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NON TECHNICAL SUMMARY

2000/ 101 Development of harvest strategies for selected SEF species

PRINCIPAL INVESTIGATOR: Dr Anthony D. M. Smith
ADDRESS: CSIRO Marine Research
GPO Box 1538
Hobart, TAS 7001
Australia
Telephone 03 6232-5222 Fax 03 6232-5000

OBJECTIVES:

1. To extend the general SEF operating model for evaluating harvest strategies and
performance indicators to deal with fisheries subject to exploitation using multiple
gear-types / fleets.

2. To develop a user interface for the software used to conduct stock assessments and
evaluate harvest strategies in the SEF, and to improve the presentation for non-
experts (non-quantitative biologists, managers and industry) who wish to use the
software.

3. To parameterise the operating model using the actual data for redfish, pink ling, tiger
flathead, and spotted warehou and hence select robust assessment methods and
harvest strategies for these species.

4. To evaluate the costs and benefits associated with different data aquisition strategies
for these species (with particular reference to fishery-independent survey techniques).

5. To develop the modelling software in a manner which lends itself to tailoring (by
CSIRO and other agencies) to suit Commonwealth or State fisheries.

NON TECHNICAL SUMMARY::

A harvest strategy is a set of rules that define the data to be collected from a fishery, how
those data are to be analysed, and how the results of the data analyses are to be used to
determine management actions. One part of a harvest strategy is often a method of
fisheries stock assessment. In the context of Australia’s South East Fishery, harvest
strategies would be used to specify Total Allowable Catches (TACs).

The Management Strategy Evaluation (MSE) approach was to be used to compare the
performances of a variety of harvest strategies for four of the species in Australia’s South
East Fishery (tiger flathead, Neoplatycephalus richardsoni, redfish Centroberyx affinis,
spotted warehou, Seriolella puncata, and pink ling, Genypterus blacodes). The aim of the
analyses of this project was to extend the analyses of Punt et al. (Defining robust harvest
strategies, performance indicators and monitoring strategies for the SEF. Report of
FRDC 98/102) in the following ways: (a) allow for multiple gear-types, (b) base the
values for the parameters of the operating on the actual data for the four species.

This report outlines methodology to address objectives 1), 2), and 4). It summarizes the
mathematical specifications for extending the operating model used by Punt et al.
However, numerical problems precluded the ability to evaluate candidate harvest



strategies. The numerical problems were: (a) how to allow for gear competition among
multiple fleets within the context of a discrete-time population dynamics model, (b)
difficulties achieving fits of the operating model to the data for which the Hessian matrix
was positive definite given that the objective function includes constraints, and (c)
conflicts between the way growth was included in the operating model and the actual data
for the four species.

KEYWORDS: harvest strategy, Monte Carlo simulation, South East Fishery



1. BACKGROUND

The South East Fishery is a classic example of a fishery complicated by its multispecies
and multigear nature. It is managed by setting total allowable catches (TACs) for some
individual species. However, the level of information differs for each species, and
information on stock status provided to the SEF TAC Sub-Committee ranges from output
from sophisticated assessments models evaluating alternative harvest regimes to cursory
examinations of trends in catch and effort data (e.g. Smith and Wayte, 2002). However,
TACs have to be set for each quota species irrespective of the amount of available
information. To date, however, no explicit account appears to have been taken when
setting TACs of the quality of the data on which scientific advice is based.

Each SEF species is required to have management objectives, management strategies and
performance indices. For some of the SEF quota species, the management objectives
have been conflicting. For example, the management objectives for blue grenadier used
to include development of the spawning season fishery and prevention of declines in the
catch-rates for the non-spawning fishery — objectives that were clearly in conflict.
Industry and SEFAG have recognised that the performance indicators for several SEF
species are inadequate and require revision. The species-specific assessment groups
established by SEFAG at the time this project started (EGAG, BWAG, BGAG, ORAG
and RAG) had started to address this issue. However, little progress had been made
beyond noting that changes to the management objectives, management strategies and
performance indices were required. No progress had been made at all on revising the
objectives, strategies and performance indicators for species for which species-specific
assessment groups had not been established, even though some members of the SEF TAC
Sub-Committee had expressed substantial interest in clearly interpretable information that
could be used to set TACs.

