 9 46 5 10 183 163 731 759 1473 1548
2005-06 7 46 1 10 183 163 580 759 1346 1548
2006-07 6 46 4 10 177 163 747 759 1382 1548
2007-08 6 46 3 10 167 163 779 759 1277 1548
2008-09 7 46 8 10 158 163 787 759 1391 1548
2009-10 8 46 7 10 171 163 691 759 1210 1548
2010-11 7 46 8 10 183 163 781 759 1296 1548
2011-12 6 46 8 10 166 163 753 759 1215 1239
2012-13 9 46 7 10 170 163 739 759 1207 1239
2013-14 9 46 8 10 159 163 720 759 1208 1239
2014-15 11 46 7 10 175 163 796 759 1132 1239
2015-16 9 46 6 10 169 163 758 759 1099 1239
2016-17 12 46 10 10 170 163 741 759 1152 1239
2017-18 8 46 12 10 174 163 752 759 1027 1239

Fishstock BCO7 BCOS8 BCO 10

FMA (s) 7 8 10 Total

Landings TACC Landing TACC Landings TACC Landings TACC

1983* 91 - 53 - 0 - 1070 -

1984* 129 - 56 - 0 - 1375 -

1985* 169 - 70 - 0 - 1546 -

1986* 83 - 42 - 0 - 1409 -

1986-87 79 110 22 60 0 10 1422 2130

1987-88 78 126 44 72 0 10 1420 2 400

1988-89 66 131 32 72 0 10 1298 2501

1989-90 75 136 34 74 0 10 1527 2 666

1990-91 63 136 28 74 0 10 1752 2667

1991-92 57 136 25 74 0 10 1480 2722

1992-93 85 136 32 74 0 10 1777 2724

1993-94 67 95 21 74 0 10 13852 2 689

1994-95 113 95 24 74 0 10 2089 2 689

1995-96 65 70 31 74 0 10 2234 2 664

1996-97 71 70 38 74 0 10 2029 2 664

1997-98 60 70 15 74 0 10 2197 2 664

1998-99 52 70 35 74 0 10 2220 2 664

1999-00 28 70 30 74 0 10 2089 2 664

200001 26 70 22 74 0 10 2316 2 664

2001-02 30 70 17 74 0 10 2319 2 680

2002-03 39 70 13 74 0 10 2457 2 680

2003-04 45 70 10 74 0 10 2501 2 680

2004-05 44 50 7 74 0 10 2452 2 680

2005-06 50 70 20 74 0 10 2184 2 680

200607 69 70 34 74 0 10 2413 2 680

2007-08 59 70 22 74 0 10 2313 2 680

2008-09 58 70 18 74 0 10 2427 2 680

2009-10 59 70 16 74 0 10 2162 2 680

2010-11 51 70 16 74 0 10 2342 2 681

2011-12 54 70 10 34 0 10 2214 2332

2012-13 71 70 12 34 0 10 2215 2332

2013-14 58 70 12 34 0 10 2174 2332

201415 68 70 8 34 0 10 2198 2332

2015-16 60 70 4 34 0 10 2 096 2332

2016-17 65 70 5 34 0 10 2155 2332

201718 71 70 4 34 0 10 2049 2332

Table 4: Reported total New Zealand landings (t) of blue cod for the calendar years 1970 to 1983. Sources MAF and
FSU data.
Year Landings
1970 1022
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1971 644
1972 459
1973 846
1974 696
1975 356
1976 524
1977 383
1978 378
1979 437
1980 536
1981 696
1982 539
1983 1135
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Figure 1: Reported commercial landings and TACC for the five main BCO stocks. From top: BCO 3 (South East
Coast), and BCO 4 (South East Chatham Rise) [Continued on next page].
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Figure 1 (continued): Reported commercial landings and TACC for the five main BCO stocks. From top: BCO 5
(Southland), BCO 7 (Challenger), and BCO 8 (Central Egmont).

1.2 Recreational fisheries
Blue cod are generally the most important recreational finfish in Marlborough, Otago, Canterbury,

Southland and the Chatham Islands. Blue cod are taken predominantly by line fishing, but also by
longlining, set netting, potting and spearfishing. The current allowances within the TAC for each

Fishstock are shown in Table 1.
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1.2.1 Management controls

The main methods used to manage recreational harvests of blue cod are minimum legal size limits
(MLS), method restrictions and daily bag limits. Daily bag limits are specified as either blue cod specific
(DL) or a combined species limit (CDL). The main management controls have changed over time and
vary by Fishstock (Table 5). In addition there have been temporary and seasonal closures in the
Marlborough Sounds and several Fiordland Sounds.

Table 5: Changes to minimum legal size (MLS in cm), blue cod specific daily bag limit (DL) and combined species
daily bag limit (CDL) by Fishstock from 1986 to present. Slot = slot limit (legal size range). * DS =
Doubtful Sounds, TS = Thompson’s Sound, BS = Bradshaw Sound. ** C = inner sounds closed. #
excluding Challenger East. “bag limit of 6 inside Te Whaka i Te Wera Mataitai Reserve

Fishstock BCO1 BCO2 BCO3 BCO3 BCO3 BCO 4
Area South East North Kaikoura South East
Auckland Central (East (Otago) Canterbury Marine Area (Chatham Is.)
MLS CDL MLS CDL MLS CDL MLS DL MLS DL MLS CDL
1986 30 30 30 30 30 30 30 30 N/A N/A 30 30
1993 33 20 33 20 30 30 30 30 N/A N/A 30 30
1994 33 20 33 20 30 30 30 30 N/A N/A 30 30
2001 33 20 33 20 30 30 30 10 N/A N/A 30 30
2008 30 20 33 20 30 30 30 10 N/A N/A 30 30
2014 30 20 33 20 30 30 30 10 33 6 30 30
2017 30 20 33 20 30 30 30 10 33 6 30 30
Fishstock BCO5 BCO5 BCO 5 BCO5 BCO 7 BCO7

Area Southland & Fiordland
Fiordland Paterson Inlet internal (excl. Challenger Challenger East (incl.
(External) " DS, TS, BS*) DS, TS, BS* West & South Marlborough Sounds)
MLS CDL MLS DL MLS DL MLS DL MLS DL MLS DL
1986 30 30 30 30 33 20 33 20 30 30 30 12
1993 33 30 33 30 33 20 33 20 33 20 33 10
1994 33 30 33 15 33 20 33 20 33 20 28 6
2001 33 30 33 15 33 20 33 20 33 20 28 6
2003 33 30 33 15 33 20 33 20 33 20 30 3
2005 33 30 33 15 33 20 C* C* 33 20 30 3
2008 33 30 33 15 33 20 Cc* Cc* 33 20 C** C**
2011 33 30 33 15 33 20 Cc* Cc* 33 20 #SLOT 30-35 2
2014 33 20 33 15 33 20 Cc* Cc* 33 20 #SLOT 30-35 2
2015 33 20 33 15 33 3 33 1 33 20 33 2
2017 33 20 33 15 33 3 33 1 33 20 33 2
Fishstock BCO8 BCO10
Area Central (West) Kermadec

MLS DL MLS CDL

1986 30 30 30 30
1993 33 20 33 20
2014 33 10 33 20
2017 33 10 33 20

During 1992-93, the national minimum legal size (MLS) for blue cod increased from 30 cm to 33 cm
for both amateur and commercial fishers, with the exception of BCO 3 and BCO 4 (South East
management area). However, this was amended to 30 cm in 2008 for BCO 1, in response to a
management review of blue cod in the area. Additionally, the Marlborough Sounds Area (part of BCO
7) had several MLS amendments between 1993 and 2015 (including a closure in the inner sounds
followed by a slot limit of 30-35 cm in response to differing management approaches in the
Marlborough Sounds. In 2014, the Kaikoura Marine Area in BCO 3 was established and the MLS of
blue cod in this area was set at 33 cm.

The recreational daily bag limit (DL) has remained unchanged since 1993 in BCO 1, BCO 2, BCO 3
(South East Otago area), BCO 4, BCO 7 (Challenger West and South area) and BCO 10. In 2001, the
recreational daily bag limit (DL) was reduced to 10 in the North Canterbury area (BCO 3). In 2014,
the DL was set at 6 in the newly established Kaikoura Marine Area (BCO 3), and the DL was reduced
to 20 in Southland and the external waters of the Fiordland marine area (BCO 5). Preceding these
changes, the DL in Paterson’s Inlet (BCO 5) was reduced from 30 to 15 in 1994. In 2005, new
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commercial and recreational rules were introduced to the internal waters of the Fiordland Marine Area
and Doubtful Sound, Thompson’s Sound and Bradshaw Sound were closed to all blue cod fishing for
10 years. The closure was lifted in 2015 to recreational blue cod fishing and the new DL within
Doubtful Sound was set at 1. The DL for the Challenger East area (BCO 7) has reduced five-fold from
10 to 2 since 1993 in response to differing management regimes in the area. In 2014, the DL in BCO
8 was reduced from 20 to 10.

1.2.2 Estimates of recreational harvest

Recreational harvest estimates are given in Table 6. There are two broad approaches to estimating
recreational fisheries harvest: the use of onsite or access point methods where fishers are surveyed or
counted at the point of fishing or access to their fishing activity; and, offsite methods where some form
of post-event interview and/or diary are used to collect data from fishers.

The first estimates of recreational harvest for blue cod were calculated using an offsite approach, the
offsite regional telephone and diary survey approach: MAF Fisheries South (1991-92), Central (1992—
93) and North (1993-94) regions (Teirney et al 1997). Estimates for 1996 came from a national
telephone and diary survey (Bradford 1998). Another national telephone and diary survey was carried
out in 2000 (Boyd & Reilly 2002) and a rolling replacement of diarists in 2001 (Boyd et al 2004)
allowed estimates for a further year (population scaling ratios and mean weights were not re-estimated in
2001).

The harvest estimates provided by these telephone diary surveys are no longer considered reliable for
various reasons. With the early telephone/diary method, fishers were recruited to fill in diaries by way of
a telephone survey that also estimates the proportion of the population that is eligible (likely to fish). A
“soft refusal” bias in the eligibility proportion arises if interviewees who do not wish to co-operate
falsely state that they never fish. The proportion of eligible fishers in the population (and, hence, the
harvest) is thereby under-estimated. Pilot studies for the 2000 telephone/diary survey suggested that this
effect could occur when recreational fishing was established as the subject of the interview at the outset.
Another equally serious cause of bias in telephone/diary surveys was that diarists who did not
immediately record their day’s harvest after a trip sometimes overstated their harvest or the number of
trips made. There is some indirect evidence that this may have occurred in all the telephone/diary
surveys (Wright et al 2004).

The recreational harvest estimates provided by the 2000 and 2001 telephone diary surveys are thought to
be implausibly high, which led to the development of an alternative maximum count aerial-access onsite
method that provides a more direct means of estimating recreational harvests for suitable fisheries. The
maximum count aerial-access approach combines data collected concurrently from two sources: a creel
survey of recreational fishers returning to a subsample of ramps throughout the day; and an aerial survey
count of vessels observed to be fishing at the approximate time of peak fishing effort on the same day.
The ratio of the aerial count in a particular area to the number of interviewed parties who claimed to have
fished in that area at the time of the overflight was used to scale up harvests observed at surveyed ramps,
to estimate harvest taken by all fishers returning to all ramps. The methodology is further described by
Hartill et al (2007).

This aerial-access method was first employed, optimised for SNA, in the Hauraki Gulf in 2003—04. It
was then extended to survey the wider SNA 1 fishery in 2004—05 and to other areas (SNA 8) and other
species, including blue cod in BCO 7 in 2005-06 (Davey et al 2008). The estimates for BCO 7 in 2005—
06 are likely to be an underestimate due to less sampling coverage than planned for two key reasons.
Fewer flights occurred than planned for the outer Marlborough Sounds due to poor flying conditions
(low cloud), and sampling of harvest at boat ramps was not as complete as intended due to the higher
than anticipated proportion of fishers who departed and returned to a bach/crib within BCO 7, or
Wellington, without being intercepted at a boat ramp within BCO 7. A repeat aerial-access survey was
conducted in BCO 7 over the 2015-16 fishing year (Hartill et al 2017) and this was considered by the
Marine Amateur Fisheries Working Group to be more reliable than the initial survey. The recreational
harvest of from BCO 7 in 201516 was about half that in 2005-06 (Table 6), almost all of the decrease
being in the Marlborough Sounds.
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In response to the cost and scale challenges associated with onsite methods, in particular the difficulties
in sampling other than trailer boat fisheries, offsite approaches to estimating recreational fisheries harvest
have been revisited. This led to the implementation of a national panel survey during the 2011-12
fishing year. The panel survey used face-to-face interviews of a random sample of 30 390 New Zealand
households to recruit a panel of fishers and non-fishers for a full year. The panel members were
contacted regularly about their fishing activities and harvest information collected in standardised phone
interviews. The national panel survey was repeated during the 2017—18 fishing year using very similar
methods to produce directly comparable results (Wynne-Jones et al 2019). Recreational catch
estimates from the two national panel surveys are given in Table 6. Note that national panel survey
estimates do not include recreational harvest taken under s111 general approvals.

Table 6: Recreational harvest estimates for blue cod stocks. The telephone/diary surveys and aerial-access survey
ran from December to November but are denoted by the January calendar year. The national panel
surveys ran through October to September fishing years but are denoted by the January calendar year.
Mean fish weights were obtained from boat ramp surveys (for the telephone/diary and panel survey harvest

estimates).
Stock Year Method Number of fish Total weight (t) CvV
BCO 1 1996 Telephone/diary 34 000 17 0.11
2000 Telephone/diary 37000 23 0.31
2012 Panel survey 17 463 1 0.20
2018 Panel survey 13 276 6 0.18
BCO2 1996 Telephone/diary 145 000 81 0.13
2000 Telephone/diary 187 000 161 0.25
2012 Panel survey 53618 26 0.19
2018 Panel survey 48 140 28 0.26
BCO 3 1996 Telephone/diary 217 000 151 0.11
2000 Telephone/diary 1026 000 752 0.29
2012 Panel survey 212 184 101 0.20
2018 Panel survey 202 765 99 0.18
BCO 5 1996 Telephone/diary 171 000 139 0.12
2000 Telephone/diary 326 000 229 0.28
2012 Panel survey 72 328 44 0.24
2018 Panel survey 139 176 67 0.20
BCO 7 1996 Telephone/diary 356 000 239 0.09
2000 Telephone/diary 542 000 288 0.20
2006 Aerial-access - 149 0.16
2012 Panel survey 176 152 77 0.17
2016 Aerial-access - 75 0.15
2018 Panel survey 129 038 63 0.12
BCO 8 1996 Telephone/diary 159 000 79 0.12
2000 Telephone/diary 232 000 188 0.32
2012 Panel survey 88 980 48 0.36
2018 Panel survey 62 539 31 0.20

1.2.3 Charter vessel harvest

The national marine diary survey of recreational fishing from charter vessels in 1997-98 found blue
cod to be the second most frequently landed species nationally and the most frequently landed species
in the South Island. Results indicated that recreational harvests from charter vessels (Table 7) follow
the same pattern as overall recreational harvest (Table 6). The estimated recreational harvests from
charter vessels in BCO 7 exceeded the 1997-98 TACC and the commercial landings in QMA 7.

