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2 Executive Summary

2.1 What the report is about

In Australia many stock assessments are dependent upon catch-per-unit-effort (CPUE)
to act as an index of relative abundance of fished stocks through time. But CPUE trends
can be affected by many factors other than just stock size changes. Around Australia,
and internationally, numerous and disparate approaches are used to conduct standardiza-
tions of CPUE using statistical methods to account for the effects of these other factors
(e.g. the effect of which vessel is fishing, and where and when it is fishing). The objec-
tive in all cases is to discover trends in the CPUE that better reflect how the stock’s rela-
tive abundance is changing through time rather than reflecting changes in the fisher’s
behaviour. In attempts to improve how such analyses are conducted and reported in
Australia, stock assessment scientists from CSIRO and Queensland DPI explored an ar-
ray of different aspects of CPUE standardizations. The overall aim was to generate a se-
ries of recommendations to act as a guide or a set of suggestions when it becomes nec-
essary to use CPUE data in a stock assessment.

2.2 Background

Fishery stock assessments need some way of indexing the relative abundance of a fished
stock through time if they are to succeed in summarizing the stock’s dynamics and gen-
erate appropriate management advice. In Australia, with a few exceptions, the only in-
dex of relative abundance available for most fished stocks is fishery dependent CPUE.
It has been common practice internationally to standardize CPUE trends with respect to
factors unrelated to stock abundance to ensure that any trends observed are not due to
those other factors (such as which vessel was fishing, in what area, at what depth, and at
what time of year). Despite the process of CPUE standardization being almost obliga-
tory although still not universally adopted, there is no single accepted method for con-
ducting such analyses. This possibly reflects the fact that there are diverse methods of
fishing for a diverse array of different species. Not surprisingly, this has also led to a di-
verse array of different types of fishery dependent data that varies in the detail, fre-
quency of collection, and geographical scale over which it is summarized. It can vary
from shot-by-shot information with the latitude and longitude of the start and finish to
monthly summary data from 5° x 5° squares. Despite this diversity it is still possible to
draw some general conclusions and make general recommendations regarding the uses
of CPUE.
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2.3 Aims/objectives

There were six objectives to this work:

1. Review the most appropriate catch rate standardisation strategies when targeting is
well defined in multi-species fisheries.

2. Compare alternative catch rate standardization strategies in those fisheries where
both fishery independent and fishery dependent data are available.

3. After modifying Atlantis SE, simulate shot-by-shot commercial catch rate data and
use this in simulation tests for the most robust standardization strategies in mixed
fisheries when targeting is unknown and management interventions influence catch
rates.

4. Use simulated catch rate data to conduct MSE testing of the influence of potential
biased data and standardization strategies on the outcome of stock assessments that
rely on catch rate trends and targets. [MODIFIED: simulated catch rate data/trends
were replaced with 'single species simulated data’].

5. Use simulated catch rate data to test the potential influence of effort creep (tech-
nical improvements in fishing power) on stock assessments. [MODIFIED: simu-
lated catch rate data/trends were replaced with 'single species simulated data'].

6. Based on the results of objectives 1 to 5 write a reference manual on the applica-
tion of the most robust CPUE standardization strategies for Australian fisheries.

Objective 3 and thus 4 and 5, had to be modified when it became clear that the simu-
lated data possible from Atlantis remained at too coarse a level even after significant
modifications to the Atlantis simulation framework. Instead, single species simulated
data was developed and used. This still enabled discussions of the issues of bias and
standardization strategies, as well as the potential effects of effort-creep (which is where
technical changes to fishing improve efficiency but do so invisibly to subsequent anal-
yses).

2.4 Methodology

Separate sections were written dealing with a) potential issues that arise with the CPUE
data itself, b) fishery dependent CPUE and fishery independent survey estimates of
CPUE, c) alternative methods of statistical standardization, and d) the simulation of
shot-by-shot data. In each case methods are described relating to data selection, data
analysis, and other numerical methods used to solve the problems being addressed in
each section.

2.5 Recommendations
2.5.1 Guidelines

The final objective of this work was to write a reference manual on the application of
the most robust CPUE standardization strategies for Australian fisheries. It should be
clear that the range of fisheries in Australia (from benthic hand collected fisheries, to
trawl fisheries, to pelagic purse-seine and lining fisheries) means that there is no single
standard approach to CPUE standardization that will necessarily work well with every
fishery. Nevertheless, it remains possible to write out a set of guidelines that will im-
prove the defensibility of any conclusions drawn from CPUE standardizations as well
as improve the presentation of results from such analyses to assessment groups and
other interested parties. Many of the points made below are included in Chapter 8
(starting on page 145).

Improving Catch Rate Standardizations | 5



2.5.2 Documentation

One pillar of defensibility is complete and explicit documentation of all procedures used
in any stock assessment or analysis so that the analysis can be repeated quickly and eas-
ily. However, most people interested in the outcome of an analysis focus primarily on
the summary or abstract of results and only desire a brief document. Nevertheless, in the
interests of openness and defensibility, many of the suggested recommendations (be-
low) for more text, tables, and plots, should be included at least as supplementary mate-
rials in appendices. With the growth of electronic documents and reduction in the use of
printed documents the size of the final document should not be an impediment to an im-
provement to how such analyses are presented. If a printed document is required, then
the supplementary material need not be printed but should be referred to throughout the
primary document.

In the case of CPUE standardization it is necessary to:

1. Have an explicit section in any report on a standardization that focusses solely on
the data selection and preparation processes and choices.

2. Describe and explain every choice in any data selection made.

3. Ideally tabulate and plot the distributions of catch, effort, CPUE, depth of fishing,
month of fishing, and any other factors/variables included in the analysis to illustrate
the quality of the data being used (helps identify whether there are outliers or there
is rounding, or whether the data has unexpected properties, or just what those prop-
erties are).

4. Be explicit about the statistical models fitted, and how the model parameters (espe-
cially the year, or time-step, effects) are derived.

5. Be explicit about the assumptions behind the statistical distributions used in the sta-
tistical models.

6. Plot diagnostics relating to the statistical fit of the model to the data.

7. ldentify and plot the relative influence of the different factors included in any analy-
sis. Do not rely solely on the variance or deviance accounted for by each factor but
also summarize the impact each factor has on the standardized CPUE trend.