If performance indicators are to be useful for setting TACs, it is necessary to link them to
harvest strategies that specify what management actions are to be taken if a target or a
limit for a performance indicator is approached or triggered. A harvest strategy is a set of
rules that specify the data to be collected for management purposes and how those data
are to be used to determine management actions. Harvest strategies can potentially be
used to deal with many aspects related to management (e.g. minimum sizes, closed
seasons). However, to date they have only been used to specify the TAC. Harvest
strategies often consist of two components: an assessment method and a catch control law
(Figure 1). The assessment method is used to analyse the data collected from the fishery
to estimate the quantities needed to set the TAC (e.g. current biomass, Maximum
Sustainable Yield). The catch control law uses the information obtained during the
assessment to determine the TAC. The results of FRDC 98/102 (Punt et al., 2001a, 200243,
2002b) suggested that assessments (and hence harvest strategies) based on the Integrated
Analysis approach to fisheries stock assessment (e.g. Fournier and Archibald, 1982;
Methot, 1990; 2000) perform best.
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Figure 1 : A harvest strategy illustrating the difference between the assessment and
catch control law components.

When this project commenced, a harvest strategy had been in place for eastern gemfish
since 1996 and had substantially reduced the difficulty in setting TACs for this species.
However, performance indicators were generally not linked to harvest strategies (the
exceptions being orange roughy and eastern gemfish) so it was unclear what (if any)
management actions were appropriate were the targets or limits for a performance
indicator to be approached or triggered.

Dealing with uncertainty is one area where modelling of fisheries has expanded
substantially in recent years (Francis and Shotton, 1997; Punt and Hilborn, 1997,
Patterson, et al. 2001). It is now possible to develop models of fishery processes that
allow for typical levels of natural variability, consider multiple species and multiple fleets
simultaneously, and take account of spatial factors. Such models are now increasingly
being applied to provide management advice for Commonwealth-managed fish species.
For example, the 1999 assessment of blue grenadier allowed for variability in
recruitment, and explicitly modelled the process of discarding (Punt et al., 2001b) while
the 1999 assessment of school shark (Punt et al., 2000) explicitly modelled the dynamics
of movement and migration. The assessment models that were tested as part of FRDC
98/102 (Punt et al., 2001a) incorporate many of these features and have been applied in
actual assessments of SEF species (e.g. those of blue warehou Seriolella brama and
eastern school whiting Sillago flindersi), substantially reducing the time and cost
associated with conducting assessments for these species.

The robustness of alternative harvest strategies to uncertainties caused by, for example,
misspecification of biological processes and model structure uncertainty can be evaluated
using operating models. The general operating model developed as part of FRDC 98/102
allows for variability in growth, selectivity and natural mortality, discarding due to lack
of quota, and the impact of depth on catchability, size-composition and data collection.



The opportunity for funding research for many SEF species is (and will remain) limited.
The value of research and monitoring programmes therefore needs to be evaluated
carefully through a cost-benefit analysis so that research funds are used to achieve
maximum benefits in terms of satisfying the management objectives for the SEF.

2. NEED

Given AFMA’s need to satisfy its ESD objective, there is a need to consider uncertainty
explicitly and identify performance indicators and harvest strategies that are as robust as
possible to incorrect assumptions and misinformed interpretations of data. Use of these
indicators and harvest strategies will improve the chances of achieving a reasonable
balance between the conflicting objectives of long-term resource sustainability and the
maximisation of economic gains.

The project also addresses to some extent two key areas in subprogram (B) of the Wild
Stock Program of the SCFA Research Committee: “Biological and socio-economic
evaluation of alternative management scenarios for different species and categories of
fishery to provide a framework for management planning” and “The evaluation and
provision of harvest strategy models through comparison of management strategies using
theory and case studies, establishing objective performance indicators for different
jurisdictions and identifying options which are appropriate to the nature of the fishery”.

FRDC project 98/102 (Punt et al., 2001a) has already identified several areas where there
is considerable uncertainty. However, that project focused on ‘generic’ data-poor species
(although tailored to some extent to the actual situation for jackass morwong
Nemadactylis macropterus, pink ling Genypterus blacodes, tiger flathead
Neoplatycephalus richardsoni, and spotted warehou Seriolella puncata, species that have
been identified as ‘high’ and ‘medium’ priority by SEFAG). ldeally, harvest strategy
calculations need to be tailored to the particular species to achieve optimal outcomes.
This project aimed to evaluate harvest strategies for the four species that received initial
focus in FRDC 98/102. FRDC 98/102 also focused on situations in which the fishery is
based on a single gear-type only. However, it is increasingly being realized within
SEFAG that even within the trawl sector there are sub-fleets, each of which differ
substantially in terms of their selectivity. For example, for blue warehou, the trawl fishery
off New South Wales has a selectivity pattern more similar to that of the non-trawl fleet
based at Lakes Entrance than that of the trawl fleet based in Portland (Punt, 2000).