1.3 Customary non-commercial fisheries

No quantitative data on historical or current blue cod customary non-commercial catch are available.
However, bones found in middens show that blue cod was a significant species in the traditional
Maori take of pre-European times.
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1.4 Illegal catch
No quantitative data on the levels of illegal blue cod catch are available.

Table 7: Results of a national marine diary survey of recreational fishers from charter vessels, 1997-98 (November 1997
to October 1998).*

Fishstock Number Cv Estimated landings Point

caught (number of fish killed)  Estimate (t)
BCO 1 430 0.18 2500 2.4
BCO2 34 0.50 300 0.2
BCO3 17272 0.29 72 000 58
BCOS5 16 750 0.36 63 000 51
BCO7 32026 0.13 110 000 76
BCO 8 2 - 0

*Estimated number of blue cod harvested by recreational fishers on charter vessels by Fishstock and the corresponding harvest tonnage. The mean
weights used to convert numbers to harvest weight were considered the best available at the time (James & Unwin 2000).

1.5 Other sources of mortality

Blue cod have in the past been used for bait within the rock lobster fishery. Pots are either set
specifically to target blue cod or have a bycatch of blue cod that is used for bait. However, these fish
are frequently not recorded and the quantity of blue cod used as bait cannot be accurately determined.

Cod pots covered in 38 mm mesh frequently catch undersized blue cod. It has been estimated that in
Southland, 65% of blue cod caught in these pots are less than 33 cm. When returned, the mortality of
these fish can be high due to predation by mollymawks following commercial boats. It is estimated by
the fishing industry that up to 50% of returned fish can be taken. To reduce the problem of predation
of returned undersized fish, a minimum 48 mm mesh size was introduced to BCO 5 in 1994.
However, no mesh size restrictions exist in any other area.

Recreational line fishing often results in the harvest of undersized blue cod. The survival of these has
been shown to be a factor of hook size. A small scale experiment showed that returned undersized fish
caught with small hooks (size 1/0) experience 25% mortality, whereas those caught with large hooks
(size 6/0) appear to have little or no mortality (Carbines 1999).

2. BIOLOGY

Blue cod is a bottom-dwelling species endemic to New Zealand. Although distributed throughout
New Zealand near foul ground to a depth of 150 m, they are more abundant south of Cook Strait and
around the Chatham Islands. Growth may be influenced by a range of factors, including sex, habitat
quality and fishing pressure relative to location (Carbines 2004a). Size-at-sexual maturity also varies
according to location. In Northland, maturity is reached at 10-19 cm total length (TL) at an age of 2
years, whilst in the Marlborough Sounds it is reached at 21-26 cm (TL) at 3—6 years. In Southland,
the fish become mature at 26-28 cm (TL), at an age of 4-5 years. Blue cod have also been shown to
be protogynous hermaphrodites, with individuals over a large length range changing sex from female
to male (Carbines 1998). Validated age estimates using otoliths have shown that blue cod males grow
faster and are larger than females (Walsh 2017). The maximum recorded age for this species is about
32 years.

M was estimated using the equation M = log.100/maximum age, where maximum age is the age to
which 1% of the population survives in an unfished stock. Using the maximum age of 32 years,
(Carbines et al 2007) M was calculated to be 0.14. This estimate seems feasible as in lightly fished
areas such as the offshore Banks Peninsula Z is thought to approximate M and was calculated at 0.14
to 0.15 (Beentjes 2012).

Blue cod have an annual reproductive cycle with an extended spawning season during late winter and
spring. Spawning has been reported within inshore and mid-shelf waters. It is also likely that
spawning occurs in outer-shelf waters. Ripe blue cod are also found in all areas fished commercially
by blue cod fishers during the spawning season. Batch fecundity was estimated by Beer et al (2013).
Eggs are pelagic for about five days after spawning, and the larvae are pelagic for about five more
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days before settling onto the seabed. Juveniles (less than about 10 cm TL) are not caught by
commercial potting or lining, and therefore blue cod are not vulnerable to the main commercial
fishing methods until they are mature. Recreational methods do catch juveniles, but since this species
does not have a swim bladder, the survival of these fish is good if they are caught using large hooks
(6/0)(which do not result in gut hooking) and returned to the sea quickly (Carbines 1999).

Tagging experiments carried out in the Marlborough Sounds in the 1940s and 1970s suggested that
most blue cod remained in the same area for extended periods. A more recent tagging experiment
carried out in Foveaux Strait (Carbines 2001) showed that although some blue cod moved as far as
156 km, 60% travelled less than 1 km. A similar pattern was found in Dusky Sound where four fish
moved over 20 km but 65% had moved less than 1 km (Carbines & McKenzie 2004). The larger
movements observed during this study were generally eastwards into the fiord. The inner half of the
fiord was found to drain the outer strata and had 100% residency.

Biological parameters relevant to stock assessment are shown in Table 8.

Table 8: Estimates of biological parameters for blue cod. These estimates are survey specific and reflect varying
exploitation histories and environmental conditions. Only von Bertalanffy growth parameters derived from
otoliths aged using the Age Determination Protocol for Blue Cod (Walsh 2017) are included in this table.

1. Natural mortality (M)

All

0.14 Estimated from the maximum age in Carbines et al
(2007). using Hoenig’s (1983) method.

2. Von Bertalanffy growth parameters

Females Males
Survey/year L. K to Lo k to
Dusky Sound (2014) 46.7 0.129 -1.8 50.3 0.222 0.638 Beentjes & Page (2016)
Kaikoura (2015) 40.7 0.174 -1.12 52.3 0.171 -0.27 Beentjes & Page (2017)
Banks Peninsula (2016) 50.2 0.116 -2.07 58.7 0.134 -1.21 Beentjes & Fenwick (2017)
Marlborough Sounds (2017) 322 0.52 0.83 39.9 0.37 0.69 Beentjes et al (2018)

3. Weight = a(length)® (Weight in g, length in cm total length).

Area a b R?

Kaikoura 2011 Male 0.011793 3.09246 0.97 Carbines & Haist (2012b)
2011 Female 0.007042 3.23949 0.95

Motunau 2012 Male 0.01490 3.03796 0.98 Carbines & Haist (2012b)
2012 Female 0.01384 3.05982 0.97

Banks Peninsula 2012 Male 0.019138 2.98181 0.98 Carbines & Haist (2012a)
2012 Female 0.016939 3.02644 0.96

North Otago 2013 Male 0.01093 3.10941 0.98 Carbines & Haist (2014b)
2013 Female 0.012023 3.09201 0.97

South Otago 2013 Male 0.008472 3.19011 0.99 Carbines & Haist (2014c)
2013 Female 0.008617 3.1863 0.99

Fiordland 2002 Male 0.007825 3.1727 0.97 Carbines & Beentjes (2003)

(Dusky Sound) 2002 Female 0.00506 3.2988 0.98

Stewart Island 2010 Male 0.00663 3.2469 0.98 Carbines & Haist (2014a)

(Paterson Inlet) 2010 Female 0.00663 3.2469 0.98

The preliminary results of a mitochondrial DNA analysis (Smith 2012) suggest that the Chatham
Island blue cod are likely to be genetically distinct from mainland New Zealand. Over larger distances
the mainland New Zealand blue cod appear to show a pattern of Isolation-by-Distance or continuous
genetic change among populations.
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3. STOCKS AND AREAS

The FMAs are used as a basis for Fishstocks, except FMAs 5 and 6, and FMAs 1 and 9, which have
been combined. The choice of these boundaries was based on a general review of the distribution and
relative abundance of blue cod within the fishery.

There are no data that would alter the current stock boundaries. However, tagging experiments
suggest that blue cod populations may be geographically isolated from each other, and there may be
several distinct populations within each management area (particularly those occurring in sounds and
inlets).

4. STOCK ASSESSMENT
4.1 Estimates of fishery parameters and abundance

4.1.1 South Island blue cod potting surveys

Potting surveys are used to monitor blue cod populations supporting nine important recreational
fisheries around the South Island (Figure 2). Surveys are generally carried out every four years and
are used to monitor relative abundance, size, age, and sex structure of the nine geographically separate
blue cod populations. The surveys also provide an estimate of fishing mortality (F), and associated
Spawner-per-recruit ratios.

4200 S
L aikoura -
4400 S )
Banks Peninsula
Dusky Sound

® Foveaux Strait
Paterson Inlet

17000 E 17400 E

Figure 2: Map showing the Nine South Island blue cod potting survey locations.
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Marlborough Sounds

In 1995, a fishery independent survey using standardised cod pots at fixed stations provided catch rate
estimates for recruited blue cod in Queen Charlotte Sound and outer Pelorus Sound. In 1996 a second
potting survey covered all of Pelorus Sound as well as the east coast of D’Urville Island (Blackwell
1997, 1998). A 2001 survey (Blackwell 2002) included Queen Charlotte Sound, Pelorus Sound, and
east D’Urville, and a survey in 2004 covered the same areas as 2001 but was expanded to include
west D’Urville and Separation Point (Blackwell 2005). In 2007, the surveyed area was the same as
2004 except that Separation Point was dropped. In 2008 a standalone survey of a Cook Strait stratum
was carried out and in 2010 the Cook Strait stratum was added to the surveyed area along with those
strata used in 2007 (Beentjes & Carbines 2012). A new survey in 2013 used the same strata as 2010
(Beentjes et al 2014). The 2001 to 2008 surveys were reanalysed as part of the 2010 survey so that
they were consistent with methods used for recent surveys (Beentjes & Carbines 2012). The 1995 and
1996 surveys, similarly, have been reanalysed as part of the 2013 survey analyses (Beentjes et al
2014). All surveys before 2010 used fixed sites which were selected randomly from a wider list of
fixed sites within a given stratum. These fixed locations are available to be used repeatedly on
subsequent surveys in that area (Beentjes & Francis 2011). In 2010, experimental random sites were
trialled in selected strata. Random sites may have any location (single latitude and longitude) and are
generated randomly within each stratum. In 2013 and 2017 (Beentjes et al 2017, Beentjes et al 2018),
full random and full fixed site surveys were conducted concurrently. Of the three random-site surveys
only the last two are (2013 and 2017) are comparable.

Throughout the fixed-site surveys, catch rates of total blue cod (all sizes) have tended to be highest
around D’Urville Island, lowest in Cook Strait, and similar between Queen Charlotte Sound and
Pelorus Sound (Figure 3, Table 9). In Queen Charlotte Sound catch rates progressively declined from
2.1to 1.1 kg.pot! (CVs range 16 to 26%) between 1995 and 2007 before increasing markedly in 2010
to 1.75 kg.pot' (Figure 3). From October 2008 to April 2011, the inner Sounds were closed to
recreational blue cod fishing and the 2010 potting survey increased abundance in Queen Charlotte
Sound is attributed to the closure. In Pelorus Sound, total blue cod catch rates declined from 2.4 to 1.1
kg.pot! (CVs range 7 to 19%) over the same period, before increasing again in 2010, to 2.9 kg.pot™
(Figure 3). Pelorus Sound showed a similar trend in catch rates to Queen Charlotte Sound, dropping
markedly from 1996 to 2007 and increasing again in 2010 after two years of closure. In April 2011, a
seasonal opening with a “slot” limit (which allowed the take of blue cod between 30 and 35 cm) was
introduced for the Marlborough Sounds Management Area, an area that includes inner and outer
Queen Charlotte and Pelorus Sounds and east D’Urville. The 2013 survey was carried out two years
after the slot limit had been in place, with total blue cod catch rates for both Queen Charlotte and
Pelorus Sounds declining compared to 2010, but remaining higher than 2001 to 2007 for Pelorus
Sound when the fishery was open, and about the same magnitude as pre-closure for Queen Charlotte
Sound (Figure 3). In the D’Urville Island strata, which have been fished continuously over the same
period, catch rates for total blue cod between 2004 and 2013 have been stable, ranging from 3.9 to
4.44 kg.pot' (CVs range 8 to 18%) (Figure 3). D’Urville was not closed to fishing in October 2008,
but the east side of the island was included in the management area where the “slot limit” has been
applicable since April 2011. Cook Strait has three comparable random-site surveys (2010, 2013 and
2017) with the first survey in 2008 being a fixed-site survey which was not comparable. Total blue
cod catch rates from the Cook Strait random surveys ranged from 0.7 — 1.1 kg.pot”! with no trend
(Table 9). There were no closures or slot limit management measures for Cook Strait. The proportion
of the total biomass within the “slot limit” (30-35 c¢m) in 2013 was 45%, 49% and 49% for QCH,
PEL, and DUR regions respectively, while proportions of biomass above the slot limit were 26%,
25% and 22%, respectively. Sex ratios have been dominated by males in all regions over all surveys
(Table 9). The 2017 survey took place 2 years after the slot-limit was removed and in the
Marlborough Sounds Area the MLS was increased to 33 cm. In 2017, catch rates from the fixed-site
survey in Queen Charlotte Sound were similar to those in 2013, in Pelorus Sound they were similar to
2010, and in D’Urville Island they were about 40% higher than in 2013 (Figure 3, Table 9). The
random site surveys in 2013 and 2017 generally have lower catch rates than fixed-site surveys and
although the patterns among strata in each region are similar, they do not show the same overall
trends as fixed sites by region (Table 9, Figure 3). In Queen Charlotte Sound survey biomass
increased markedly, whereas for Pelorus Sound and D’Urville Island there are no significant changes.
Cook Strait random-site catch rates show no significant difference from 2010 to 2017. The overall
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Marlborough Sounds catch rates from 2004 onward (where survey strata are consistent among
surveys) indicates that blue cod were more abundant in 2017 than any of the previous years (Figure
3). It is the intention to transition to random-site surveys and conducting both fixed and random site
surveys allows comparison of catch rates, length and age composition, and sex ratios between survey
designs in the interim. The next survey in the time series will use only a random site design.

A random-site survey of Long Island Marine Reserve in 2017, in which all fish were returned alive
(unsexed), had mean catch rates of all blue cod of 8.76 kg.pot” (CV of 15%), substantially higher than
adjacent fished strata in Queen Charlotte Sound (Table 9). In addition, the mean size was 3.2 cm
greater in the marine reserve and length-frequency distributions were bimodal in contrast to the
unimodal distributions from adjacent strata in Queen Charlotte Sound.

Growth rates and age compositions were similar for 2013 and 2017. Fixed-site survey Chapman
Robson total mortality estimates (Z) for age at recruitment of 6 years were very close at 0.51 in 2013
and 0.53 in 2017 (Table 10). Spawner-per-recruit ratios (Fspre;), however, differed substantially and
were 25% in 2013 and 39% in 2017 (The Fisheries New Zealand target is Fasse). The difference was
primarily a result of having different selectivity ages to the fishery because the MLS increased from
30 cm in 2013 to 33 cm in 2017, and hence these ratios cannot be validly compared. Similarly,
random-site survey CR total mortality estimates (Z) for age at recruitment of 6 years were very close
at 0.46 in 2013 and 0.52 in 2017 (Table 10). Spawner-per-recruit ratio (Fsprw), also, differed
substantially and were 27% in 2013 and 39% in 2017 for the same reasons.