2.5.3 ldeal Sensitivity Options

If enough time is available (albeit this is an unlikely scenario):

1. Apply the same statistical model structures but with different underlying statistical
distributions to describe the residual structure (e.g. log-normal vs Gamma distribu-
tions). This tests for sensitivity to the basic assumptions used.

2. Apply different statistical model structures using the same statistical distribution for
the residual errors structure to consider the sensitivity to model structure.

3. Conduct a retrospective analysis through at least the last half of the available years
of data to search for consistency and/or for major changes in the factors influencing
any trends in CPUE.

2.6 Keywords

Southern and Eastern Scalefish and Shark Fishery, SESSF, catch-rates, CPUE, stand-
ardization, fisheries data, catch and effort data, index of relative abundance.
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3 Introduction
3.1 Why Use CPUE?

Natural resource management is a cyclical, heuristic, and adaptive process involving the
monitoring, assessment, and management of an exploited resource (Figure 1). The pri-
mary problem in the management of natural fisheries resources is the provision of work-
able and relatively consistent advice about the state of exploited stocks (Punt et al.,
2018), which can then be used as the basis for on-going defensible management actions
into the future.

Management Advice: Monitoring: logbooks,

\ 4

Catch or Effort Limit, etc age- and length composition
ﬂk
A 4
Decision Rules |, Stock Assessment:
Harvest Control Rules | determine current status

Figure 1. The cyclic process of monitoring, assessment, and management for fished natural re-
sources, which may operate on an annual or longer time scale. The Decisions Rules constitute
any form of translation of the stock assessment outputs into management advice. They can be a
formal harvest control rule or some other process; they need to lead to repeatable outcomes.

The natural resource management cycle should be reviewed regularly and if a change in
any of the component processes is recognized as being required because of changed cir-
cumstances within the fishery concerned this would amount to adaptive management.

Fishery stock assessments perform best when they include a valid and informative index
of relative abundance through time; these are used to locate the stock dynamics on a real
scale of abundance through time. In this way, the current state of depletion relative to
hypothetical unfished levels, and many other statistics of management interest in Aus-
tralia, especially those identified within the Commonwealth Harvest Strategy Policy
(HSP), can be determined (DAFF, 2007; Rayns, 2007; Smith et al., 2008; Smith et al.,
2014). Australian Commonwealth fisheries generally rely on commercial catch rates
(CPUE) as an index of relative abundance and often CPUE remains the main index of
relative abundance even after Fishery Independent Surveys have been initiated (for ex-
ample in the Northern Prawn fishery). Such fishery independent surveys are only really
useful for assessment purposes after a sufficiently long time series to exhibit trends has
been developed and, importantly, if their inter-annual variation is small enough to allow
any trends through time to be clearly identified; for example, a survey optimally de-
signed for a particular target species may not provide a reliable index for a bycatch spe-
cies taken in the same fishery.

The use of commercial CPUE data is always dependent upon several fundamental as-
sumptions. Chief among these assumptions is that there is some relatively direct rela-
tionship between stock size and related CPUE (Figure 2) and that this relationship re-
mains the same through time (an assumption of stationarity). Generally, the relation-
ship is assumed to be linear, which means as stock size goes up or down, so does the
catch-rate in a directly proportional manner; although it is generally acknowledged that
such assumptions are only approximations. The assumption of stationarity is a major as-
sumption which is broken by such things as technological improvements to fishing gear.

Improving Catch Rate Standardizations | 7



This is well recognized in the term “effort creep”, which is short-hand for the influence
that improved fishing gear or methods can have on the effectiveness of a single unit of
effort. Such “effort creep;’ effectively breaks the assumption of stationarity and this can
lead to significant and misleading bias in any consideration of CPUE as an index of
abundance. This problem will be considered in more detail later.
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Figure 2. Idealized and deterministic representation of the relationship between exploitable bio-
mass and CPUE. The general assumption is that the linear black line is what happens in nature
whereas the other possibilities may be the case, which would distort and bias the interpretation
of observed CPUE. It is also possible that with real fisheries the actual relationship might not be

static nor a nice smooth curve such as those illustrated.

In addition to the assumptions of linearity and stationarity, there are many factors, other
than changes in stock size, which can affect catch rates. For example, if catch rates are
typically higher in the winter months but prices change to become better in the summer
months there could be a shift of effort into the summer months to maximize profit-per-
unit-effort rather than CPUE. Such changes in fishing behaviour would lead to a drop
being perceived in the annual nominal CPUE that was actually due to the changed fleet
behaviour and not to do with the relative abundance of the stock. In an effort to avoid
some of these potentially spurious influences on any average trend, CPUE data are gen-
erally standardized statistically (Kimura, 1981). However, the standardizations can ob-
viously only account for those factors for which there is data readily available for inclu-
sion in the analyses.

3.1.1 Development of CPUE Standardizations in the SESSF

The Commonwealth Southern and Eastern Scalefish and Shark Fishery (SESSF) pro-
vides an example of the development of the use of CPUE data in Australia. The current
fishery derives originally from the South East Trawl (SET) fishery, which became the
South East Fishery (SEF) in the mid-1980s. Many changes to the management of the
SEF began to be introduced from 1985 onwards. As stated in Tilzey and Klaer (1994,

p1):

Before 1985, the fishery was virtually unregulated and trawl fleet ca-
pacity expanded rapidly during the 1970s and early 1980s. Input man-
agement controls based on limiting entry into the fishery were intro-
duced in 1985. A boat replacement (unitisation) policy was introduced
in 1986 to prevent further expansion of fleet capacity. However, the
subsequent development of the orange roughy fishery and a failure to
prevent entry to the SEF resulted in additional increases in fleet ca-
pacity and fishing effort.

8 | Improving Catch Rate Standardizations



An important innovation towards the end of 1985 was the introduction of a new log-
book which required trawl and Danish seine fishers to complete a shot-by-shot log-book
rather than summary information by trip or even by month as continued to be collected
by each State. This meant that the quality and resolution of catch and effort data began
to improve greatly in the Commonwealth, although it took a few years before the data in
that database became less variable between years than seemed biologically plausible
(e.g. Figure 3). Such large changes through short periods of time imply there are large
process errors in the data as well as the more common measurement errors. These large
variations mostly settle down after the introduction of individual transferable quotas
from 1992 onwards.