One of AFMAs legislative objectives relates to providing cost-effective fisheries
management. Increasingly, industry is being expected to bear some of the costs
associated with the monitoring on which stock assessments and hence TACs are based.
There is therefore a need for an objective process for determining the trade-off between
monitoring costs and the ability to which AFMAs management objectives are satisfied.
The aim of this study is to examine this question within the scope of the trade-off
between catch and risk.

Finally, there is a major need for stock assessment of more species in the SEF. However,
although data for many species is poor, there are nevertheless fewer assessments than



there could be due to a lack of software for conducting the increasingly complicated
assessments demanded by stakeholders. FRDC 98/102 developed software modules for
implementing several commonly applied stock assessment methods (including
“Integrated Analysis” — the basis for the most recent assessments of blue grenadier,
eastern school whiting, eastern gemfish Rexea solandri, orange roughy Hoplostethus
atlanticus, and blue warehou). If the detailed output from the software that implements
these assessments could be available in an easily useable and visual form, this software
could provide a better basis for conducting routine stock assessments.

3. OBJECTIVES

The objectives for the study were:

1) To extend the general SEF operating model for evaluating harvest strategies and
performance indicators to deal with fisheries subject to exploitation using multiple
gear-types / fleets.

2) To develop a user interface for the software used to conduct stock assessments
and evaluate harvest strategies in the SEF, and to improve the presentation for
non-experts (non-quantitative biologists, managers and industry) who wish to use
the software.

3) To parameterise the operating model using the actual data for redfish, pink ling,
tiger flathead, and spotted warehou and hence select robust assessment methods
and harvest strategies for these species.

4) To evaluate the costs and benefits associated with different data aquisition
strategies for these species (with particular reference to fishery-independent
survey techniques).

5) To develop the modelling software in a manner which lends itself to tailoring (by
CSIRO and other agencies) to suit Commonwealth or State fisheries.

4. METHODS

This report focuses exclusively on the methods considered to address objectives 1), 2)
and 4). In common with previous studies that aimed to evaluate harvest strategies for
marine renewable resources (e.g. Bergh and Butterworth, 1987; Butterworth et al., 1997;
Butterworth and Punt, 1999; Cochrane et al., 1998; Geromont et al., 1999), the scientific
approach on which the analyses would be based is the management strategy evaluation
(MSE) approach (Smith, 1994; Punt et al., 2001c). Punt et al. (2001a) identify four
questions that can be addressed using the Management Strategy Evaluation approach,
viz.:

e Evaluation of the extent to which alternative methods of setting future TACs
(harvest strategies) can satisfy the management objectives.

e Evaluation of which methods of stock assessment are able to provide sufficiently
reliable estimates of quantities of interest to management (such as current biomass
and MSY).

! Also referred to as ‘management procedures’ and ‘decision rules’.



e Evaluation of whether proposed performance indicators are able to detect the
events that they were designed to identify.

e Evaluation of the (management) benefits of research and monitoring programmes.

The advantages of basing decisions regarding the selection of appropriate tools for use in
the assessment and management of marine renewable resources on the results from the
application of the Management Strategy Evaluation approach are detailed elsewhere (e.g.
Smith, 1994; Cooke, 1999; Cochrane et al., 1998). However, in the context of the SEF,
the primary advantage of the MSE approach is that it can explicitly take uncertainty (in
the data available, the values for the parameters of models, the structure of the models
upon which advice is based, and the ability to implement management actions) into
account.

The primary objective of the MSE approach is to identify, in an objective manner, the
trade-offs among the management objectives across a range of management actions. This
is the information the decision makers need to make an informed decision about
management actions, given the importance they assign to each of five legislative
objectives of the Australian Fisheries Management Authority (AFMA)?, given that these
objectives are contradictory to some extent (i.e. there are trade-offs among achieving
different objectives). The relative importance of different objectives will, of course, relate
to the social, legal, and political context for each management decision. However, by
basing the decision on the trade-offs among the management objectives, this context is
laid bare. The ideal management action is one that is “robust” to the identified
uncertainties rather than one that is “optimal” for any one scenario (but may be poor for
several other scenarios).