Banks Peninsula

There have been five fixed site blue cod potting surveys off Banks Peninsula (2002, 2005, 2008,
2012, and 2016), split into geographically separate inshore and offshore areas (Beentjes & Carbines
2003, 2006, 2009; Carbines & Haist 2017; Beentjes & Fenwick 2017). In 2012 and 2016 concurrent
random site potting surveys were also carried out and these are intended to replace fixed site surveys
as the random surveys provide a more reliable indicator of stock status.

The most recent fixed site inshore survey in 2016 recorded catch rates of 1.26 kg.pot” (CV 12%), a
sex ratio of 67% male, estimated fishing mortality (F) of 1.73 and associated spawner-per-recruit ratio
of 4.7% (Table 11). Corresponding values for the 2016 inshore random site survey were 0.53 kg.pot™
(CV 22%), 81% male, F = 2.1 and a spawner-per-recruit ratio of 4.3%. For both fixed and random site
surveys, the level of exploitation of Banks Peninsula inshore blue cod stocks in 2016 greatly exceeded
the Fisheries New Zealand Fusy target reference point of Faswspr. The very high estimate of total
mortality, truncated age composition, strongly skewed sex ratio toward males and extremely low
spawner-per-recruit ratio, indicates that the Banks Peninsula inshore blue cod population is heavily
overfished. Further, as nearly all females and most males currently caught will be of sub-legal size
(less than 30 cm), there is also likely to be significant mortality through catch and return of undersize
fish. For the five inshore fixed site surveys there were no trends in survey abundance, length
distribution, mean length, or sex ratio. A strong juvenile mode in 2016 can be expected to contribute
to increased abundance in about three years when these blue cod recruit to the fishery at 30 cm.

The most recent fixed site offshore survey in 2016 had catch rates of 5.6 kg.pot™! (CV 14%), sex ratio
of 65% male, estimated fishing mortality (F) of 0.12 and associated spawner-per-recruit ratio of
40.7% (Table 11). Corresponding values for the 2016 offshore random site survey values were 5.08
kg.pot! (CV 19%), 57% male, F=0.05 and a spawner-per-recruit ratio of 64.3%. For both fixed and
random site surveys the level of exploitation (F) of Banks Peninsula offshore blue cod stocks in 2016
is close to or less than the Fisheries New Zealand Fusy target reference point of Fasespr. The offshore
blue cod population, in contrast to inshore, have high catch rates, a wide size range of both males and
females, a more balanced sex ratio, and spawner-per-recruit ratio above the target, indicating that they
are not overfished. For the five offshore fixed site surveys there were no trends in survey abundance,
length distribution, mean length, or sex ratio.
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Marlborough Sounds surveys
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Figure 3: Marlborough Sounds fixed-site and random-site potting survey catch rates of all blue cod by
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survey year for each region and overall for the Marlborough Sounds. Error bars are 95%
confidence intervals. There were no complete fixed-site surveys in QCH in 1996, PEL in 1996,
and DUR from 1995 to 2001. For the overall Marlborough Sounds plot, the 2004 and 2007 fixed-
site surveys exclude Separation Point, and the random-site surveys exclude Cook Strait, hence
the strata are consistent among the surveys for fixed and random site surveys.
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Table 9: Summary statistics from standardised blue cod fixed-site and random-site potting surveys in the
Marlborough Sounds up to 2017 by region. Mean length and sex ratios are derived from the scaled
population length distributions. Results for each region are shown only for surveys where strata have
remained the same throughout the time series and results are for all blue cod. For the overall Marlborough
Sounds (All MS), the 2004 and 2007 fixed-site surveys exclude Separation Point, and the random-site
surveys exclude Cook Strait, hence the strata are consistent among the surveys for fixed and random site
surveys. QCH, Queen Charlotte Sound; PEL, Pelorus Sound; DUR, D’Urville; CKST, Cook Strait; LIMR,
Long Island Marine Reserve, MS all , all Marlborough Sounds

Region/strat

QCH

QCH/LIMR

PEL

DUR

CKST

All MS

Year

1995
1996
2001
2004
2007
2010
2013

2017

2017

1995
1996
2001
2004
2007
2010
2013

2017

1995
1996
2001
2004
2007
2010
2013

2017

2008
2010
2013
2017

2004
2007
2010
2013

2017

Site type

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Random
Fixed
Random

Random

Fixed
Fixed
Fixed
Fixed
Fixed
Fixed
Random
Fixed
Random

Fixed
Fixed
Fixed
Fixed
Random
Fixed
Random

Fixed
Random
Random
Random

Fixed
Fixed
Fixed
Fixed
Random
Fixed
Random

Mean length (cm)

CPUE (kg.pot™)

Male Female
31.0 28.0
28.5 243
27.9 24.2
29.8 25.7
332 29.0
31.7 29.8
32.1 30.3
322 29.6
32,5 30.7
29.8 26.2
27.8 222
28.2 23.5
29.2 24.5
32.8 28.3
31.3 27.2
333 30.1
32.0 29.5
324 29.8
30.7 27.8
322 29.5
31.3 28.7
31.7 29.4
32.8 29.9
329 30.6
32.6 30.6
31.9 26.4
30.5 25.6
31.7 28.4
323 28.2
29.1 259
30.7 27.2
32.5 28.7
31.5 29.1
329 30.0
32.4 30.2
32.5 30.6

unsexed

Overall

2.1
1.33
1.16
1.09
2.09

1.0
0.49
0.86
1.04

8.76

2.4
0.67
0.96
1.07

29
1.95
1.18
3.20
0.90

423
4.15
3.82
3.88
231
6.52
3.59

1.50
1.06
0.70
1.10

1.92
1.81
2.83
2.68
1.20
3.15
1.59

range (CV)

0.74-2.91 (12%)
0.58-1.69(12%)
0.35-2.01(22%)
0-2.60(15%)
0.60-2.56(18%)
0.32-1.12 (18%)
0.22-1.07 (27%)
0.18-1.95 (27.3%)
0.11-1.94 (15%)

8.76 (14%)

1.0-3.3 (7%)
0.19-1.46(12%)
0.20-2.70(11%)
0.28-3.24(11%)

1.6-3.86(13%)
3.3-4.94(15%)
0.18-3.96 (12%)
0.11-10.1 (17%)
0.07-2.77 (23%)

3.75-4.67(11%)
2.92-5.49(10%)
2.15-5.64(8%)
3.37-4.44(18%)
1.42-3.28(43%)
4.5-8.7 (15%)
2.9-4.3 (24%)

0.30-4.20(15%)
0.11-1.74(22%)
0.14-1.62(12%)
0.08-2.67(28%)

0.37-4.67 (8%)
0-5.48 (7%)
0.60-5.64 (7%)
0.31-4.44 (10%)
0.22-3.96 (21%)
0.11-8.73 (10%)
0.06-4.32 (14%)

Sex ratio (% male)

59%
61%
51%
69%
1%
62%
66%
72%
73%

70%
64%
66%
77%
87%
89%
77%
86%
90%

50%
71%
64%
70%
57%
61%
65%

88%
84%
83%
87%

54
72
75
76
66
72
72
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Table 10: Mortality parameters (Z, F and M) and spawner-per-recruit (Fspry) estimates for blue cod
from the 2013 and 2017 Marlborough Sounds fixed-site and random-site potting surveys for all
regions combined. F, fishing mortality; M, natural mortality; Z, total mortality; Age at
recruitment = 6 years equivalent to age at which females reach MLS of 30 cm in 2013, and males
and females combined reach MLS of 33 cm in 2017. Otoliths from both surveys were aged using
the Age Determination Protocol for blue cod (Walsh 2017). CIs, 95% confidence intervals.

Survey Region Site type M Z (CIs) F Foser
2013 All regions combined Fixed 0.14 0.56 (0.40-0.74) 0.42 Fas 5%
2017 0.14 0.53 (0.38-0.72) 0.39 Fao.0%
2013 All regions combined Random 0.14 0.53 (0.38-70 0.39 Fa67%
2017 0.14 0.52 (0.37-0.69) 0.38 Fao.4%

North Canterbury

Kaikoura

There have been four fixed site blue cod potting surveys off Kaikoura (2004, 2007, 2011, and 2015),
(Carbines & Beentjes 2006a, 2009; Carbines & Haist 2018a; Beentjes & Page 2017). In 2011 and
2015 concurrent random-site potting surveys were also carried out and these are intended to replace
fixed- site surveys. Subsequently a solely random site survey was carried out in 2017, earlier than the
standard four-year cycle, to assess the impact of the November 2016 earthquake (Beentjes & Page
2018). Random surveys provide a more reliable indicator of stock status and will be used in future.

The most recent random-site survey in 2017 recorded catch rates of 1.9 kg.pot” (CV 16%), sex ratio
of 45% male, and mean lengths of 28.4 cm and 28.6 cm for males and females respectively (Table
11). For the four fixed site surveys, catch rates increased nearly two-fold from 2004 to 2007, and then
declined in both 2011 and 2015, with catch rates from the last the lowest of all four surveys (Table 11,
Figure 4). For the three random site surveys there was no trend in relative abundance. The sex ratio
for all blue cod was close to parity for all surveys (fixed and random), with the exception of the 2015
fixed-site survey where two-thirds of the blue cod were male (Table 11). Ageing is currently only
valid for the 2015 and 2017 surveys (i.e., compliant with the blue cod age determination protocol,
Walsh 2017). Strong age classes at three and five years were apparent in 2017 for both sexes, and
progression of age classes from 2015 to 2017 was evident. Length frequency distributions and mean
lengths were similar among the three random-site surveys with any differences due to the strong
recruitment of mainly juvenile male blue cod in 2015, progressing through to strong modes in 2017 .
In 2015 the random-site survey spawner-biomass-per-recruit ratio was 58% indicating that the level of
exploitation (F) of Kaikoura blue cod stocks was below the Fusy target reference point of Fasespr, in
2017 (underexploited) (Table 11). However, in 2017 the random-site survey spawner-biomass-per-
recruit ratio was 34%, indicating that the level of exploitation (F) of Kaikoura blue cod stocks was
above the Fusy target reference point of Fasespr, in 2017 (over-exploited). .

Motunau

There have been four fixed site blue cod potting surveys off Motunau (2005, 2008, 2012, and 2016),
(Carbines & Beentjes 2006a, 2009; Carbines & Haist 2018a; Beentjes & Sutton 2017). In 2012 and
2016 concurrent random site potting surveys were also carried out and these are intended to replace
fixed site surveys in the future as the random surveys provide a more reliable indicator of stock status.

The most recent fixed site survey in 2016 had catch rates of 3.3 kg.pot” (CV 13%), sex ratio of 76%
male, estimated fishing mortality (F) of 0.62 and associated spawner-per-recruit ratio of 19% (Table
11). Corresponding values for 2016 random site survey were 2.5 kg.pot! (CV 27%), 76% male, F =
0.61, and a spawner-per-recruit ratio of 19.2%. For both fixed and random site surveys, the level of
exploitation of Motunau blue cod stocks in 2016 was greater than the Fisheries New Zealand Fusy
target reference point of Fasospr.
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Kaikoura fixed and random site surveys
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Figure 4: Kaikoura fixed-site and random-site potting survey catch rates of all blue cod by survey year.
Error bars are 95% confidence intervals.

For the four fixed site surveys, catch rates decreased markedly in 2008 and then again in 2016 with a
three-fold decline between 2005 and 2016 (Table 11). Overall blue cod mean size steadily declined
from 2005 to 2016, with the biggest decreases in 2016. The sex ratio for all blue cod was around 75%
male for all fixed site surveys with no trend. A strong juvenile mode in 2015 can be expected to
contribute to increased abundance in about three to four years when these blue cod recruit to the
fishery at 30 cm. Blue cod abundance and mean size off Motunau has declined and spatial
distribution contracted over the eleven years from 2005 to 2016. The very high estimate of total
mortality, truncated age composition, strongly skewed sex ratio toward males, and a spawner-per-
recruit ratio less than half the target indicates that the blue cod population off Motunau was over-
exploited in 2016. Further, as nearly all females and most males currently caught will be of sub-legal
size (less than 30 cm), there is also likely to be significant mortality through catch and return of
undersize fish.

North Otago

There have been four fixed-site blue cod potting surveys (2005, 2009, 2013, and 2018), and two
random-site surveys off north Otago (2013 and 2018) (Beentjes & Fenwick 2019a). Random-site
potting surveys are intended to replace fixed-site surveys, because provide a more reliable indicator of
abundance. The most recent random-site survey in 2018 recorded catch rates of 2.35 kg.pot”’ (CV
18%), sex ratio of 87% male, and mean lengths of 30.2 cm and 26.7 cm for males and females
respectively (Table 12, Figure 5).

For the four fixed site-surveys, catch rate was similar in 2005 and 2009, but in 2013 there was a
decline with no overlap in the confidence intervals, and catch rates remained low in 2018. (Table 12,
Figure 5). There are only two random-site surveys in the time series, but relative abundance showed a
similar decline between 2013 and 2018 with no overlap in the confidence intervals. The sex ratio for
all fixed-site surveys was 72—-76% male for all blue cod with no trend, and 75-87% for the two
random sites (Table 12). A preponderance of males is thought indicate high fishing intensity. The
fixed-site scaled length frequency distribution shapes were similar for the 2005 and 2009, but changed
in 2013 and again in 2018 with the latter having relatively fewer larger fish than earlier surveys. For
the two random-site surveys the length frequency distributions were similar between years, but overall
blue cod were slightly smaller in 2018 than 2013. Ageing is currently only valid for the 2018 survey
(i.e., compliant with the blue cod age determination protocol, Walsh 2017) and showed strong modes
at three, five and eight years for both sexes, but particularly for males. The 2018 random-site survey
spawner-biomass-per-recruit ratio was 23%, indicating that the level of exploitation (F) of north
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Otago blue cod stocks was above the Fusy target reference point of Fasyspr, in 2018 (over-exploited)
(Table 12).

North Otago fixed and random site surveys
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Figure 5: North Otago fixed-site and random-site potting survey catch rates of all blue cod by survey
year. Error bars are 95% confidence intervals. Surveys after 2005 include a new stratum
(stratum 6).

South Otago

There have been one fixed-site blue cod potting survey (2010), and three random-site surveys off
south Otago (2010, 2013 and 2018) (Beentjes & Fenwick 2019b). The random-site surveys in 2013
and 2018 replaced fixed-site surveys. Random surveys provide a more reliable indicator of stock
status and will be used solely in future south Otago. The first survey in 2010 was designed to compare
fixed and random-site potting survey designs and used only three of the six strata (Beentjes &
Carbines 2011), with catch rates in fixed sites double that from random sites (Table 12, Figure 6). The
most recent random-site survey in 2018 had catch rates of 1.52 kg.pot”! (CV 28%), a sex ratio of 68%
male, and mean lengths of 29.0 cm and 24.9 cm for males and females, respectively (Table 12, Figure
6). There was a four-fold drop in catch rates between 2013 and 2018 random-site full strata surveys
with no overlap in the confidence intervals, and this was largely mirrored in the three strata survey.