-
i

SchoolWhiting 4]

I I I I I I I I I I I I
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 20
BlueWarehou405Q

JohnDory

0.0 ‘05 ‘LO ‘15 ‘2

T T T T T I T T T T T I
1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 20

Figure 3. The optimum standardizations (on y-axis) for four fisheries from Sporcic and Haddon
(2016, p10) illustrating the greater inter-annual variation in the years immediately following the
introduction of the new log-book in Oct 1985. RRP is Royal Red Prawn. Obviously, the x-axis
relates to years.

The advent of the high yielding short-lived fishery for orange roughy had long lasting
effects upon the SEF. The first large catches off western Tasmania only really began in
1986 and the whole fishery rapidly expanded to a maximum in 1990 after which catch
limits by orange roughy zone began to be introduced (Table 1).

In 1990, the on-going expansion in fleet capacity and a decline in some major fish
stocks (especially Eastern Gemfish, but also Redfish; see Appendix 2 for species
names) led to the development of a new fisheries management plan that introduced out-
put management controls on 1 January 1992 in the form of Total Allowable Catches
(TACs) and individual transferable quotas (ITQs). These were set for 16 major SEF
species groups: Blue-Eye Trevalla, Blue Grenadier, Blue Warehou, Gemfish, Jackass
Morwong, John Dory, Mirror Dory, Ocean Perch, Orange Roughy, Pink Ling, Redfish,
Royal Red Prawn, Silver Trevally, Spotted Warehou, and Tiger Flathead. Such a major
shift in management meant there was a greatly increased need for stock assessment ad-
vice although information sufficient for the generation of management advice suitable
for output-controlled fisheries was limited to only five of the 16 stocks in 1992.

The use of CPUE data could only begin with the development of a time-series of suffi-
cient length to permit a useful analysis of trends through time. The early data from the
catch and effort database was often more variable between years than biologically plau-
sible if the assumption of a relationship between CPUE and stock size was valid (Fig-
ure 3). The catch rate estimates were initially simple ratio estimates (total catch divided

Improving Catch Rate Standardizations | 9



by total effort), then a range of alternative statistical models were examined to deter-
mine whether they provided a consistent measure of the catch-rate trends for a few lim-
ited species for which more complex stock assessments were being developed. Eventu-
ally the need to standardize the CPUE of more and more species developed and a more
generally agreed approach based around general linear models (e.g. Haddon, 1998) was
settled upon.

Table 1. Orange Roughy catches (t), as reported in the AFMA catch and effort log-
book database. Records only start in August 1985. A 700m deepwater closure was in-
troduced in 2007 and Orange Roughy was declared a conservation dependent species
effectively shutting the Orange Roughy fishery. After demonstrating a stock rebuild
the Eastern zone was re-opened, in a limited manner, in 2015.

Year Eastern Southwest Southeast Western Cascade NERemote GAB  South Tas Rise

1985 5.5 57.5 09 128.6 0.3

1986 32.8 604.1 26.7 3924.9 0.3

1987 310.3 320.8 31.8 5118.0 1.8 10.4  406.2

1988 1948.4  468.9 4722.2 2.7 2820.2 1.7
1989 18345.2 4993.7 2626.0 1365.1 258.5 1.5 3793.2 1.0
1990 16198.5 14898.7 9897.7 801.6 1822.3 215.7 1056.5 35.9

1991 9727.3 3496.3 80251 625.4 39.5 437.7 423.1
1992 7622.7 24128 5241.6 1108.2 468.5 131.9 7418
1993 1793.8 2484.3 47584 964.4 91.8 420 6473
1994 1481.2 2165.1 2307.8 800.6 4785 128.4 82.4

1995 1817.0 14305 6135 9624 78.3 7.9 3451

1996 1818.6 503.1 278.4 1180.3 868.5 548 359.1 3.6
1997  1909.8 2176 2325 297.0 1092.6 224 332.0 1460.3
1998 1858.0 80.5 2151 316.1 1448.4 33.0 6479 2878.4
1999 1892.7 69.9 95.0 210.5 1534.9 29.4 819.7 1834.1
2000 1900.0 156.5 130.7 169.3 1536.5 153 3493 791.4
2001 1783.9 1422 1989 200.8 1363.0 149 374.6 169.4
2002 1521.5 67.2 90.5 255.7 1462.5 38.7 2176 102.3
2003 747.9 942 1149 2175 1563.6 66.5 226.4 11.3
2004 719.7 42.1 97.1 283.1 14446 40.0 150.1 48.5
2005 713.8 55.9 37.6 264.6 1262.5 16.7 117.1 12.0
2006 577.4 4.3 1.2 1393 7017 20.5 215.2 0.2
2007 116.1 4.9 16.9 28.6 204.0 1.7 44.4

The early assessments in the SEF mostly revolved around a consideration of such CPUE
data: “Most current stock assessments in the SEF rely primarily on analysis of catch and
effort data (including information on discarded catch from the ISMP) combined with
some information on age and length composition of the catch and limited biological in-
formation” (Tilzey, 1999, p34). With some exceptions (Orange Roughy and Eastern
Gemfish, for which more advanced models had been developed) performance criteria
for each fishery were limited:

AFMA has set performance criteria based on, among other things,
trends in catch per unit effort (CPUE). The catch rate criterion seeks
to maintain CPUE above its lowest annual average level from 1986 —
1994. In using this criterion, AFMA recognized that there were a
number of factors other than stock abundance that could affect catch
rates. .... The AFMA performance criteria do not specify how catch
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per unit effort is to be determined. SEFAG has attempted to standard-
ize catch rates, but no satisfactory method has so far been developed.
(Tilzey, 1999, p 34 - 35)

The option of using statistical standardizations in the SESSF was recognized early on
(Klaer, 1994) but mostly ratio mean catch rates were used for a number of years after
the introduction of quotas in 1992. The introduction of using geometric mean CPUE
based on shot-by-shot records rather than ratio means was a first step in the improved
statistical treatment of CPUE data. Even in the 1998 Fishery Assessment Report (Tilzey
1999) standardized catch rates were only used for a limited number of fisheries (Haddon
1998; Haddon, 1998b; Haddon, 1999; Haddon and Hodgson, 2000), and then usually to
complement the development of age-structured stock assessment models (Punt, 1998;
Punt et al, 2001). At that time there were Fishery Assessment Groups for just a few in-
dividual species, which eventually became amalgamated into the more general South
East Fishery Assessment Group. Up until 2006, standardizations with separate reports
were conducted for individual species but as the number of species with more formal
stock assessments increased so did the number of CPUE standardizations. Haddon
(2007) was the first report which combined eight species across different combinations
of zones and fisheries to lead to a total of 14 standardizations selected from 127 statisti-
cal models. The species included were: Blue-Eye Trevalla, Blue Grenadier, Blue Ware-
hou, Tiger Flathead, Jackass Morwong, Redfish, Silver Trevally, and Spotted Warehou.
Since then the number of species, and stocks has greatly increased (Sporcic and Had-
don, 2016). The latest analyses included 23 species spread across 43 different combina-
tions of stocks and fisheries, not including the commercial shark species and some other
particular analyses (e.g. Haddon, 2016b). The number of different statistical models is
now considerable.