In simple terms, the MSE approach involves evaluating the entire management system
(including research programmes, stock assessment methods, performance indicators, and
harvest strategies) by means of Monte Carlo simulation. This approach to evaluation has
a long history in quantitative fisheries science (e.g. Southward, 1968; Hilborn, 1979;
Donovan, 1989).

The steps in evaluating alternative harvest strategies are as follows (Figure 2):
e |dentification of the management objectives and representation of these using a
set of quantitative performance measures.

2 AFMAs five legislative objectives (Anon, 1998) are:

e implementing efficient and cost-effective fisheries management on behalf of the Commonwealth;

e ensuring that the exploitation of fisheries resources and the carrying on of any related activities are
conducted in a manner consistent with the principles of ecologically sustainable development and
the exercise of the precautionary principle, in particular the need to have regard to the impact of
fishing activities on non-target species and the long term sustainability of the marine environment;

¢ maximising economic efficiency in the exploitation of fisheries resources;

e ensuring accountability to the fishing industry and to the Australian community in the Authority’s
management of fisheries resources; and

e achieving government targets in relation to the recovery of the costs of the Authority.
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e ldentification of the alternative harvest strategies.

e Development and parameterization of a set of alternative structural models (called
operating models) of the system under consideration.

e Simulation of the future use of each harvest strategy to manage the system (as
represented by each operating model). For each year of the projection period
(usually 15-25 years), the simulations involve the following four steps.

e Generation of the types of data available for assessment purposes.

e Application of a method of stock assessment to the generated data set to
determine key management-related quantities and the inputs to the catch
control law.

e Application of the catch control law element of the harvest strategy to
determine the TAC based on the results of the stock assessment. The catch
control law may include one or more performance indicators.

e Determination of the (biological) implications of this TAC by setting the catch
for the “true” population represented in the operating model based on the
TAC. This step can include the impact of “implementation uncertainty” (e.g.
Rosenberg and Brault, 1993).

e Summary of the results of the simulations by means of the performance measures
and presentation of the results to the decision makers. Results are often presented
as a “decision table” showing the performance of each harvest strategy relative to
each management objective.

|Specify management objecﬂves|
\

|Deve\op performance measures|

Develop aperating mode\‘ |Deve|op harvest stroteg'\es‘

Generate annual doto‘

l Dato Apply stock assessment
|
|App\y harvest strategy |
¢ TAC  |Apply catch control law

‘Updote population dynomics‘

Model m

‘ Performance measures

Figure 2 : Outline of the MSE approach.

The following two sections focus on: (a) the structure of the operating model and, in
particular, how the operating model developed by Punt et al. (2001a) has been extended
to allow for multiple fleets, and (b) how this operating model could be fit to the actual
data for the species to be considered in the MSE evaluations.

4.1. The operating model
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The operating model is a multi-gear-type (multi-fleet) and multi-region population
dynamics model. It is based on the model developed by Punt et al. (2001a, 2002a)
although it has been extended to allow for multiple gear-types. Some of the features of
the operating model developed by Punt et al. (2001a) have been omitted from this
operating model (e.g. density-dependence in growth and time-dependence in fleet
selectivity) because these features were found by Punt et al. (op. cit.) to be largely
inconsequential in terms of the performance of decision rules.

4.1.1. Basic population dynamics

The dynamics of each of the species are represented using age- and size-structured
models. The area over which fishing takes place is divided into discrete regions to allow
for spatial structure (in fishing mortality and population structure). Each age-class is
divided into several “growth-groups” and it is assumed all animals in a growth-group
have the same growth rate. This permits individual variation in growth to be modelled in
a relatively parsimonious manner. The dynamics of the populations for the years y > yo
(where year yy is the first year considered in the model) are therefore governed by the
equation:

if a=0
il,A
Ny+1,0
; L Sl Ay il A M .
Nyity =4 > XA NGLA U LA e Mo if l<a<x (1)
rx
i,ALA LA LA L -ML, LA LA L -M] .
;xy | NJEAU A Ny U e | £ 8

where Niy*"é;A is the number of fish of species i and age a in growth-group | and region A
at the start of yeary,
U ;”IéA is the fraction of fish of species i and age a in growth-group | and region A
that survives fishing during year y:

LA il
U y,aA =1- Fy,aA (2)