The sex ratio has varied from 60—70% male with no trend (Table 12) — a preponderance of males
indicating high fishing pressure. The scaled length frequency distribution shapes for the random-site
full strata surveys differed with 2013 having a strong juvenile mode and relatively more larger fish
than 2018. Ageing is currently only valid for the 2018 survey (i.e., compliant with the blue cod age
determination protocol, Walsh 2017) and showed strong modes at three, five and eight years for both
sexes, but particularly for males. This age structure mirrored that in north Otago in 2018. The 2018
random-site survey spawner-biomass-per-recruit ratio was 25%, indicating that the level of
exploitation (F) of south Otago blue cod stocks was above the Fusy target reference point of Fasyspr,
in 2018 (over-exploited) (Table 12).

Foveaux Strait

There have been three random-site surveys in Foveaux Strait (2010, 2014, and 2018) (Beentjes et al
2019). The most recent random-site survey in 2018 had catch rates of 5.66 kg.pot' (CV 20%), sex
ratio of 51% male, and mean lengths of 30.6 cm and 28.4 cm for males and females respectively
(Table 13, Figure 7). There is no clear trend in catch rates over the time series. Catch rates in Foveaux
Strait, as of 2018, are the highest of all South Island surveys.
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South Otago surveys
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Figure 6: South Otago fixed-site and random-site potting survey catch rates of all blue cod by survey
year. Error bars are 95% confidence intervals. The 2010 survey used three strata, and
subsequent surveys used 6 strata. Catch rates are also show for the three strata used in 2010 for
the random-site surveys.
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Figure 7: Foveaux Strait random-site potting survey catch rates of all blue cod by survey year. Error
bars are 95% confidence intervals.

The sex ratio has varied from 47-51% male with no trend (Table 13). The scaled length frequency
distributions and mean length of all blue cod were remarkably similar for all three surveys. Ageing is
valid for all three surveys (i.e., compliant with the blue cod age determination protocol, Walsh 2017).
The age structure of both males and females was generally similar among the three surveys with
minor differences in the strength of some cohorts. The spawner-biomass-per-recruit ratios were 27%,
28%, and 22%, for 2010, 2014 and 2018 respectively, indicating that the level of exploitation (F) of
Foveaux Strait blue cod stocks was above the Fusy target reference point of Fasyspr, in all three
surveys (over-exploited) (Table 13). However, a cautious approach should be taken in interpreting
SPR estimates when so few age classes are included in the recruited population.
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Paterson Inlet

A fixed site potting survey of blue cod in Paterson Inlet (BCO 5) in 2006 produced an overall mean
catch rate for all blue cod of 4.77 kg/pot and CV of 11.9% (set based estimates excluding the marine
reserve). The catch rate of blue cod > 33cm (minimum legal size), was 2.91 kg/pot hour (CV =
12.3%). In 2010 the fixed site survey was repeated along with a concurrent random stratified site
survey (Carbines & Haist 2014a). The overall mean catch rate for all blue cod was 4.21 kg/pot and
CV of 11.1% from fixed sites, and 0.82 kg/pot and CV of 24.2% from random stratified sites. The
overall mean catch rate for > 33cm blue cod was 3.08 kg/pot and CV of 11.3% from fixed sites, and
0.4 kg/pot and CV of 23.4% from random stratified sites. In 2014 the concurrent fixed site and
random stratified site surveys were repeated (Carbines & Haist 2016b). The overall mean catch rate
for all blue cod was 4.83 kg/pot and CV of 12.9% from fixed sites, and 1.94 kg/pot and CV of 19.87%
from random stratified sites. The overall mean catch rate for > 33cm blue cod was 2.89 kg/pot and CV
of 13.35% from fixed sites, and 1.04 kg/pot and CV of 19.67% from random stratified sites. The fixed
site time series from 2006 to 2016 showed extremely stable catch rates in all strata, whereas the
random stratified sites overall catch rate had more than doubled from 2010 to 2016. These results
suggest that fixed-site catch-rates are hyper stable, and therefore not suited to monitoring blue cod
population changes in Paterson Inlet.

Dusky Sound

Three blue cod potting surveys have been carried out in the Dusky Sound. The surveys in 2002 and
2008 were both fixed-site surveys, whereas in 2014, independent fixed-site and random-site surveys
were carried out concurrently.

In 2002 the overall mean catch rates for all blue cod from fixed sites were 2.65 kg.pot! (CV = 9.2%)
and 1.81 kg.pot” for recruited blue cod > 33 cm (CV = 8.7%). Catch rates were highest on the open
coast (i.e., at the entrance to the Sound; Carbines & Beentjes 2003). The 2008 fixed site survey catch
rates were 4.2 kg.pot” (CV = 5.8%) for all blue cod and 3.15 kg.pot™ (CV = 5.9%) for recruited blue
cod, considerably higher than in 2002 and again highest catch rates were in the open coast stratum
(Carbines & Beentjes 2011a). In 2014 the fixed site catch rates had declined to 3.22 kg.pot! (CV
=11.9%) and 2.35 kg.pot! (CV=11.9%), respectively, with highest catch rates on the open coast. The
2014 random site catch rates were less than from fixed sites and were 2.61 kg.pot™ (CV =8.6%) for all
blue cod and 1.92 kg.pot™ (CV=9.6%) for recruited blue cod, also with catch rates highest on the open
coast (Beentjes & Page 2017). Overall scaled length and age distributions were similar between the
fixed and random site surveys but the sex ratio favoured females in fixed sites (39% male) and was
close to parity in random sites (52% male). Fixed site surveys may not be suitable for monitoring the
Dusky Sound blue cod population, but at least one more dual fixed and random site survey is required
before moving exclusively to random site surveys.

Total mortality (Z) for blue cod from the 2014 random site survey was estimated at 0.25 with
Spawner Biomass per Recruit (full recruitment at 8 years for females) estimated at Fioy, Mortality
estimates from the 2002 and 2008 surveys should not be used due to a recent change in the age
determination protocol for blue cod.

Trawl survey estimates

Relative abundance indices from trawl surveys are available for BCO 3, BCO 5 and BCO 7, but these
have not been used because of the high variance and concerns that this method may not appropriately
sample blue cod populations.

4.2 BCO 3

A standardised CPUE analysis was conducted in 2019 on the target blue cod potting fishery operating
in BCO 3. This fishery accounted for two-thirds of the total BCO 3 landings in the 29 years from
1989-90 to 2017-18, predominantly in the two southernmost BCO 3 Statistical Areas: 024 and 026.
Together these two areas represented about 90% of the total target blue cod potting fishery over the
same 29 years (Figure 8). As found in the previous analyses, there was misreporting of RCO 3
landings as BCO 3, probably due to data entry errors (Starr & Kendrick 2010). This problem was
again resolved before undertaking the CPUE analysis.
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Table 11: Summary statistics from standardised blue cod potting surveys of the northeast coast of the South Island
(BCO 3). CPUE - catch per unit effort (kg.pot'); CV — coefficient of variation; Mean length is from
population scaled length. All surveys from these three areas were reanalysed and reported in Beentjes &

Page (2017) Beentjes & Sutton (2017), and Beentjes & Fenwick (2017), respectively. —, no valid ageing.

Mean length (cm)
Area/Year Femal Male
North Canterbury
Kaikoura
2004 (fixed sites) 30.3 325
2007 (fixed sites) 29.8 32.5
2011 (fixed sites) 27.5 29.1
2011 (random sites) 28.5 29.5
2015 (fixed sites) 25.9 27.0
2015 (random sites) 29.0 30.0
2017 (random sites) 28.6 28.4
Motunau
2005 (fixed sites) 25.7 29.6
2008 (fixed sites) 252 29.3
2012 (fixed sites) 24.6 29.1
2012 (random sites) 23.5 28.2
2016 (fixed sites) 22.4 25.8
2016 (random sites) 222 26.5
Banks Peninsula
Inshore
2002 25.4 28.3
2005 27.2 327
2008 25.5 29.8
2012 (fixed sites) 24.7 28.8
2012 (random sites) 22.8 27.3
2016 (fixed sites) 232 26.5
2016 (random sites) 23.8 26.1
Offshore
2002 36.6 37.6
2005 37.4 41.2
2008 35.6 41.8
2012 (fixed sites) 335 374
2012 (random sites) 34.1 39.3
2016 (fixed sites) 33.6 36.8
2016 (random sites) 36.1 413

Survey
(kg.pot™)

2.62

5.0
3.66
2.64
2.25
221

1.9

10.2

5.5
5.55
3.01
3.32
2.48

1.12
2.78
1.08
1.35
1.23
1.26
0.53

3.39
6.48
4.48
4.88
3.77

5.6
5.08

CPUE stratum range (CV) are

(kg.pot™)

0.60 —7.97 (11.1%)
1.91-20.45 (12.6%)
2.14 - 11.44 (13.3%)
0.61 —8.22 (16.7%)
1.58 - 5.07 (20.2%)
0.48 —9.41 (18.9%)
0-6.92(15.9)

8.7 15.4 (11.4%)
4.1-89 (16.1%)
443-8.70 (11.8%)
1.81-6.95 (19.5%)
2.94-4.66 (12.7%)
1.10-7.24 (26.8%)

0.04 - 2.61 (23.2%)
1.02 - 4.16 (12.2%)
0.07 2.3 (17.8%)
0.60 — 1.88 (12.4%)
0.33 - 2.89 (16.6%)
0.57-2.12 (11.8%)
0.09-0.94 (22.2%)

2.04-4.74 (19.9%)
5.68-7.27 (9.4%)
3.13 — 5.80 (13.8%)
3.49 - 6.28 (17.0%)
3.69 — 4.09 (36.2%)
5.09-6.10 (14.1%)
5.21-4.54 (19.5%)

Sex ratio
% male

48.7%
48.1%
53.0%
46.8%
66.3%
51.7%
44.8%

76.6%
77.9%
71.9%
72.1%
75.5%
76.3%

67.9%
74.2%
70.2%
67.2%
66.1%
67.5%
81.3%

41.8%
57.2%
49.8%
55.9%
59.0%
65.2%
57.5%

Fosspr
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Table 12: Summary statistics from standardised blue cod potting surveys carried out in the southeast coast of the
South Island (BCO 3). CPUE — catch per unit effort (kg.pot'); CV — coefficient of variation; Mean length, are
from population scaled length. All north Otago survey outputs from Beentjes & Fenwick 2019a. South Otago
survey 2010 outputs from Beentjes 2012 and subsequent surveys from Beentjes & Fenwick 2019b *, no
stratum 6 in 2005; **, only strata 1, 3, and 6 surveyed in 2010; —, no valid ageing.

Area/Year
North Otago
2005(fixed sites)*

2009 (fixed sites)
2013 (fixed sites)
2013 (random sites)
2018 (fixed sites)
2018 (random sites)

South Otago

2010 (fixed sites)**
2010 (random sites)**
2013 (random sites)
2018 (random sites)

Mean length (cm)
Female Male
27.8 32.8
27.4 323
27.5 31.7
27.5 30.7
26.3 30.4
26.7 30.2
29.4 33.6
23.7 29.0
25.5 31.9
249 29.0

Survey CPUE

(kg.pot™)

10.2

11.5
5.0
42

3.55

2.35

9.7
4.4
6.2

1.52

CPUE range (CV)

7.49 - 14.5 (7.9%)
6.21 - 19.88 (6.6%)
2.72 - 8.07 (12.6%)
0.94 —7.46 (13.9%)

2.24-5.30 (17.7)

0.33-4.12 (14.3%)

3.3-16.9 (17.1%)
1.2-6.0 (17.8%)
0.8 7.4 (19.9%)
0.17-3.79 (28.5%)

Sex ratio
% male

72.5
73.1
759

67.8
84.9

87.0

74.5
66.9
57.4
68.4

Fosspr

23%
23%

25%

Table 13: Summary statistics from standardised blue cod potting surveys carried out in the south and southwest
coast of the South Island (BCO 5). Fuspr estimated for age at full recruitment and M = 0.14. Mean length,
mean age and sex ratios are from population scaled length and age. Foveaux Strait survey - all results from
Beentjes et al (2019); Paterson Inlet survey -all results from Carbines 2007, Carbines & Haist 2014a,
Carbines & Haist 2016b; Dusky Sound - all results from Carbines & Beentjes 2003, 2011a; and Beentjes &
Page (2016). Only mean ages, and Fuspr based on otoliths aged with the Age Determination Protocol (Walsh
2017) are included in this table. Results for Paterson Inlet fixed site surveys are not included as they are not
reliable. CPUE, catch per unit effort (kg.pot™); CV, coefficient of variation.

Area/Year
Foveaux Strait
2010 (random sites)
2014 (random sites)
2018 (random sites)

Paterson Inlet

2006 (fixed sites)
2010 (fixed sites)
2010 (random sites)
Paterson Inlet

2014 (fixed sites)
2014 (random sites)
Dusky Sound

2002 (fixed sites)
2008 (fixed sites)
2014 (fixed sites)
2014 (random sites)
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Mean length

Mean age (years)

Female

27.7
27.7
28.4

26.9
27.5
25.9

26.9
27.0

29.9
322
32.6
323

Male

30.4
303
30.6

32.8
322
29.0

323
29.9

34.7
37.9
352
33.8

Female

5.8
6.0
6.8

8.1
8.2

Male

52
4.9
5.7

6.9
6.5

CPUE (kg.pot™)

5.25
7.57
5.7

4.8
32
0.4

4.8
1.94

2.65
4.20
3.22
2.61

CPUE range(CV)

0.81 —14.14 (12.7%)
3.16 - 16.22 (*12.9%)
1.47-8.40 (20.5%)

1.47 — 8.42 (*11.9%)
1.43 —3.29 (11.3%)
0.22 - 0.53 (24.2%)

1.05 — 7.66 (12.9%)
0.44 - 2.73 (19.9%)

1.29-8.43 (*9.2%)
2.49 —8.13 (5.8%)
1.87-9.2
2.04-4.99

Sex ratio
% male

47.2%
48.0%
50.7%

Foespr

26.9%
27.6%
21.8%

48.3%
49.0%



BLUE COD (BCO)

Maximum = 92 (t) La ndl ngS Maximum = 7854 (potiifts) P0t|lft5
R Y
- ¢ . . o} @ o @ 2
r~ P
é @ ° P o] é 4] 3 A o
® ] < =19 4 @
- ° O < 1® 1 o
S° - % 519 : ©
N.e © 9 R © () o
—-¢ a O _ e : @
S 1@ ¥ G S ¢ o
L B : 30 R .
g% 3 t( ¢ 279 :
- & ] - 1 ¢
S e e L o le - o
— =4 @ b @4 5 4-@ H C
@ 0 @ by
S 8 A O 2 4 o £ 8410 4 }g °
2N @t o 2 N0 : o
ﬁ o o o 4 @ o o * ;:z b
ii gde © : ® L g8qe ¢ t <
R . . 2 o o 4 . O
P I $-onact j <o a» % (9]
< R o s o 30 H i
- d.s s 4 T 48 ¢ .
- o _ o) O
g - & o g - &
= 4 O = )
o 3] o o,
2 o 2 O
= o = -
o ° o \N @
& _| D
el 4 @ \j 64
[ I I I I [ I I I I I [ [ [ [ T I I [ [
18 19 20 21 22 23 24 26 27 18 19 20 21 22 23 24 26 27
Statistical area Statistical area

Figure 8: Distribution of landings and number of potlifts for the cod potting method by statistical area and fishing
year from trips which landed BCO 3. Circles are proportional within each panel: [catches] largest circle =
92 tin 10/11 for 024; [number potlifts] largest circle = 7854 pots in 05/06 for 024 (Large et. al in prep).