3.1.2 Recent Management and Other Changes

With the advent of the Commonwealth Harvest Strategy Policy in 2007, with its associ-
ated structural adjustment or buyback scheme occurring between Nov. 2005 and Nov.
2006, the character of various Commonwealth fisheries has altered remarkably in a
number of different ways. On top of these management changes there is also the poten-
tial for changes in fishery dynamics due to climate change impacts on such things as sea
temperatures and the geographical distribution of species, and the average productivity
of species (Pecl et al, 2017). Such changes would have their respective impacts on re-
ported commercial CPUE data. Thus, there is the potential that stock assessments that
use these CPUE data as an index of relative abundance will become compromised if
these changes have altered the character of the CPUE and such changes are not taken
into account.

Other major changes have been seen in the Southern and Eastern Scalefish and Shark
Fishery (SESSF) and the Northern Prawn Fishery (NPF), for example, which have both
seen a remarkable reduction in the number of active vessels brought about by the struc-
tural adjustment in 2006/07. Similarly, the re-organisation of the Queensland State fleet
and demersal fisheries has seen large changes in fisher behaviour and the structure of
the fleet. In the multi-species, multi-gear SESSF the buyout reduced the trawl fleet by
40% and non-trawl vessels by 16%; although particular fisheries for individual species
within the SESSF often saw greater reductions in vessels reporting the capture of those
species (Vieira et al., 2010). The structural adjustment was able to increase the com-
bined profitability of the remaining vessels because the available quota was distributed
among fewer vessels (Vieira et al., 2010). In addition to changes in profitability the re-
duction in the various fleets led to relatively large changes in fishing behaviour. These
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changes were also influenced by some of the most important species caught in the
SESSF achieving their target reference point. Many fishers are now claiming that they
have now started to avoid catching such economic driver species as Tiger Flathead (Ne-
oplatycephalus richardsoni). Flathead are now reported as being relatively simple to
catch and fishers also report that they are avoiding catching Flathead as fast as they
could if they tried (in other words they avoid them) so as to enable them to catch the
quota they hold for other species as well as their Flathead quota. If such changes in tar-
geting behaviour were in fact happening right across the remaining fleet it would clearly
bias catch rates downwards. However, without explicit information regarding the
changed targeting behaviour, such reductions in catch rate would be interpreted as a re-
duction in stock size. In fact, in species with fully quantitative assessments (Tier 1) such
data would presumably become inconsistent with other data relating to age-structure
and length-structure of the fished stocks. So such changes in the quality of the commer-
cial CPUE data can either bias subsequent stock assessments or lead to them becoming
less certain due to conflicts among the different data streams. Because of the reliance of
Commonwealth stock assessments on commercial catch rate data for an index of rela-
tive abundance there is an urgent need to understand the impacts on CPUE of all of the
changes imposed on Commonwealth fisheries with the advent of the HSP and structural
adjustment. If the time series of CPUE have been disrupted this needs to be demon-
strated so that appropriate actions can be implemented in the annual assessments. It is
not the case that the catch rates of all species will be affected to the same amount. The
research would need to identify those species for which changes to their stock assess-
ment would be required and those for which little or no change was needed.

On top of these management influences there is also the potential for alterations in fish-
ery dynamics due to climate change impacts on such things as sea temperatures and the
subsequent geographical distribution of species. These changes would be affecting the
assumption of stationarity by altering the relationship between the stock size in a given
area and its catch rate. The potential importance of this issue should not be under-esti-
mated as non-stationarity in growth rates has already been demonstrated in a number of
species and the assessment of jackass morwong in the SESSF has already been changed
to reflect a switch to a less productive state by the east coast stock (Wayte, 2010). As
mentioned previously, changes in the technological aids used when catching fish has
also had an impact on the assumption of stationarity. ‘Effort creep’, brought about by
such things as the advent of GPS, GPS plotters, and colour bottom lock depth sounders
has undoubtedly improved the efficiency of fishing vessels. Unfortunately, insufficient
information was collected at the time of adopting such technology that accounting for
such changes in relative fishing power is difficult or impossible.

3.2 Indices of Relative Abundance

Formal stock assessments require some form of index of relative abundance in order for
them to track dynamic changes in the population size of harvested fish populations. Ab-
solute abundance indices are possible (possibly from tagging studies or egg production
studies) but these can only be considered absolute estimates if relatively stringent as-
sumptions and conditions are met; invariably great uncertainty remains.

Stock assessments that relate to stock biomass need an index of relative abundance. The
more complicated and inclusive ‘Integrated Assessments’ (Maunder and Punt, 2013)
can include indices of relative abundance and catches by different fishing methods, age-
and length-composition data from different sources, tagging data, and whatever else is
available. When there are multiple data streams in such models the question arises about
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what relative weight to ascribe to each data series (Richards, 1991; Francis, 2011; Punt,
2017). Francis (2011) suggested a guideline which states: “do not let other data stop the
model from fitting abundance data well” (page 1124), and this has become a strong in-
fluence on stock assessments since. As such, gaining an understanding of whatever in-
dex of relative abundance is in use takes on a greater importance.

Two common indices of relative abundance are time series of commercial CPUE data
(as used in the stock assessments of Flathead, Pink Ling, etc) and time series of fishery
independent survey abundance indices (as used in the eastern Orange Roughy stock as-
sessment (Haddon, 2017).

3.2.1 Fishery Independent Survey Abundance Indices

Fishery independent surveys, whether they be swept area trawl surveys, acoustic sur-
veys, or even standard long-line sets, are all considered to be able to provide the best
view of a stock’s size available. Of course, with any fishing, and especially where a sur-
vey needs to be run within specific dates across specific areas, there are no guarantees
that any particular survey will provide usefully accurate estimates of the stock biomass
of a species, especially in mixed fisheries. Just as with commercial CPUE data it is not
only the within year precision of mean estimates of relative abundance that matter in
stock assessments but how consistent the between year estimates are. For example, if
there appear to be large inter-annual changes in relative abundance from a survey time-
series then a long time-series is needed before any trends in the data could become in-
formative in a stock assessment.