The effort data were matched with the landing data at the trip level and the “trip-stratum” stratification
inherent in the CELR data was maintained. The 2019 analysis used only data from stat areas 024 and
026. The CPUE analysis was confined to a set of core vessels which had participated consistently in
the fishery for a reasonably long period (5 trips in 3 years, resulting in keeping 61 vessels representing
94% of the landings. The explanatory variables offered to the model included fishing year (forced),
month, vessel, statistical area, number of pots lifted in a day and number of days fishing in the record..
A log-logistic model (as used in the 2015 analysis) based on successful catch records was used as
there were too few unsuccessful fishing events to justify pursuing a binomial model.

The log-logistic standardised model for BCO 3 (Figure 9) fluctuated without trend with the final data
point close to the series mean. In the 2015 analysis, a model using estimated catches instead of scaled
landings showed a similar trend up to 2012—13, when the series based on landed catch increased more
rapidly than the estimated catch series. The WG agreed in 2015 that the series based on landed catch
was more reliable and consistent with other CPUE analyses done for the Southern Inshore WG.

During the period 2002-03 to 2017-18, commercial catches in all of BCO 3 exceeded the TACC by
5%. The bulk of the total BCO 3 commercial catch (72%) was taken from Statistical Areas 024 and
026 (along with about 90% of the CPUE data). The CPUE series in Figure 5 is representative of the
southern portion of BCO 3 (Areas 024 and 026) and is not applicable to those parts of BCO 3 north of
Area 024.
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Figure 9: Comparison of BCO 3 standardised series (1989-90 to 2017-18) based on landed green weight catch data
and the 2013 and 2018 observations from the North Otago and South Otago potting surveys conducted at
random sites over all strata (Large et. al in prep). (Each relative series is scaled so that the geometric mean

=1.0 from 2013 and 2018.)
Establishing Busy compatible reference points

The Working Group accepted mean CPUE from the target BCO cod potting series for the period
1994-95 to 2003-04 as the Bmsy-compatible proxy for BCO 3. This period was chosen because
catches and CPUE were stable without trend and apparent productivity was good. This period was
also used to determine average fishing intensity compatible with the selected Busy-compatible proxy.
The Working Group accepted the default Harvest Strategy Standard definitions for the Soft and Hard
Limits at one-half and one-quarter the target, respectively.

4.3 BCO 4

The cod potting fishery in BCO 4 is entirely targeted on blue cod and reported on the daily CELR
form. The spatial resolution of the catch effort data is therefore defined by general statistical area, and
by day (or part of a day). CPUE was standardised for the cod pot fishery operating in Statistical Areas
049 to 052 (Large et al. in prep). The analysis was based on a Weibull model of positive allocated
landed catches from a core fleet of vessels. This methodology follows that used in the previous CPUE
standardisation (Bentley & Kendrick in prep). Detailed examination of model residuals and the
distribution of catch per vessel day suggested that the Weibull distribution provided a better fit to the
data than the lognormal distribution and other alternative distributions. The previous analysis found
that there appears to have been a change in the underlying frequency distribution of catch categories
in the late 1990s, which may be a result of several factors, including changes in the fleet composition,
fishing methods, and/or reporting practices. Consequently, the indices for the fishing years up to, and
including, 1996-97 are considered to be less reliable, and may not be comparable to, the indices from
the latter part of the series. The WG considered that the current CPUE standardisation should only
include analysis of the fishing years from 1997-98.

Overall, the annual indices from the standardisation model have fluctuated without trend since the late
1990s (Figure 10).
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Figure 10: Standardised CPUE index for BCO 4 based on records of positive BCO catch by core vessels, 1997-98 to
2017-18 (Large et al in prep.).

4.4 BCO 5 (Southland)

The first fully quantitative stock assessment for blue cod in BCO 5 was carried out in 2013. A
custom-built length-based model, which used Bayesian estimation, was fitted separately to data from
Statistical Areas 025, 027 and 030.

4.4.1 Methods

4.4.1.1 Model structure

The stock assessment model is length-based and sex-specific, using growth transition matrices
calculated from the von Bertalanffy growth models to transition fish through size bins. This approach
is similar to that used for New Zealand rock lobster (Haist et al 2009).

The model is conditioned on the landings for the three modelled fisheries (commercial line,
commercial pot, and recreational line), using a Newton-Raphson algorithm to calculate fishing
mortality rates for each sex, length bin and fishery. Each fishery is modelled with a selectivity ogive
and a retention ogive (Table 14). Catch and catch LFs are a function of the selectivity ogive and
landings and landings LFs are a function of the product of selectivity and retention ogives. Separate
pre-1993 and post-1992 commercial and recreational fishery retention functions account for the
change in minimum legal size (MLS) in 1993. Separate pre-1993 and post-1993 commercial fishery
selectivity functions account for change in mesh size regulation at that time, with the assumption that
the selectivity change was gradual over 5 years. Discard mortality is assumed for fish that are caught
but not landed. Sex change is modelled as a dynamic process, with the proportion of females (at
length) transitioning to males a function of male depletion. Spawning stock biomass (SSB) is
measured as the total mature biomass.

A Beverton-Holt stock recruitment relationship is assumed. The standard deviation of recruitment
residuals (log-scale) is fixed at 0.6 and the steepness prior is beta distributed (mean= 0.75, std.
dev.=0.10). Recruitment residuals are estimated for 1980 to 2010. Fish recruit to the model at age 0+
with 65% of fish recruiting as females.

Natural mortality is modelled assuming a normal prior distribution with a mean of 0.14 and a standard
deviation of 0.015. The majority of the prior density is in the range of 0.11 to 0.17, which is the range
of uncertainty considered in blue cod potting survey analyses (Beentjes & Francis, 2011).

The populations are initialised at unexploited equilibrium conditions in 1900.
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The assumed prior distributions for model parameters are given in Table 15.

Table 14: Model selectivity and retention ogives by fishery, their parametric form, and parameter values if fixed or
data fitted in the model to inform their estimation. DHN = double half normal.

Ogives Type Parameters if fixed or data to inform
Selectivity

Commercial line fishery Logistic 50% selected at 280 mm; 95% selected at 305 mm
Commercial pot fishery <=1992 DHN Mesh size trial LF

Commercial pot fishery >=1997 Logistic Logbook & Shed sampling LF

Recreational fishery DHN Recreational catch LF

Survey DHN Survey LF

Retention

Commercial line fishery Knife-edge MLS (330 mm)

Commercial pot fishery <=1992 Knife-edge MLS

Commercial pot fishery >=1993 Knife-edge MLS

Recreational fishery <=1992 Logistic Recreational landings LF

Recreational fishery >=1993 Logistic Shifted +3 cm from <=1992 retention curve

Table 15: Assumed prior distributions for model parameters.

Model parameters Distribution Parameters

M Normal Mean: 0.14 Std. dev: 0.015
S-R steepness Beta (defined on 0.2 — 1.0) Mean: 0.75 Std. dev: 0.10
Recruitment variation Normal-log Std. dev: 0.60

1995 sex-change dmax Normal-log Mean: In(410) Std. dev: 0.05

4.4.1.2 Data

Separate data sets were compiled and analysed for Statistical Areas 025, 027, and 030. The data
available for each of these areas differs, and little data are available for the remainder of the BCO 5
Statistical Areas. Combined, Statistical Areas 025, 027 and 030 represent 92% of the recent
commercial fishery landings. The general categories of data used in the stock assessment models
include: catch and landings; fishery and survey length frequency data (LFs); abundance indices; and
biological information on growth, maturation, and sex change.

Historical time series of BCO 5 landings were constructed for three gear types: commercial hand line
fishing, commercial pot fishing, and recreational fishing. Additionally, non-reported blue cod catch
used as bait in the CRA 8 rock lobster fishery was estimated and included with the commercial
landings, and customary catch estimates were included with the recreational harvest.

Commercial landings data are available beginning in 1931 (Warren et al 1997) and these were linearly
decreased back to 1900, when the fishery was assumed to begin. The 1989—90 to 2011-12 average
proportion of the total BCO 5 catch in each Statistical Area was used to prorate the earlier landings
estimates to Statistical Area. A time series of non-reported blue cod used as bait in the rock lobster
fishery was developed based on a 1985 diary study (Warren et al 1997) in conjunction with CRA 8
rock lobster landings.

A time series of recreational blue cod harvest was developed based on the 1991-92 and 1996 diary
survey estimates of BCO 5 recreational catch. The average blue cod catch per Southland resident was
estimated from the survey data, and assuming a constant per capita catch rate extrapolated to a time
series using Southland District population census data.

Commercial fishery LF data were collected through a commercial fishers’ logbook project and a shed
sampling project from 2009-2011. The shed sampling was sex-specific while the logbook sampling
was not. It is unclear whether samples collected for shed sampling were of the entire catch or of
landings. Mean size of fish from the shed samples were smaller than those from the logbook
programme (for Areas 025 and 027; there were not shed samples from Area 030), which may have
resulted because the shed samples were not representative of the entire fishing area. The shed and
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logbook LF data are each fitted to model predictions of the average commercial catch size distribution
for 2009 to 2011.

Recreational fishery LFs were obtained from a 2009-10 study of the Southland recreational blue cod
fishery (Davey & Hartill 2011). This study included a boat ramp survey (Bluff, Riverton/Colac, and
Halfmoon Bay) and a logbook survey of charter and recreational vessels. Blue cod measured through
the boat ramp programme were assumed to represent the landings and fish measured through the
logbook programme were assumed to represent the catch.

Length frequency data from a blue cod mesh size selectivity study, conducted by MAF in 1986 at
Bluff and Stewart Island, were available. The Length Frequencies from pots fitted with the then-
standard 38 mm mesh were assumed to represent the size composition of the BCO 5 commercial pot
fishery catch prior to the 1992 and 1994 pot regulation changes. In the model, this data is fitted to the
predicted average size distribution of the 1985-1992 potting fishery.

Length Frequency data is also available from random stratified potting surveys conducted in Areas
025 and 030 in 2010. These surveys provide not only length frequency data, but also are one of the
few information sources about the population sex structure. These data are fitted in the model
assuming domed survey selectivity.

Three sets of data are available that can inform stock abundance estimates: fishery-based standardised
CPUE estimates (Table 16), survey-based estimates of total mortality (Z), and a drift underwater video
survey (DUV) estimate of absolute stock abundance.

Z estimates were derived from the 2010 Area 025 and Area 030 random-stratified potting survey data
using standard methods described in Beentjes & Francis (2011). The distributions of Z estimates are
approximately lognormal and are fitted with lognormal priors in the stock assessment model. The
mean Z estimate for Area 030 (0.377) is slightly lower than that for Area 025 (0.465).

A DUV survey was conducted in Area 025 in 2010, surveying a number of the random-stratified sites
that were sampled during the potting survey. The survey estimate of the mean density of legal-sized
blue cod was extrapolated to the total Area 025 area to generate a total abundance estimate. This was
fitted to model-predicted 2010 legal-sized blue cod abundance.

The data fitted in the models for each Statistical Area are shown in Table 17 and the assumed error
structure of each data series is shown in Table 18.

4.4.1.3 Further assumptions

Sex-specific von Bertalanffy growth parameters are available from Area 025 and Area 030 random-
stratified potting surveys. The Area 025 growth models were assumed for Area 027. Both male and
female blue cod are assumed to mature at a length of 280 mm (Carbines 2004b).

Sex-change data was available from a 1995 Foveaux Strait study that characterised blue cod by state:
male, female, or transitional (Carbines 2004b). The proportions of transitional females by length bin
were fitted with a parametric relationship to describe the sex-change process. The maximum
proportion transitional was observed at 410 mm.

Assuming that sex-change is a function of the relative abundance of mature males was found to result
in fewest model convergence issues. The length at 50% sex change (dmax) is modelled as a function of
the ratio of mature male biomass in year y (B,") relative to mature male biomass in the virgin state

(Bo™):
B" /Y
— y
dmax /I( B(?"j

where the parameters A and O are estimated through the model fitting. In practice, only A was
estimated and & was fixed. This model results in the form of the sex-change relationship remaining the
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same except that it is shifted along the length-axis. With this parameterisation it is not possible to fix
the 1995 length at 50% sex change (to 410 mm, as observed in the sex transition data set collected in
1995), so a penalty function is used to encourage that value.

Table 16: Standardised CPUE indices for Statistical Areas 025, 027 and 030.

Fishing Year Area 025 Area 027 Area 030
1990 0.803 0.603 0.925
1991 0.748 0.607 0.860
1992 0.815 0.665 1.026
1993 0.854 0.835 0.846
1994 0.847 0.648 0.689
1995 0.808 0.796 0.669
1996 0.943 1.022 0.657
1997 1.043 1.241 1.011
1998 1.084 1.116 1.141
1999 0.972 1.152 1.224
2000 1.034 1.292 1.185
2001 1.143 1.466 1.098
2002 1.160 1.743 1.453
2003 1.256 1.532 1.422
2004 1.145 1.602 1.359
2005 1.283 1.219 1.262
2006 1.253 1.127 1.172
2007 1.035 0.881 1.093
2008 1.017 0.888 0.924
2009 1.023 0.894 0.939
2010 0.984 0.901 0.961
2011 1.006 0.888 0.839
2012 0.998 0.940 0.819

Table 17: Data series fitted in the stock assessments for Areas 025, 027, and 030.

Data type Series Area 025 Area 027 Area 030
LF data: Shed v v -
Logbook v v v
Survey v - v
Mesh sel. trials data common to all areas
Rec. landings data common to all areas
Rec. catch data common to all areas
Abundance Index: CPUE v v v
Survey Z v - v
DUV abundance v - -
Table 18: Assumed distributions for data fitted in the models.
Data type Distribution Parameters
Logbook LF Multinomial N: 100
Shed samples LF Multinomial N: 100
Mesh size trials LF Multinomial N: 100
Recreational catch LF Multinomial N: 100
Recreational landings LF Multinomial N: 100
Survey LF Multinomial N: 100
CPUE Normal-log Std. dev: 0.20
Survey Z —Area 025 Normal-log Mean: -0.782 Std. dev: 0.178
Survey Z —Area 030 Normal-log Mean: -0.991 Std. dev: 0.173
DUV LegalN Normal-log Mean: 15.163 Std. dev: 0.300
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4.4.1.4 Calculation of fishing intensity and Busy

Fishing intensity is measured as the spawning biomass per recruit (SPR). Fogspr is the ratio of
spawning biomass per recruit at a given level of fishing mortality relative to the spawning biomass per
recruit in the absence of fishing. This metric was selected to represent fishing intensity because
estimates for the entire BCO 5 stock can readily be calculated from the Statistical Area estimates.

MSY statistics are calculated assuming deterministic recruitment and the final years’ selectivity and
retention ogives. The recreational and customary fisheries are held fixed at the current levels, and only
the commercial fishery varied to determine MSY. Bmsy is measured as total mature biomass and MSY
is presented as the commercial catch at Busy.

Caution about the interpretation of Busy estimates

There are several reasons why Bwsy, as calculated in this way, is not a suitable target for management
of blue cod fisheries. 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
actually very poorly known. Third, it makes no allowance for extended periods of low recruitment.
Fourth, 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.

4.4.1.5 Biomass estimates

The assessment was conducted in two steps. First, a set of initial exploratory model runs was carried
out generating point estimates (MPD runs, which estimate the mode of the posterior distribution).
Their purpose was to decide which sets of assumptions should be carried forward to the final runs.
The final runs were fully Bayesian, estimating posterior distributions for all quantities of interest.

The modelling assumptions and approaches investigated though the exploratory model runs included:
the dynamics of sex-change; what assumptions to make about LF data from the logbook and shed
sampling programmes; the magnitude of recruitment variation; the magnitude of error in fits to the
CPUE data; the form of the survey and recreational fishery selectivity; and sensitivity to alternative
assumptions about recreational catch, bait usage, and discard mortality rates.

Four final runs were chosen by the Working Group: a base case and three sensitivities to the base
case. The sensitivity runs each modify a single assumption of the base case. The sex-change power
parameter (delta in equation above) is fixed at 0.4 for the base case. Two of the sensitivity runs
modify this parameter to values of 0.2 and 0.6. The third sensitivity run reduces the recreational catch
time series by 50%.

Label Description

1.1 Base case

1.2 Sex-change power parameter=0.2
1.3 Sex-change power parameter=0.6
1.4 Recreational catch reduced by 50%

Bayesian posterior distributions were estimated for each of these runs using a Markov Chain Monte
Carlo (MCMC) approach. For each run a chain of 1 million was completed and the chains thinned to
produce a posterior sample of 1000. BCO 5 summary statistics are calculated summing across Areas
025, 027, and 030. Bmsy and MSY are calculated assuming these areas account for 92% of the BCO 5
stock.

The model estimates are summarised in Table 19 (estimates of spawning biomass and MSY), Figure
11 (biomass trajectories), Figure 12 (fishing intensity trajectories), and Figure 13 (recruitment
trajectories).

The runs with the higher sex-change power parameter (run 1.3) have higher male and lower female
spawning abundance in the unfished populations and runs with the lower sex-change power parameter
(run 1.2) have lower male and higher female initial abundance. Current biomass and the combined

153



BLUE COD (BCO)

male and female By do not differ much among the runs. Assuming lower recreational catch (run 1.4)
results in a slightly lower Bo estimate and slightly higher current biomass. Area 025 is somewhat more
depleted than Areas 027 and 030.
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Figure 11: Median estimates of Area 025, Area 027, Area 030, and Areas combined male and female spawning
biomass for the base case and sensitivity runs, 1900 —2012.
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Figure 12: Fishing intensity (Fuspr) estimates from the base case runs for Areas 025, 027, 030, and the Areas
combined, 1900-2012. The horizontal lines show the median and the vertical lines show the 90% confidence
intervals.
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Figure 13: Recruitment estimates from the base case runs for Areas 025, 027, 030, and the Areas combined, 1980—
2010. The boxes show the interquartile range, the whiskers show the 90% confidence limits, and the bars
show the medians.

Fishing intensity has remained below Faowspr, except in Area 025 for a brief period in the 1990s.
Recruitment has been slightly below average in all three Areas over the last decade.

Table 19: Estimates of BCO 5 spawning stock biomass, MSY and Bwmsy for final runs (medians of marginal posterior
distributions, with 90% confidence intervals in parentheses). Bo and MSY are calculated assuming Areas
025, 027 and 030 represent 92% of the BCO 5 blue cod stock.

Run Bo (000 t) Beurrent (%Bo) MSY Bwmsy (%Bo)
1.1 28(25,31) 39(31,51) 1336(1092,1589) 31(29,35)
12 28(26,31) 39(30,50) 1316(1088,1569) 32(29,35)
13 27(2431) 39(30,50) 1345(1114,1607) 31(28,34)
1.4 26(24,29) 40(31,51) 1335(1115,1615) 31(29.35)

4.4.1.6 Yield estimates and projections
Ten-year stock projections were conducted for the three Statistical Areas at constant catch levels, with
summary statistics calculated at the end of 5 and 10 years.

Commercial catch levels were based on the current TACC and the average BCO 5 Statistical Area
catch split over the past 10 years. Although only 90% of the BCO 5 TACC was caught on average
over the past 10 years, with the reduction of the TACC to 1239 t in 2011-12, over 98% of the
allowable catch was caught that year. Therefore stock projections based on the full TACC being
caught appears reasonable. Alternative catch scenarios were simulated with commercial catch
increased and reduced by 20%. Recreational and customary catch was assumed to remain constant at
the 2011-12 levels.

Recruitment was simulated by randomly re-sampling (with replacement) from the time series of
recruitment deviations, applied to the stock-recruitment relationship. Two alternative recruitment
scenarios were simulated: recent recruitments were re-sampled from the 2001-2010 recruitment
deviations and long-term recruitments were re-sampled from the 1980-2010 recruitments. Summary
statistics were calculated for the BCO 5 FMA by summing Bo, Bmsy and projection biomass estimates
across the three Statistical Areas.
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The projections indicate that under the assumptions of commercial catch at the current TACC and
recruitment at recent levels the BCO 5 biomass is unlikely to change much over the next 10 years
(Figure 14). Recruitments closer to the long-term average or a reduction in catch from the current
TACC results in slight increases in biomass and an increase in catch above the TACC results in a
slight decrease in biomass. Although the spawning stock sex ratio is variable among the sensitivity
trials, by 2013 and through the projection period the sex ratio remains relatively constant (Table 20).

The probabilities of the projected spawning stock biomass (2018 and 2023) being below the hard limit
of 10% By, the soft limit of 20% By, the target of 40% Bo, and 25%, 50% and 100% of Bwsy are
presented in Table 21, for the base case model with recent or long-term recruitment and three catch
levels and for the sensitivity runs with recent recruitment and commercial catch at the current TACC.
With catches at the current TACC, the probability of the stock being less than either the soft or hard
limit over the next five years is negligible.

There are no time series of length frequency observations for the BCO 5 stock assessment. So, while
the assessment indicates a BCO 5 recruitment pulse in the early 1990s, the information to support this
pulse comes solely from the CPUE data, and hence may be spurious.

The sex change predictions also need to be viewed with caution as there are few data to inform the
parameters and the form of the equation.

Table 20: Median estimates of the proportion male in the 1900, 2013, 2018 and 2023 BCO 5 spawning stock at
alternative recruitment and catch levels for the base case and sensitivity stock projections.
Run 1.1 1.2 1.3 1.4
Long- Long- Long-
Recruitment Recent Recent Recent term term term Recent Recent Recent
Catch Level TACC 1.2”TACC 0.8 TACC TACC 1.2TACC 0.8TACC TACC TACC TACC

1900 0.41 0.41 0.41 0.41 0.41 0.41 0.47 0.39 0.41
2013 0.51 0.51 0.51 0.51 0.51 0.51 0.49 0.51 0.51
2018 0.48 0.51 0.51 0.47 0.51 0.51 0.50 0.48 0.49
2023 0.51 0.52 0.49 0.49 0.51 0.48 0.49 0.52 0.51

TACC TACC
— Recent recruitment — Long-term recruitment

-
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1

10 20 30 40 50 60 70
1

T T T T T T T T T T
2014 2016 2018 2020 2022 2014 2016 2018 2020 2022
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Spawning biomass (%B0)
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Figure 14: Projected BCO 5 spawning biomass (%Bo) assuming recent or long-term recruitment and catch at current
TACC or increased/decreased by 20% for the base case run. Median estimates are shown as solid lines and
90% confidence intervals as shaded polygons.
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Table 21: Probabilities of SSB being below Bo and Bmsy reference levels in 2013, 2018 and 2023 at alternative

recruitment and catch levels for the base case and sensitivity stock projections.

Run 1.1 1.2 1.3 1.4
Recruitment Recent Recent Recent Long- Long- Long- Recent Recent Recent
Catch Level TACC 1.2TACC 0.8 TACC TACC 12TACC 0.8 TACC TACC TACC TACC
P(B20135< 0.1 Bg) 0 0 0 0 0 0 0 0 0
P(B2913< 0.2 Bo) 0 0 0 0 0 0 0 0 0
P(B2013< 0.4 By) 0.538 0.538 0.538 0.538 0.538 0.538 0.576 0.549 0.532
P(B2013< 0.25 Bpysy) 0 0 0 0 0 0 0 0 0
P(B2013< 0.5 Bngy) 0 0 0 0 0 0 0 0 0
P(B2013< Bmgy) 0.095 0.095 0.095 0.095 0.095 0.095 0.116 0.091 0.078
P(B2015< 0.1 By) 0.001 0.002 0 0 0.001 0 0 0 0
P(Ba015< 0.2 By) 0.010 0.048 0.002 0.003 0.024 0 0.012 0.007 0.015
P(B2015< 0.4 By) 0.543 0.694 0.379 0.470 0.622 0.288 0.578 0.578 0.605
P(B2015< 0.25 Bpngy) 0 0.002 0 0 0 0 0 0 0
P(B2015< 0.5 Bpysy) 0.002 0.014 0 0 0.006 0 0.004 0.002 0.005
P(B2018< Bmsy) 0.230 0.377 0.114 0.153 0.294 0.069 0.249 0.215 0.262
P(B2023< 0.1 By) 0.003 0.024 0.002 0 0.005 0 0.007 0.004 0.006
P(B2023< 0.2 Bg) 0.053 0.173 0.008 0.019 0.077 0 0.052 0.051 0.074
P(B2023< 0.4 By) 0.498 0.681 0.271 0.289 0.533 0.110 0.491 0.505 0.553
P(B2023< 0.25 Bpysy) 0.001 0.014 0 0 0.002 0 0.004 0.003 0.002
P(B2023<0.5 Bngy) 0.021 0.107 0.004 0.009 0.037 0 0.025 0.018 0.040
P(B2023< Bingy) 0.256 0.473 0.105 0.113 0.306 0.030 0.272 0.257 0.305

4.5 Other factors

The target blue cod fishery is chiefly a pot fishery and there are few significant bycatch problems.
However, in recent years bycatch associated with the inshore fleet of trawlers has increased in BCO 3
and BCO 7. Blue cod is only a very minor bycatch of the offshore fleet.

Before the introduction of the QMS, blue cod landings were affected by factory limits imposed in
some parts of Southland, and there were economic constraints to the development of the fishery at the
Chatham Islands (BCO 4).

Blue cod fishing patterns have been strongly influenced by the development and subsequent
fluctuations in the rock lobster fishery, especially in the Chatham Islands, Southland and Otago. Once
a labour intensive handline fishery, blue cod are now taken mostly by cod pots. The fishery had
decreased in the past; however, with the advent of cod pots it rapidly redeveloped. Large arecas are
currently not heavily fished and there are some areas such as the Mernoo Bank, the Puysegur Bank
and South Traps which are potentially productive fisheries. Anecdotal information from recreational
fishers suggests that there is local depletion in some parts of BCO 3, BCO 5 and BCO 7 where fishing
has been concentrated. Blue cod abundance (Carbines & Cole 2009), catch (Cranfield et al 2001) and
productivity (Jiang & Carbines 2002, Carbines et al 2004) may also be affected by disturbance of
benthic habitat.

S. STATUS OF THE STOCKS

For BCO 1 and 8 recent commercial catch levels are considered sustainable. The status of the
remaining fishstocks is summarised below.

e BCO 3 (Statistical Areas 024 and 026)

Stock Structure Assumptions

Tagging experiments suggest that blue cod populations may be isolated from each other and there
may be several distinct populations within management areas. For the purposes of this summary,
BCO 3 is split into two sub-areas along the Statistical Area 022/024 boundary: Statistical Areas 18, 20
and 22 (Northern); and 24 and 26 (Southern). There were insufficient data to produce a standardised
CPUE series for the northern sub-area.

| Stock Status
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Year of Most Recent Assessment

2019 (CPUE analysis)

Assessment Runs Presented

Standardised CPUE index based on landed catch of BCO target
pot fishery

Reference Points

Target: Bmsy proxy based on mean CPUE for the period —

1998-99 to 2017-18

Soft Limit: 50% Bwmsy Proxy

Hard Limit: 25% Bwmsy Proxy

Overfishing Threshold: Fusy proxy based on mean relative
exploitation rate for the period 1998-99 to 2017-18

Status in relation to Target About as Likely as Not (40—-60%) to be at or above

Status in relation to Limits Soft Limit: Unlikely (< 40%) to be below

Hard Limit: Very Unlikely (< 10%) to be below

Overfishing is About as Likely as Not (40—60 %) to be
occurring

Status in relation to Overfishing

Historical Stock Status Trajectory and Current Status
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Fishery and Stock Trends
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Recent Trend in Biomass or Proxy | Biomass has declined during the last five years with the 2017—
18 index near the series mean.

Recent Trend in Fishing Intensity Relative exploitation has fluctuated without trend since 2011—
or Proxy 12, and the 201718 level was at the overfishing threshold.

The North Otago and South Otago potting surveys each have
Other Abundance Indices two annual indices based on the random survey design. The
declines in abundance since 2013 were similar to the CPUE
series for the North Otago survey, but much steeper for the
North Otago survey.

Trends in Other Relevant
Indicators or Variables

Projections and Prognosis

Stock Projections or Prognosis At current catches biomass is likely to remain stable. Current
catch has exceeded the TACC in 14 of the last 16 years
(beginning 1999-2000).

Probability of Current Catch or
TACC causing decline Biomass to | Soft Limit: Unlikely (< 40%)

remain below or to decline below Hard Limit: Very Unlikely (< 10%)
Limits

Probability of Current Catch About as Likely as Not (40-60%)
causing Overfishing to continue or
to commence

Assessment Methodology and Evaluation

Assessment Type Level 2 - Partial Quantitative Stock Assessment

Assessment Method Standardised CPUE analysis of a target cod-potting fishery

Main data inputs Catch and effort data derived from the MPI catch reporting data

Period of Assessment Latest assessment: 2019 | Next assessment: 2023

Overall Assessment Quality 1 — High Quality

Main Data Inputs (Rank) - Catch and effort data 1 — High Quality

Data not used - North and South Otago 1 — High Quality: Monitors

potting surveys abundance in restricted survey

areas supporting local
recreational fisheries.

Changes to Model Structure and
Assumptions

Major Sources of Uncertainty -

Qualifying Comments

As the bulk of the commercial catch (72%) is taken from Statistical Areas 024 and 026, both CPUE
and catch trends for BCO 3 are strongly influenced by catches in these areas. A June 2009 change in
regulations governing commercial pots (change from 38 mm mesh to 48 mm square grids) will have
affected CPUE indices and comparison of trends before and after this date. The impact of this
regulation change is unknown.