3.2.2 Commercial CPUE

Commercial CPUE have been used in fishery assessments from early in the history of
fisheries science (Garstang, 1900; Russell, 1931). CPUE data are used in very many
fishery stock assessments in Australia as an index of relative abundance through time.
Invariably, the assumption is made that there is a direct relationship between catch rates
and the amount of exploitable biomass. However, many factors can influence catch
rates, including who was fishing with what vessel and gear, in what depth, in what sea-
son, in what area, and whether it was day or night (plus other factors, although infor-
mation may not be available for all factors of importance).

To use CPUE as an index of relative abundance means that it would be best to remove
the effects of variation due to changes in these other factors on the assumption that what
remains will provide a better estimate of the dynamics of the underlying stock biomass.
This process of adjusting the time series of CPUE for the effects of other influential fac-
tors is known as standardization and the accepted way of doing this is to use some sta-
tistical modelling procedure that focuses attention onto the annual average catch rates
adjusted for the variation in the averages brought about by all the other factors identi-
fied. This process is termed statistical standardization.

The primary assumption behind using commercial catch rates in stock assessments is
that they reflect the relative abundance of the exploitable biomass through time. The
‘through time’ phrase is especially important as it implies that any relationship between
CPUE and stock abundance remains consistent through time. This is important because
in addition to the various factors of location, depth, gear, vessel, etc, there are other fac-
tors and events for which there may be no available data. The legitimacy behind using
commercial CPUE can be questioned when there are factors significantly influencing
catch rates which cannot be included in any standardization. In the Northern Prawn
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Fishery (NPF) for example, changes in the fishing gear and how it has been deployed
have increased the effective fishing power of individual vessels between 4 and 6 times
between 1970 — 2002 (Dichmont et al, 2006). This sort of effect has been termed “effort
creep’ as well as ‘technological interactions’, although this latter term is often restricted
to interference between vessels affecting their CPUE. In the SESSF it is likely that the
introduction of GPS and GPS Plotters, for example, also led to a form of effort creep
but it has not been documented and thus not available for inclusion into CPUE standard-
izations to date.

In addition to technology improvements, as mentioned earlier, over the last two decades
there have been a number of major management interventions in the SESSF including
the introduction of the quota management system in 1992, the introduction of the Har-
vest Strategy Policy (HSP) and associated structural adjustment in 2005 — 2007, and the
switch from a calendar year fishing season to one from May to April starting in May
2007. In addition, the combination of quotas that can limit catch and the HSP, is now
controlling catches in such a way that many fishers have reported altering their fishing
behaviour to try to take into account the availability of quota and their own access to
quota needed to land the species taken in the mixed species SESSF. It may be coinci-
dence, but in some species the dates of those major management interventions, 1992
and 2007, correlate strongly with major changes in CPUE (Figure 4).

SilverWarehou4050 CPUE
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Figure 4. The standardized CPUE for Silver Warehou (Seriolella punctata) from SESSF zones
40 and 50. The dashed line is the geometric mean CPUE and the solid line the optimum stand-
ardized CPUE with the red 95% confidence intervals around the mean estimates. Both time-se-
ries are scaled to a mean of 1.0 to ease visual comparisons. The fine blue lines occurring be-
tween 1991 and 1992, relate to the introduction of quota management, and between 2006 and
2007, relate to the introduction of the structural adjustment and the Harvest Strategy Policy. Ob-
viously, the x-axis relates to years.

Some stocks, such as tiger flathead (Neoplatycephalus richardsoni), are near or around
their target stock size and catch rates are at historically high levels. As a result of this
success, some fishers report having to avoid catching species, such as flathead, so as to
avoid having to discard and to stay within the bounds of their own quota holdings. Such
influences on catch rates tend to bias the catch rates downwards, or at very least add
noise to any CPUE signal, which could lead to misinformation passing to any assess-
ment. Currently, there is no way to handle this issue, but care needs to be taken not to
provide incorrectly conservative advice or inappropriately high catch targets. Included
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in the management changes is the on-going introduction of numerous area closures im-
posed for a range of different reasons, which have different influences on different fish-
eries depending on their circumstances.

A major on-going issue is whether or not there is a consistent relationship between
CPUE, even standardized CPUE, and each stock’s relative abundance. Currently there is
no way in which to demonstrate this solely on the basis of the data themselves. To make
such a validation would require some means of reliably estimating the stock’s abun-
dance through time so as to compare with any apparent trends in the commercial CPUE
through time. Fishery independent surveys may provide a means of calibrating or con-
firming any trends seen in commercial CPUE. In the SESSF, however, such surveys
have only been running every two years since 2008 (and the first trial year may not have
been comparable with following surveys).

3.2.3 Using Indices of Relative Abundance in Stock Assessments

For a stock assessment model to be able to generate valid management advice for a par-
ticular fished stock it needs to be fitted to data from that stock. What this means is that a
fishery population dynamics model needs to be fitted to data from the fishery with that
data consisting of the catches, discards, CPUE or survey indices (or both), and ideally
age and length composition data plus any other information available. Both CPUE and
survey indices can change dramatically between years whereas, except where some cat-
astrophic event has occurred (Gorfine et al, 2008), or a species is naturally highly vola-
tile, such as Arrow squid or Commercial Scallops, such large and rapid changes in pop-
ulation size are biologically implausible. What the population dynamics model implies
in such instances is that the population size trend passed smoothly through the central
tendency of the variation unless other more informative data drives the population dy-
namics in a different direction. Thus, if a particular data set has very large inter-annual
variation, whether it be CPUE or a fishery independent index, then the fitting process
will not be greatly influenced by that data series.

Whatever the case, the use of CPUE in Australian fishery stock assessments is a poten-
tial source of problems and issues for those stock assessments. This present project aims
to consider the strengths and weaknesses of CPUE data and make recommendations for
improving how it may be used in the future.

3.3 Project Objectives

1. Review the most appropriate catch rate standardisation strategies when targeting is
well defined in multi-species fisheries.

2. Compare alternative catch rate standardization strategies in those fisheries where
both fishery independent and fishery dependent data are available.