Fishery Interactions

Over two thirds of BCO 3 commercial catches are taken in a target cod-potting fishery which has very
little interaction with other species. Most of the remaining BCO 3 catch is taken in the inshore bottom
trawl fishery operating on the east coast of the South Island, largely directed at flatfish, red cod and
tarakihi.
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BCO 4

Stock Structure Assumptions
For the purposes of this summary BCO 4 is considered to be a single management unit.

Stock Status

Year of Most Recent Assessment 2019

Assessment Runs Presented CPUE index based on landed catch

Reference Points Interim Target: Bmsy proxy based on mean CPUE for the period
2002-03 to 2013-14 (a period with high yield when both catch
and CPUE were stable)
Soft Limit: 50% Bwmsy proxy
Hard Limit: 25% Bwmsy proxy
Overfishing threshold: Fusy proxy based on mean relative
exploitation rate for the period 2002—03 to 2013-14

Status in relation to Target Likely (> 60%) to be at or above the target

Status in relation to Limits Soft Limit: Very Unlikely (< 10%) to be below
Hard Limit: Very Unlikely (< 10%) to be below

Status in relation to Overfishing About as Likely as Not (40—60 %) to be occurring

Historical Stock Status Trajectory and Current Status
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Fishery and Stock Trends

Recent Trend in Biomass or Proxy

CPUE has fluctuated without trend since 1997-98.

Recent Trend in Fishing Intensity or
Proxy

Relative exploitation rate has declined since 2010-11 and in
2017-18 was near the overfishing threshold.

Other Abundance Indices

Trends in Other Relevant Indicators
or Variables

Projections and Prognosis

Stock Projections or Prognosis

The current catch and TACC are Unlikely (< 40%) to cause the
stock to decline

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

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

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

Assessment Methodology and Evaluation

Assessment Type

Level 2 - Partial Quantitative Stock Assessment

Assessment Method

Fishery characterisation and standardised CPUE analysis

Assessment Dates

Latest assessment: 2019 | Next assessment: 2023

Overall assessment quality rank

1 — High Quality

Main data inputs (rank)

- Catch and Effort 1997
98 t0 2017-18

1 — High Quality

Data not used (rank)

- Catch and Effort 1989
90 to 1996-97

2 — Moderate or mixed Quality:
compromised by changes in fleet
composition and reporting practices

Changes to Model Structure and
Assumptions

Major Sources of Uncertainty

Qualifying Comments

Fishery Interactions

The catch is almost entirely taken by target cod potting and there is little interaction with other species.

e BCOS

Stock Structure Assumptions

Tagging experiments suggest that blue cod populations may be isolated from each other and there
may be several distinct populations within management areas. For the purposes of this summary, blue
cod in Statistical Areas 025, 027 and 030 of BCO 5 are treated as a unit stock. Dusky Sound and
Patterson Inlet are assumed to contain discreet populations of BCO, which are monitored with potting

surveys.

Stock Status

Year of Most Recent Assessment

2013

Assessment Runs Presented

One base case model was used to evaluate BCO 5 stock status in
this assessment.
Three sensitivity runs are also presented.

Reference Points

Interim Management Target: 40% Bo
Soft Limit: 20% Bo

Hard Limit: 10% Bo

Overfishing threshold: Fusy

Status in relation to Target

B2o13 was estimated to be 39.4% of Bo; About as Likely as Not
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(40—60%) to be at or above the Interim Management Target

Status in relation to Limits

B2o13 is Very Unlikely (< 10%) to be below the Soft Limit and
Exceptionally Unlikely (< 1%) to be below the Hard Limit

Status in relation to Overfishing

Unlikely (< 40%) that overfishing is occurring

Historical Stock Status Trajectory and Current Status

BCO 5

20%

40%
|

Fishing Intensity (F%SPR)

80%
1

Soft Limit

60%
I
| Mard Limit__ _ _ ]

100%
|

Target - 40%B0

0.0

o
)

04 0.6 0.8 1.0

SSB/SSBO

Trajectory of fishing intensity (Fuspr) and spawning biomass (%Bo) for BCO 5 from the start of the assessment period
in 1990 to 2012. The vertical lines at 10% Bo, 20% Bo and 40% Bo represent the soft limit, the hard limit and the target,
respectively, and the shaded area shows the Bmusy 90% CI. Estimates are based on MCMC medians and the 2012 90%

Cl is shown by the crossed lines.

Fishery and Stock Trends

Recent Trend in Biomass or Proxy

Biomass has been slowly decreasing since 2000.

Recent Trend in Fishing Intensity or
Proxy

Fishing intensity is estimated to have been relatively constant
since 2000.

Other Abundance Indices

Trends in Other Relevant Indicators
or Variables

Recent recruitment (2002 — 2010) is estimated to be slightly
below the long-term average.

Projections and Prognosis

Stock Projections or Prognosis

BCO 5 biomass is expected to stay steady over the next 5 to 10
years at the 2012 TACC which approximates the 2012 catch.

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

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

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

Very Unlikely (< 10%)

Assessment Methodology and Evaluation

Assessment Type

Level 1 - Full Quantitative Stock Assessment

Assessment Method

Length-based model with Bayesian estimation of posterior
distributions

Assessment Dates

Latest assessment: 2013 | Next assessment: 2019

Overall assessment quality rank

1 — High Quality

Main data inputs (rank)

- CPUE time series 1 — High Quality
- Proportion at length and
age data from surveys and

commercial catch

1 — High Quality
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- Estimates of biological 1 — High Quality
parameters

- DUV survey absolute
biomass estimate

- Potting survey Z estimates 1 - High Quality

1 — High Quality

Data not used (rank)

N/A -

Changes to Model Structure and
Assumptions

New model

Major Sources of Uncertainty

- Degree to which CPUE reflects abundance
- The age, size and sex structure of the population
- Relationship between abundance and sex change dynamics

Qualifying Comments

Fishery Interactions

Historically, significant quantities of blue cod, taken by potting, were used as bait in the commercial
rock lobster fishery. Since 1996, reporting of blue cod used for bait is mandatory and included as part of
the commercial catch reporting. Some blue cod are landed as bycatch in rock lobster pots and oyster

dredges.

Research needs

Research into the sex change dynamics of blue cod would assist in improving the information that goes
into the BCO 5 stock assessment. Histological analysis of gonads from the randomly stratified surveys
would be a useful approach to assess sex change dynamics. Catch sampling should be undertaken in
BCO 5 and needs to be scheduled as part of the medium term research plan.

BCO 7 - Marlborough Sounds only

Stock Structure Assumptions

For the purposes of this summary BCO - Marlborough Sounds is considered to be a single

management unit.

Stock Status

Year of Most Recent Assessment

2018

Assessment Runs Presented

Catch rates from the fixed and random site Marlborough Sounds
potting surveys

Reference Points

Targetl: Busy-compatible proxy based on the Marlborough Sounds
potting survey (to be determined)

Target 2: Fspaso (FSB45% = 0.26).

Soft Limit: 20% Bo

Hard Limit: 10% Bo

Overfishing threshold: Fsgase

Status in relation to Target

F is Unlikely (< 40%) to be at or below the target

Status in relation to Limits

Unknown

Status in relation to Overfishing

Overfishing is Likely (> 60%) to be occurring
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Historical Stock Status Trajectory and Current Status
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Marlborough Sounds fixed-site and random-site potting survey catch rates of all blue cod by survey year for each region
and overall for the Marlborough Sounds. Error bars are 95% confidence intervals. There were no complete fixed-site
surveys in QCH in 1996, PEL in 1996, and DUR from 1995 to 2001. For the overall Marlborough Sounds plot, the 2004
and 2007 fixed-site surveys exclude Separation Point, and the random-site surveys exclude Cook Strait, hence the strata
are consistent among the surveys for fixed and random site surveys.

Fishery and Stock Trends

Recent Trend in Biomass or Proxy | The Marlborough Sounds fixed site potting survey indices of
abundance increased markedly in 2010 in the Queen Charlotte
Sound and Pelorus regions following the closure of the fishery in
the inner sounds in 2008 (QCH, PEL). The survey indices were
stable in the D’Urville region where the fishery remained open
(DUR). The QCH and PEL fisheries were reopened to a limited
size range of blue cod (slot limit) in April 2011 and the estimated
2013 survey abundance in those regions declined, but no change
was observed in DUR. In 2017, abundance in QCH was not
different to 2013, whereas for PEL and DUR abundance was the
highest of any of the surveys. The overall Marlborough Sounds
catch rates from 2004 onward (where survey strata are consistent
among surveys) indicates that blue cod were more abundant in
2017 than any of the previous surveys.

Cook Strait random-site surveys show no trend in abundance from
2010 to 2017. There are only two random site surveys for the
other regions (2013 and 2017), not enough to comment on trends.

Recent Trend in Fishing Mortality | Regulatory changes to the recreational fishery (e.g. fishery
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or Proxy

closures, changes to MLS and daily bag limits) are likely to have
resulted in a reduction in fishing mortality up to April 2011, after
which mortality increased with the re-opening of the fishery.
Fishing mortality was at least twice natural mortality for the
random and fixed site surveys in 2017, and the spawning biomass
per recruit ratio was 39% (i.e. lower than the target of 45%).

Other Abundance Indices

The mean length of catches taken during the 2010 blue cod
potting survey (following the closure) tended to be larger than
those observed in previous surveys and this has generally been
maintained in 2013 and 2017.

Trends in Other Relevant
Indicators or Variables

- Sex ratio is strongly skewed in favour of males. For
Marlborough Sounds overall, the percent male from random sites
surveys in 2013 was 66%, and in 2017 it was 72% (Table 9).

- Blue cod catch rates were about 10-fold higher, and length about
5 cm larger overall in the Long Island Marine Reserve (head of
QCH) compared to adjacent fished strata in Queen Charlotte
Sound. This is a strong indication that fishing pressure has
reduced the size and abundance of blue cod in the Marlborough
Sounds.

Projections and Prognosis

Stock Projections or Prognosis

Biomass is expected to increase under current management
controls.

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 TACC | Current catches are Likely (> 60%) to cause overfishing to
causing overfishing to continue or to continue.

commence

Assessment Methodology and Evaluation

Assessment Type

2 - Partial Quantitative Stock Assessment

Assessment Method

Fishery-independent potting survey. Fixed and random sites in
QCH, PEL, DUR, and random sites in CKST.

Assessment Dates

Latest assessment: 2018 | Next assessment: 2022

Overall assessment quality rank

2 — Medium or Mixed Quality: mortality estimates compromised by
regulation changes

Main data inputs (rank)

- Potting survey catch rates
from fixed and random site 1 — High Quality
surveys.

- Length and age composition
of catches from random and 1 — High Quality
fixed site potting surveys in
2017

Data not used (rank)

N/A

Changes to Model Structure and
Assumptions

Major Sources of Uncertainty

- Uncertainty in the estimate of M

- Frequent regulatory changes for this fishery are likely to have
resulted in inconsistent fishing mortality over the lifetime of recent
cohorts.

- The predominance of males suggests fishing mortality may be
higher than estimated.

- Trends for random and fixed site surveys between 2013 and 2017
were contradictory in some areas. Random site surveys are believed
to be better indicators of population abundance.
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Qualifying Comments

The survey has been transitioning from a fixed-site to a random-site stratified potting survey. The 2010
survey comprised a full fixed-site survey along with a partial random-site survey in selected strata,
whereas 2013 and 2017 included full fixed and full random site surveys carried out simultaneously. The
next survey will be based on random sites only.

Fishery Interactions

Most of the BCO catch is taken by recreational fishers using line methods. There is a reasonably high
catch of associated species in this fishery, such as spotted and other wrasses as well as other targeted
species such as tarakihi. Most of the commercial catch is taken by potting and has little bycatch.

Table 22: Summary of yields (t), TACCs (t), and reported landings (t) for blue cod from the most recent fishing year.

Fishstocks QMA FMA 2017-18 2017-18

Actual TACC Reported landings
BCO 1 Auckland 1&9 46 8
BCO2 Central (East) 2 10 12
BCO 3 South-East (Coast) 3 163 174
BCO 4 South-East (Chatham Rise) 4 759 752
BCO S Southland and Sub-Antarctic 5&6 1239 1027
BCO 7 Challenger 7 70 71
BCO 8 Central (Egmont) 8 34 6
BCO 10 Kermadecs 10 10 0
Total 2332 2049
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BLUE MACKEREL (EMA)

(Scomber australasicus)
Tawatawa

1. FISHERY SUMMARY

Blue mackerel were introduced into the QMS on 1 October 2002. Since then allowances, TACCs and
TACs (Table 1) have not changed.

Table 1: Recreational and Customary non-commercial allowances, TACCs and TACs for blue mackerel by

Fishstock.

Fishstock Recreational Allowance  Customary Non-Commercial Allowance TACC TAC
EMA 1 40 20 7630 7690
EMA 2 5 2 180 187
EMA 3 1 1 390 392
EMA7 1 1 3350 3352
EMA 10 0 0 0 0
Total 47 24 11550 11621

11 Commercial fisheries

Blue mackerel are taken by a variety of methods but for most of these methods the catches are very low.
The largest and most consistent catches have been from the target purse seine fishery in EMA 1, 2 and
7, and as non-target catch in the jack mackerel mid-water trawl fishery in EMA 7. Most catch is taken
north of latitude 43° S (Kaikoura). Historical estimated and recent reported blue mackerel landings and
TACCs are shown in Tables 2 and 3, while Figure 1 shows the historical landings and TACC values for
these three main stocks. Since 1983-84 the catch of blue mackerel in New Zealand waters has grown
substantially (Table 3), primarily in the purse seine fishery in EMA 1, and have averaged about 10 000 t
annually since 1990-91.

Most blue mackerel purse seine catch comes from the Bay of Plenty (BoP) and East Northland, where
it is primarily taken between July and December. Purse seine fishing effort on blue mackerel has been
strongly influenced by the availability and market value of other pelagic species, particularly skipjack
tuna and kahawai, with effort increasing as limits have been placed on the purse seine catch of kahawai.
The purse seine fishery has accounted for more than 97% of annual EMA 1 landings since at least 1990,
and about 90% of this was targeted (Ballara 2016).

Total blue mackerel catches peaked in 1991-92 at more than 15 000 t, of which 60-70% was taken by
purse seine. More recently, commercial landings of over 12 500 t were taken in 1998-99 (13 500 t), 2000—
01 (13 100 t) and 200405 (12 750 t), with the highest landings recorded in EMA 1 and EMA 7. EMA 1
landings exceeded the TACC in 2004-05, 2006-07, 2009-10, 2011-12 and 2014-15. The 2004-05,
2005-06, and 2008-09 EMA 7 landings also exceeded the TACC. The EMA 7 landings in 2016-17,
however, were the lowest since the mid-1980s. Landings from EMA 2 and EMA 3 have been well
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below the TACCs since the early to mid-1990s; they are primarily a bycatch of purse seine (EMA 2)
and trawl (EMA 3) fisheries.

The blue mackerel catch from EMA 7 is now principally non-target catch from the jack mackerel mid-
water trawl fishery. Highest catches are taken during June, July and October in areas 034 and 035 on
the WCSI and areas 041 and 801 further north (WCNI). Fishing has shifted from south to north in the
last decade. Since the late 1990s, a fleet of Ukrainian vessels has taken most of the catch in the IMA 7
target fishery and these vessels have taken the EMA as bycatch. Since 2004, 0-11% of the EMA 7 catch
has been taken annually by purse seine, down from an average of about 25% between 1991 and 2003.

A number of factors have been identified that can influence landing volumes in the blue mackerel
fisheries. In the purse seine fishery, blue mackerel has become the second most preferred species
because of decreased TACCs on kahawai. Skipjack tuna is the preferred species and blue mackerel will
not be targeted once the skipjack season has begun in late-spring, early summer. Thus, early arrival of
skipjack can result in reduced volumes of blue mackerel being landed.

Management of company quota is complicated by the relative timing of the fishing season and the
fishing year and this, along with the timing of the main market, may influence whether the blue mackerel
TACC can all be taken in a particular year. The fishing season usually begins in about July—August,
runs through to the end-beginning of subsequent fishing years, and finishes in about November. The
main market for purse seined blue mackerel takes up to 80% of the catch and requires premium fish to
be available from early spring. To meet the demands of this market and to minimise the costs of storing
fish from the previous season, fishing companies must carry over some proportion of their quota for a
given year until fish become available the following season. If availability is delayed until after October
1, only 10% of the total quota can then be carried over into the new fishing year.

Because blue mackerel is taken principally as bycatch in the jack mackerel TCEPR target fishery in
JMA 7, factors influencing the targeting of jack mackerel also affect blue mackerel landings. Other
bycatch species taken in this fishery include barracouta, gurnard, John dory, kingfish, and shapper, and,
although non-availability of ACE is unlikely to be constraining in the first three of these, the same is
not true of kingfish and snapper. Fishing company spokespersons have stated that known hotspots of
snapper are avoided. Other factors in this fishery include strategies to avoid the catch of marine
mammals, and a code of practice operates in which gear is not deployed between 2 a.m. and 4 a.m. It is
unknown whether this affects total landing volumes.

Table 2: Reported landings (t) for the main QMAs from 1931 to 1982.

Year EMA 1 EMA 2 EMA3 EMA7 Year EMA 1 EMA 2 EMA3 EMAY
1931-32 0 0 0 0 1957 0 0 0 0
1932-33 0 0 0 0 1958 0 0 0 0
1933-34 0 0 0 0 1959 0 0 0 0
1934-35 0 0 0 0 1960 0 0 0 0
1935-36 0 0 0 0 1961 0 0 0 0
1936-37 0 0 0 0 1962 0 0 0 0
1937-38 0 0 0 0 1963 0 0 0 0
1938-39 0 0 0 0 1964 0 0 0 0
193940 0 0 0 0 1965 0 0 0 0
1940-41 0 0 0 0 1966 0 0 0 0
1941-42 0 0 0 0 1967 0 0 0 0
194243 0 0 0 0 1968 0 0 0 0
1943-44 0 0 0 0 1969 0 0 0 0
1944 0 0 0 0 1970 0 0 0 0
1945 0 0 0 0 1971 0 0 0 0
1946 0 0 0 0 1972 0 0 0 0
1947 0 0 0 0 1973 0 0 0 0
1948 0 0 0 0 1974 38 8 0 6
1949 0 0 0 0 1975 10 0 0 2
1950 0 0 0 0 1976 50 49 0 0
1951 0 0 0 0 1977 34 135 0 0
1952 0 0 0 0 1978 14 55 0 128
1953 0 0 0 0 1979 185 31 0 317
1954 0 0 0 0 1980 752 32 0 407
1955 0 0 0 0 1981 459 49 0 1363
1956 0 0 0 0 1982 305 0 0 791

Notes

1. The 1931-1943 years are April-March but from 1944 onwards are calendar years.

2. Data up to 1985 are from fishing returns: Data from 1986 to 1990 are from Quota Management Reports.

3. Data for the period 1931 to 1982 are based on reported landings by harbour and are likely to be underestimated as a result of under-reporting and discarding
practices. Data includes both foreign and domestic landings.
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Table 3: Reported landings (t) of blue mackerel by QMA, and where area was unspecified (Unsp.), from 1983-84 to

2017-18. CELR data from 1986-87 to 2000-01. MHR data from 2001-02 to present.

QMA
Fishing year 1 2 3 7 10# Unsp Total
1983-84* 480 259 44 245 0 1 1028
1984-85* 565 222 18 865 0 73 1743
1985-86* 618 30 190 408 0 51 1296
1986-87 1431 7 424 489 0 49 2399
1987-88 2641 168 864 1896 0 58 5625
1988-89 1580 <1 1141 1021 0 469 4211
1989-90 2158 76 518 1492 0 <1 4245
1990-91 5783 94 478 3004 0 0 9 358
1991-92 10 926 530 65 3607 0 0 15128
1992-93 10 684 309 133 1880 0 0 13 006
1993-94 4178 218 223 1402 5 0 6 025
1994-95 6734 94 154 13804 10 149 8944
1995-96 4170 119 173 1218 0 1 5680
1996-97 6 754 78 340 2537 0 <1 9708
1997-98 4595 122 78 2310 0 <1 7104
1998-99 4505 186 62 8 756 0 4 13519
1999-00 3602 73 3 3169 0 0 6 847
2000-01 9738 113 6 3278 0 <1 13134
2001-02 6 368 177 49 5101 0 0 11 694
2002-03 7609 115 88 3563 0 0 11375
2003-04 6523 149 1 2701 0 0 9373
2004-05 7920 9 <1 4817 0 0 12 746
2005-06 6713 13 133 3784 0 0 10 643
2006-07 7815 133 42 2698 0 0 10 688
2007-08 5926 6 122 2929 0 0 8982
2008-09 3147 2 88 3503 0 0 6 740
2009-10 8539 3 14 3260 0 0 11816
2010-11 6 630 2 9 1996 0 0 8638
2011-12 8 080 2 28 2707 0 0 10817
2012-13 7213 3 100 2401 0 0 9716
2013-14 6 860 4 29 1200 0 0 8092
2014-15 8134 16 87 892 0 0 9129
2015-16 7226 18 27 761 0 0 8033
2016-17 7551 83 126 625 0 0 8385
2017-18 7988 112 46 3254 0 0 11 400
* FSU data, # Landings reported from QMA 10 are probably attributable to Statistical Area 010 in the Bay of Plenty (i.e., QMA 1).
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Figure 1: Reported commercial landings and TACC for the three main EMA stocks. EMA 1 (Auckland East)
(continued on next page).
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Figure 1: Reported commercial landings and TACC for the three main EMA stocks. From top: EMA 2 (Central
East), and EMA 7 (Challenger to Auckland West).

1.2 Recreational fisheries
Blue mackerel does not rate highly as a recreational target species although it is popular as bait. There

is some uncertainty with all recreational harvest estimates for blue mackerel and there is some confusion
between blue and jack mackerels in the recreational data.

Recreational catch in the northern region (EMA 1) was estimated at 114 000 fish by a diary survey in
1993-94 (Bradford 1996), 47 000 fish in a national recreational survey in 1996 (Bradford 1998), 84 000
fish (CV 42%) in the 2000 survey (Boyd & Reilly 2005) and 58 000 fish (CV 27%) in the 2001 survey
(Boyd et al 2004). The surveys suggest a harvest of 35-90 t per year for EMA 1, insignificant in the
context of the commercial catch. Estimates from other areas are very low (between 500 and 3000 fish)
and are likely to be insignificant in the context of the commercial catch.

The harvest estimates provided by telephone-diary surveys between 1993 and 2001 are no longer
considered reliable for various reasons. A Recreational Technical Working Group concluded that
these harvest estimates should be used only with the following qualifications: a) they may be very
inaccurate; b) the 1996 and earlier surveys contain a methodological error; and c) the 2000 and 2001
estimates are implausibly high for many important fisheries. In response to these problems and the
cost and scale challenges associated with onsite methods, a National Panel Survey was conducted for
the first time throughout the 2011-12 fishing year. The panel survey used face-to-face interviews of a
random sample of 30 390 New Zealand households to recruit a panel of fishers and non-fishers for a
full year. The panel members were contacted regularly about their fishing activities and harvest
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information collected in standardised phone interviews. The national panel survey was repeated
during the 2017-18 fishing year using very similar methods to produce directly comparable results
(Wynne-Jones et al 2019). Recreational catch estimates from the two national panel surveys are given
in Table 4. Note that national panel survey estimates do not include recreational harvest taken under
s111 general approvals.

Table 4: Recreational harvest estimates for blue mackerel stocks (Wynne-Jones et al 2014, 2019). Mean fish
weights were obtained from boat ramp surveys (Hartill & Davey 2015, Davey et al 2019).

Stock Year Method Number of fish ~ Total weight (t) Ccv
EMA1 2011/12 Panel survey 18 438 19.2 0.36
2017/18 Panel survey 15 036 17.3 0.50
EMA 2 2011/12 Panel survey 3346 35 -
2017/18 Panel survey 1209 13 0.69
EMA7 2011/12 Panel survey 11194 11.6 0.42
2017/18 Panel survey 4375 45 0.45

13 Customary non-commercial fisheries
Quantitative information on the current level of customary non-commercial catch is not available.

14 Illegal catch
There is no known illegal catch of blue mackerel.

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

2. BIOLOGY

The geographical distribution and habitat of blue mackerel vary with life history stage. Juvenile and
immature blue mackerel are northerly in their distribution, having been recorded from commercial and
research catches around the North Island and into Golden and Tasman Bay at the top of the South Island.

By contrast, adults have been recorded around both the North and South Islands to Stewart Island and
across the Chatham Rise almost to the Chatham Islands. Sporadic catches of small numbers of yearling
blue mackerel have been made by bottom trawl in shallow waters.

The distribution of blue mackerel at the surface is seasonal and differs from its known geographical
range. During summer, surface schools are found in Northland, BoP, South Taranaki Bight, and
Kaikoura, but they disappear during winter, when only occasional individuals are found in Northland
and the BoP. A possible corollary to this winter disappearance comes from the peak in bycatch of blue
mackerel in the winter jack mackerel mid-water trawl fishery in EMA 7. This suggests an increased
partitioning of the population in deeper water at this time of the year, reflecting an observed behavioural
characteristic of the related Atlantic species, Scomber scombrus. Summaries from aerial sightings data
show that blue mackerel can be found in mixed schools with jack mackerel (Trachurus spp.), kahawai
(Arripis trutta), skipjack tuna (Katsuwonus pelamis) and trevally (Pseudocaranx dentex), and that its
appearance in mixed schools varies seasonally.

Blue mackerel are serial spawners, releasing eggs in batches over several months. Based on gonad
condition, sexual maturity for both sexes of blue mackerel taken in the Great Australian Bight between
January 1979 and December 1980 was estimated to be about 28 cm FL, which translates to an age of about
2 years. Eggs are pelagic and development rate is dependent on temperature. In plankton surveys, blue
mackerel eggs have been found from North Cape to East Cape, with highest concentrations from
Northland, the Hauraki Gulf, and the Western BoP. Eggs have been described throughout the Hauraki
Gulf from November to the end of January, at surface temperatures in the range 15-23°C. Individuals
in spent or spawning condition have been taken in a few tows off Tasman Bay and Taranaki, in EMA
7 and in the BoP in EMA 1.
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Age and growth studies suggest a difference in the age structures of catches taken in the BoP (New
Zealand, EMA 1) and New South Wales (Australia). For fish from the New South Wales study, a peak
was found at 1 year that accounted for more than 55% of the fish sampled, with a maximum age of 7
yr. The BoP results show a much broader distribution, with a maximum age of 24 yr, and a mode in the
data around 8 to 10 yr. Growth parameters estimated in the BoP study are given in Table 5. Following
a gquantitative test of competing growth models in the BoP study, no evidence was found of statistically
significant differences in growth between the sexes in BoP blue mackerel.

Australian studies may underestimate the ages of larger, older blue mackerel in their catch. The
Australian method for estimating blue mackerel ages is based on reading otoliths whole in oil, whereas
the New Zealand method is based on otolith thin-sections (Marriott & Manning 2011). Results from the
New South Wales study referred to above, suggest that blue mackerel 25-40 cm fork length may be 3-
7 years old. Using the New Zealand method, fish in this length range could be as old as 16 years.
Australian scientists, reading whole otoliths, may be missing opaque zones near the margin, which are
visible in sectioned otoliths.

Table 5: Von Bertalanffy growth parameters for Bay of Plenty (EMA 1) blue mackerel (Manning et al 2006).

Males Females  Both sexes
L, 52.49 53.10 52.79
K 0.15 0.15 0.15
to -3.29 -3.18 -3.19
Age range 1.8-21.9 1.8-21.9 1.8-21.9
N 240 269 509

Although Australian scientists have validated the timing of the first opaque zone in blue mackerel
otoliths, their results do not cover the complete life history defined using either the Australian or New
Zealand method. A study attempting to validate the New Zealand age estimation method using lead-
radium dating indicated that blue mackerel in New Zealand are a relatively long lived small pelagic
species, living to at least 17 to 49 years, with the real age most likely nearer the lower value (Marriott
et al 2010). While this range of age estimates is less than desirable for the validation of the growth zone
counting method for this species, the findings are consistent with the New Zealand method where otolith
ageing studies from commercial catches have blue mackerel living to at least 24 years.

Instantaneous natural mortality (M) for male and female fish was estimated using Hoenig’s method
(Morrison et al 2001a). Based on age estimates from otoliths collected during the mid 1980s when
fishing pressure was presumably light, natural mortality estimates of 0.22 for males and 0.20 for females
were derived.

In New Zealand, the diet of blue mackerel has been described as zooplankton, which consists mainly
of copepods, but also includes larval crustaceans and molluscs, fish eggs and fish larvae. Feeding
involves both filtering of the water and active pursuit of prey, with blue mackerel able to take much
smaller animals than, for example, kahawai can.

3. STOCKS AND AREAS

Sampling of eggs, larvae, and spawning blue mackerel indicate at least three spawning centres for this
species: Northland-Hauraki Gulf; Western BoP; and South Taranaki Bight. Nothing is known of
migratory patterns or the fidelity of fish to a particular spawning area. Examination of mitochondrial
DNA shows no geographical structuring between New Zealand and Australian fish. Meristic characters
show significant regional differentiation within New Zealand fisheries waters and, combined with
parasite marker information, Smith et al (2005) sub-divided blue mackerel into at least three stocks in
New Zealand fisheries waters: EMA 1, EMA 2, and EMA 7. No information is currently available on
the stock affinity of fish in EMA 3.
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4. STOCK ASSESSMENT
4.1 EMA 1

4.1.1 Estimates of fishery parameters and abundance

Analysis of aerial sightings data for east Northland (part of EMA 1) from 1985-86 to 2002-03 found
no apparent trends in abundance, apart from a peak off east Northland in 1991-92 for both the number
of schools and the estimated tonnage, and a further strong signal for the number of schools and the
estimated tonnage from 2000-01 to 2002-03.

Using market and catch sampling data collected from 2002 to 2005, estimated numbers-at-length and
numbers-at-age were calculated based on all available groomed length and length-at-age data (Manning
et al 2007). These were done separately by sex and scaled to estimates of the total catch from the purse
seine fishery. Results sho