3. After modifying Atlantis SE, simulate shot-by-shot commercial catch rate data and
use this in simulation tests for the most robust standardization strategies in mixed
fisheries when targeting is unknown and management interventions influence catch
rates. [MODIFIED: simulated catch rate data/trends were replaced with 'single
species simulated data'].

4. Use simulated catch rate data to conduct MSE testing of the influence of potential
biased data and standardization strategies on the outcome of stock assessments that
rely on catch rate trends and targets. [MODIFIED: simulated catch rate data/trends
were replaced with 'single species simulated data’].
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5. Use simulated catch rate data to test the potential influence of effort creep (tech-
nical improvements in fishing power) on stock assessments. [MODIFIED: simu-
lated catch rate data/trends were replaced with 'single species simulated data’].

6. Based on the results of objectives 1 to 5 write a reference manual on the applica-
tion of the most robust CPUE standardization strategies for Australian fisheries.

The third to fifth objectives had to be modified once it had been determined that Atlan-
tis SE was only able to generate pooled mean CPUE estimate for relatively coarse scales
within the simulated single species fisheries. Atlantis is designed as an ecosystem and
hence multi-species model. The attempts to generate single species data from the Atlan-
tis simulation framework will only ever achieve a limited resolution. An alternative ob-
jective adopted was:

3. Simulate shot-by-shot commercial catch rate data and use this in simulation tests
for the most robust standardization strategies in mixed fisheries when targeting is
unknown and management interventions influence catch rates.
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4 Potential Issues when using CPUE Data

4.1 Introduction

Commercial catch rates (CPUE) often constitute the only available index of relative
abundance in many fisheries, including in Australia. This makes the important assump-
tion that CPUE is at least proportional to a fished stock’s biomass, which implies that if
biomass goes up or down the expectation is that so will CPUE, although possibly with a
time-lag. In addition to this assumption it has long been recognized that changes in
nominal catch rates can be influenced by many factors other than changes in stock size
(Kimura, 1981; Ye and Dennis, 2009). Statistical catch rate standardization aims to re-
duce the effects of other factors, such as vessel, month, and depth of fishing, on any
CPUE trends through time so that the standardized index should more closely reflect the
actual relative abundance (Maunder and Punt, 2004; Campbell, 2015). In fact, many as-
pects of the process other than the actual analytical methods used can influence the out-
come of CPUE standardization. These other aspects include the quality and amount of
fisheries data available, and whether the data used have been filtered or censored in any
way. It is very common to read mention of such data selections being applied but rare
that such practices are explained, defended, or even described in detail.

4.1.1 The Statistical Methods Used

For a CPUE standardization to act as an index of relative abundance in a stock assess-
ment then generally the objective of the analysis is to provide a detailed description of
any trends through time rather than attempting to make predictions of how those trends
may develop into the future. This objective influences the methods that might be used
for such analyses and how their results are to be interpreted. An array of methods has
been used for conducting statistical CPUE standardizations, including Linear Models,
Generalized Linear Models, Generalized Additive Models, Generalized Linear Mixed
Models, and others (Venables and Dichmont, 2004). Comparisons have been made be-
tween the various methods when applied to the same data sets but, so far, no universally
optimum analytical strategy has been identified. Part of the reason for this is no doubt
the diversity of the quality and quantity of data that are available from different fisher-
ies. This can vary from summary data across different physical and temporal scales
(perhaps monthly in five-degree squares) down to shot-by-shot data that includes enor-
mous detail but also potentially a good deal of noise.

4.1.2 The Data Used

At whatever scale of fishing operation, wherever catch and effort values are estimated
by the fisher then such CPUE data generally suffers from rounding errors. When fitting
statistical models to such observations all the statistical methods used attempt to gener-
ate predicted CPUE values to compare with each observation. Data quality issues, espe-
cially the rounding of catch and effort values, can make the selection of an appropriate
probability density function with which to model the data difficult. Invariably the analy-
sis and data selected in any particular case is a compromise that attempts to discover
which data are informative with respect to observed catch rate trends within a particular
fishery (where a fishery is for a given species in a defined region using a given gear)
and account for any statistical properties of the catch rate data.

How the available data are treated prior to analysis is an aspect of the practical imple-

mentation of catch rate standardizations that is rarely discussed, in particular how data
to be included in the analyses are selected and what impact such selections can have on
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the outcomes of the analysis. The primary objective of any initial data selection is usu-
ally to focus attention on data that can be considered more representative of a stock’s
dynamics. If CPUE is related to the stock biomass (will be informative about the bio-
mass levels) then catches in the fishery are expected to affect that biomass and hence
the CPUE; increased catches should eventually lead to decreased CPUE and decreased
catches to higher CPUE (which is only an approximate description but a reasonable
starting point for a developed fishery). Thus, data are selected that are intended to repre-
sent where most of the fishing occurs, the core of the fishery, by those particular vessels
that are attempting to capture the species concerned. Such criteria would reject data
from the periphery of a fishery and data from vessels that were not intending to capture
the species. A problem with such criteria being used to guide data selection is that the
core of a fishery may change and targeting of a species is generally unknown and gener-
ally has to be inferred from the data itself.

Typically, commercial catch and effort data are collected from fishers in some form of
log-book (paper or electronic). This data can include many different aspects of the fish-
ing operations and be reported at different geographical and temporal scales. Logbooks
will commonly contain data on an array of factors relating to location, date/time, depth,
effort, and catch, all in relation to a specific gear and vessel. Fortunate analysts also
have data on each vessel’s characteristics relating to its relative fishing power and how
that may have changed through time (Bishop et al., 2004; Bishop, 2006). Other, less
fortunate, analysts may only have each vessel’s name and can only assume that the ves-
sel has had stable characteristics and skippers through time (Haddon, 2014), both of
which assumptions being highly doubtful!

4.1.3 ldentifying the Fishery Core

CPUE data from commercial fisheries can be copious. In the Australian South Eastern
Scalefish and Shark Fishery (SESSF; Smith et al., 2008) detailed fisheries data has been
collected since 1986 and for the more important target species there can be 100,000s of
records across the years. Fitting statistical models to such data has its own array of
problems.

Ideally, when fitting statistical standardization models to data, each level of each factor
being included will have an equal amount of data available, i.e. the data are balanced
across the factors being investigated. In addition, each factor being examined is as-
sumed to be independent (orthogonal to other factors) although they may interact in
their effects on the dependent variable (the CPUE). These ideal assumptions are invaria-
bly badly compromised by fisheries data. For example, if depth of fishing is included in
the analysis then, not unexpectedly, a given species would be expected to exhibit a
depth preference, and this can be reflected in the relative numbers of observations made
in different depths (Figure 5). With factors like Depth it is common to eliminate rarely
reported depths as a way of minimizing the number of empty to relatively empty cells in
the analysis matrix. Such imbalances across levels of a factor and between factors lower
the power of any hypothesis testing but their effect on simply describing the trend in ex-
pected mean CPUE is less well understood.

Even with 100,000s of records for a given species not all of them will reflect the core of
a fishery where the species can best be captured and possibly targeted and so some data
selection is often made. This process usually begins by identifying the fishery to which
the analysis is to be applied through selecting records from a fisheries database for a
particular species from defined areas taken with a specific fishing gear. The selection of
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the species may seem obvious although it is especially important in mixed fisheries such
as the SESSF.

The areas used need to reflect the distribution of the fishery and the stock, ideally cover-
ing an identifiable fishery both in management and biological terms. Even in the ab-
sence of evidence-based biological stocks (meaning a mostly isolated reproductive unit)
it often remains possible to define evidence-based management units that relate primar-
ily to fishing behaviour but that exhibit a degree of homogeneity of properties sufficient
for the region to be analysed separately (Begg and Waldman, 1999; Cope and Punt,
2009). If major management changes have occurred in a fishery this may also suggest
that an initial selection of a set of defined blocks of years could be made. These initial
stages of data selection merely relate to identifying a particular fishery of interest; it is
assumed that there would be a defensible argument available justifying the selection of
a given species taken by a given method in particular areas and periods. None of this in-
itial selection should be controversial or in need of much discussion, although, in the in-
terests of repeatability any selection decisions should still be fully documented. That is
simple to state but in fact very few documents describing CPUE analyses provide de-
tails concerning the criteria used in their data selection. Where data selection becomes
more controversial and even less well discussed is in any further data selection follow-
ing this fishery identification stage.
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Figure 5. Using Tiger Flathead (Neoplatycephalus richardsoni) from SESSF zones 10 and 20
from 1997 — 2015 to exemplify the highly unbalanced distribution of observations of catches by
depth, Month, Vessel, and Year. The month factor is the best balanced of the four illustrated.
The reduction in the number of records following the structural adjustment at the end of 2006 is
clear in the bottom right plot.

4.1.4 Documentation and Defensibility

The standardization of commercial CPUE has become standard practice in almost all
fisheries of significant financial value which use CPUE data, although exceptions exist
(Linnane et al, 2015; Mayfield et al, 2014). However, many such standardizations are
often only reported in the so-called grey-literature and the details of the processes and
methods are often very limited even in the better documented ones. It will be argued and
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recommended here that standardization of available catch and effort data should become
routine but also that reporting or documenting the assumptions of the analysis, the de-
tails and justifications of any data selections used, and of the specific methods and soft-
ware used should also become routine.

The data we have from a fishery, in many cases, constitutes the only available evidence
about the stock status of the fished species. Any manipulation of such data should there-
fore be documented in sufficient detail to defend such operations to interested stake-
holders. Problems with CPUE data are well known (errors, outliers, non-linearity be-
tween CPUE and exploitable biomass, etc) although each data set tends to have its own
selection of issues that dominate. Each issue, depending on how it is dealt with, has im-
plications for statistical standardizations. Even if a particular issue is not important for a
given data set, in the interests of openness and improved defensibility it would be good
practice to document in each analysis the assumptions made and how each known issue
has been dealt with.

There are a number of routine operations that are often conducted on CPUE data, but
which would be impossible to repeat without documentation. The best form of openness
with respect to the analysis of data is for the analyses to be repeatable by others and this
provides a clear benchmark for adequate documentation. There is an array of specific
issues that should be given attention in any such documentation:

¢ the identification and removal of outliers and mistakes (data errors),

e (ata selection aimed at focussing analyses on targeted effort,

e commercial CPUE data while often abundant is often highly unbalanced among the
factors that influence its values,

o the factors for which there are data are often correlated rather than independent, and

e commercial CPUE is on estimated catch and effort and these are often rounded nu-
merically leading to unusual (non-parametric) data characteristics.

Each of these aspects to CPUE standardization needs attention and each will be exam-
ined in this chapter.

4.1.5 Data Errors

Notoriously, fisheries data from commercial logbooks are often contaminated with er-
rors. Fishers may fill in log books when tired, or in rough seas, and errors can include
transcription errors, data entry errors, missing values, and even deliberate errors. Data
entry can require the interpretation of hand written logbooks so occasional errors are not
surprising, for example, extra digits can accidentally be included e.g. 6000m instead of
600m or 60m as a depth or net length. Deliberate errors can also be recorded by fishers
e.g. in the location data where the latitude and longitude of a favourite fishing site will
not be revealed and spurious coordinates are reported instead.

Many of the more extreme such errors can be captured by reasonable range checking on
data entry, but the practicality of having to enter a large number of records in a short
time has sometimes seen such range checking turned off. Under quota systems, log-
books can sometimes become legally binding documents that must be entered as they
are written and clarification of obvious errors by contacting individual fishers can be
time consuming, especially as fishers can be expected to be at sea for significant
amounts of time.
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4.1.6 Data Selection Criteria

Given the recognized issues and potential problems with fisheries data it would appear
to be a defensible strategy to pre-select data records for inclusion in any analysis with
the objective of eliminating potentially spurious or erroneous records and removing
empty factor levels from consideration. Effectively, such data selection replaces range
checking that might have occurred at the point of data entry with a process of data rejec-
tion prior to analysis.

In addition to the removal of outliers, preliminary data selection is also often used when
attempting to focus analyses on those records that are taken to be more representative of
the fishery, perhaps where the species of interest was more likely to have been targeted
or at least expected to be part of the catch in what is a mixed fishery. Fisheries data is
often highly unbalanced across the many factors that might influence CPUE, such as
year, vessel, depth, month, region, etc (Figure 5). For example, a species may very
rarely be caught at the extreme deep end of its depth range and inclusion of such un-
common deep records may increase uncertainty more than they improve the standardi-
zation. It could thus be argued that it is defensible to select data for analysis from a par-
ticular depth range just as data for a particular species from particular areas are selected.
This approach is sometimes taken further with the selection of particular vessels based
on defined criteria (e.g. present for a minimum number of years in a fishery, or some
minimum mean annual catch, etc), all with the justification of focusing on the primary
targeted fishery for a species.

While the objectives of such extended data pre-selection can appear clear and reasona-
ble the details and mechanics of the criteria used for making such selections and the im-
plications that these selections have for the analyses are rarely made clear. Nevertheless,
the process is common and has been termed data ‘selection’, “cleaning’, and even
‘grooming’, although generally very few details are given for how it was done, what cri-
teria were used, or even why it was done. Such a lack of documentation makes such
practices less defensible and means that repeating or updating those analyses becomes
difficult or impossible.

4.1.7 Section Objectives
There are three objectives to this present section:

¢ identify characteristics of commercial CPUE data that may complicate statistical
standardization analyses and often lead to data selection,

e explore the impact of different types of preliminary data selection on the outcomes
of catch rate standardization and, where possible,

¢ identify strategies for minimizing, or at least identifying any potentially adverse ef-
fects, and improving the repeatability of the analyses.
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4.2 Methods

4.2.1 Species Data Used

The SESSF is a highly mixed fishery in which specific targeting is relatively limited ex-
cept for species such as Orange Roughy (Hoplostethus atlanticus), which lives in habi-
tats that are separated from most other species (Tilzey and Klaer, 1994). Catch rate data
from the SESSF is commonly used in stock assessments every year and the CPUE data
are routinely standardized prior to use in these assessments (Haddon, 2014). Three rec-
ognized target species will be examined in the following analyses: Tiger Flathead (Neo-
platycephalus richardsoni), Pink Ling (Genypterus blacodes), and Jackass Morwong
(Nemadactylus macropterus). The first two species remain two of the primary economi-
cally valuable species in the SESSF, and Jackass Morwong used to be important, alt-
hough now its productivity has declined (Wayte, 2013), its relative value to the fishery
as a whole has also declined. In the examples considered here the focus will be on trawl
fisheries for those three species that operate in the eastern part of the SESSF, which ex-
tends over more than 10 degrees of latitude and more than 5 degrees of longitude (Fig-
ure 6). Log-book data is available at the time of writing from 1986 — 2015/2016.
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Figure 6. Schematic map of SESSF reporting blocks 10-30, with the fine blue lines represent-
ing block boundaries. The locations of Sydney, Melbourne, and Hobart are indicated by black
squares from top to bottom. The main fisheries for Tiger Flathead and Jackass Morwong are in
zones 10 and 20 while that for the eastern stock of Pink Ling is found in zones 10, 20 and 30.

4.2.2 Other Data Used

To demonstrate that the fuzzy nature of estimated catch and effort data is not found only
in the SESSF, data for Tiger prawn catches in the Northern Prawn fishery from 2013
were extracted from the catch and effort data base. The trawling is relatively continuous
with the nets being hauled at relatively brief intervals and effort is recorded as total
hours fished in the day so CPUE is recorded as catch per shot. The catches reported
across the season that were under 100 kg were plotted as frequencies of reporting in 1
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kg units to reflect the reporting practices. To provide a further contrasting fishery, com-
mercial catch and effort data from the Tasmanian abalone fishery was also considered
where catches are in kgs and effort is in dive hours.

4.2.3 Data Quality

The catches and effort that go into generating CPUE data are generally estimated by the
vessel skippers and, as estimates of weight on moving vessels, can be expected to ex-
hibit levels of uncertainty. The detailed distribution of catches and of effort will be ex-
amined along with the original ranges of such log-book data to illustrate some of the
limitations of commercial CPUE data that lead to a need to exclude outliers. Simple tab-
ulation and plots are sufficient to perform such data checking. Catches, effort, and
depths of fishing will be examined in detail for the effect on statistical standardizations
of removing different, seemingly extreme, minimum and maximum amounts of effort
for each species and fishery.

4.2.4 The Effect of Depth Selection

The selection of particular depth ranges is a common reflection of the fact that species
generally have preferred depth ranges within which most catches of those species can be
taken (Haddon, 2014). This is well recognized and the assessment groups responsible
for reviewing the stock assessments for these species have identified particular depth
ranges to be included in the data selection for the three species exemplified here (Table
2). In addition to the simple tabulation of the proportion of catches and records with
and without the selection, statistical standardizations with and without these depth se-
lections will be conducted and their yearly index estimates compared.

Table 2. Data selection analyses conducted. Years relates to the minimum number of
years a vessel reports catches from a fishery. Mean Annual Catch determines the re-
quirement for including a vessel in the analyses. Finally, the minimum catch per rec-
ord is applied to all data rather than by vessel. In each case these data filters were ap-
plied only after the agreed depth range had been selected. A record was included in
the available data when a minimum of 1 kg was reported. The agreed depth ranges are
those set by the SESSF Assessment Group and Management Advisory Committee as
best representing the expected range of the fishery for each given species.

Common Name Flathead Pink Ling Jackass Morwong
Minimum Years 1,3,5,10, 15 1,3,5,10, 15 1,3,5,10, 15
Mean annual catch (t) 0.001, 1,5, 10,15 0.001,1,5,10,15 0.001,1,5,10, 15
Minimum catch (kg) 1, 5, 30, 60 1, 5, 30, 60 1,5, 30, 60
per record

Maximum catch (kg) 1000 750 1000
Zones 10, 20 10, 20, 30 10, 20
Agreed depth range 0 - 400 250 - 600 70 - 300

4.2.5 Selecting Vessels on Years in Fishery and Average Annual Catch

In the SESSF, early standardizations used forms of data selection to focus analytical at-
tention upon the more important vessels in a fishery, for example, by selecting only
those vessels that had been in the blue grenadier fishery (Macruronus novaezelandiae)
for at least two years with an average catch of at least 5 tonnes (Punt et al., 2001). This
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form of selection will be explored further using the three chosen SESSF species and, in
each case, the minimum number of years a vessel reported catches from a fishery and
the minimum annual catch for a vessel to be included in an analysis range from using all
available data up to requiring multiple years or high levels of catch (Table 2). Once
again standardizations will be conducted on each version of the censored data sets and
the outcomes compared to determine the effect of such data selections in terms of the
final trend in standardized CPUE and the estimated variation around each trend.

4.2.6 Selecting Records relative to Minimum or Maximum Catches

An alternative selection strategy might be to use only those records where a defined
minimum catch was achieved, with the argument that if less was taken in a particular
shot then it is unlikely the shot was targeting the species. This data selection strateg