Fy‘;;*A is the exploitation rate on fish of species i and age a in growth-group | and
region A during yeary,

M, s the instantaneous rate of natural mortality on fish of species i and age a,

! is, for a fish of species i, the length-class corresponding to age a and
growth-group |,

X‘y'A"A'E is the probability that an animal of species i in length-class L in region
A’ at the end of year y moves to region A:
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i,AYAL

Xi,A',A,E egx‘,y -
Yo gl,A,A,L - N(0,0'i) (3)

i,ALA"L X,y

i,AVA" L L 8X
X

o
o, is the parameter that determines the extent of inter-annual variation in

movement among regions, and
X is the maximum (lumped) age-class.

i,AVAL
Xy =

4.1.2. Recruitment and spawner biomass
The number of 0-year-olds added to the population each year (i.e. the number of births) is
given by:

(ély / éé)yi egivy—(o{)Z/Z
o'+ p'(B,1By)

il,A il,A
Ny =z
y,0

(4)
where I§§ is the spawner biomass for species i at the start of year y:

B, =22 > mp wyy Ny (5)

A a=1 |

m is the proportion of fish of species i in length-class L that are mature,

e

w‘E is the average mass of a fish of species i in length-class L,

a', B,y are the parameters of the relationship between spawner biomass and
year-class strength for species i,

&, isthe recruitment residual for year y and species i, &, ~ N(0;(o})?),

""" is the fraction of births to species i that are found in growth-group | and
region A, and

o is the standard deviation of the logarithms of the multiplicative

fluctuations in year-class strength for species i.

The form of the stock-recruitment relationship (Equation 4) allows for depensatory
processes. The values for the parameters of this relationship are derived from

specifications for the pre-exploitation equilibrium spawner biomass, I§(§, the steepness of
the stock-recruitment relationship, h' (Francis, 1992), and §', the ratio of the number of
births expected at 0.153 for the depensatory stock-recruitment relationship to that

expected at this biomass for a Beverton-Holt stock-recruitment relationship when both
relationships are assumed to produce the same number of births at 0.2 I§(‘) (Liermann and

Hilborn, 1997; Punt, 1998). Appendix C describes how the values for o, B and y are
calculated from those for B, , h, and .

4.1.3. Growth
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The average mass and length of a fish of species i and age a in growth-group | are given
by the equations:

W, =w (L /L) (6a)
L= [ (e @ 9)) (6b)
where L is the asymptotic length for a fish of species i in growth-group I,

L is the mean asymptotic length for a fish of species i,

w is the mean asymptotic weight for a fish of species i,

e is the mass-length exponent for species i,

&' is the growth rate for a fish of species i in growth-group I, and

t; is the “age” at which a fish of species i has zero length.

Equations 6a and 6b are based on the assumption that length-at-age and mass-at-age are
time-invariant. This assumption is known to be violated for some SEF species (e.g. Punt
and Smith (2001)). However, there are insufficient data to quantify how growth rate
might depend on, for example, the size of an incoming recruitment.

4.1.4. Catches and discarding
The total landed catch in mass of fish of species i by fleet f during year y is given by:

C;,f :(l— Diy,f )ZZX:ZWE; p;,g,f SNIi,Ii,f k)il,A,f N;,‘IAA e—M;/z ©)
A a=0 |
where k‘y"*'f is exploitation rate by fleet f in region A during year y on fully-selected
fish of species i,
p‘y'f;f is the expected proportion of fish of species i and age a in region A that are
available to fleet f,
D:" s the fraction of the catch of species i that could potentially be landed by

fleet f during year y but is discarded because operators lack sufficient
quota,

St is relative selectivity (landed catch) on fish of species i in length-class L
by fleet f:
Sttt =8k (1-sp"") (8)

St™ s the relative selectivity on fish of species i in length-class L by fleet f,
and
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SL?'” is relative selectivity (discarded catch) on fish of species i in length-class
L by fleet f.

The total discarded catch of fish of species i by fleet f during year y is given by:

CD- ZZZW“ p'y’;f (gg{;if lesll__lllf)klAf N|IA 12 )

A a=0

Equation (7) is the standard catch equation based on the selectivity pattern for the landed
catch, modified to exclude the fraction of the catch that is discarded due to lack of quota.
Equation (9) is the combination of the catch of small fish (based on the “discard”
selectivity pattern) and the catch that could be landed but is discarded due to lack of

quota. The sum C/""+C>"" is the total catch by fleet f according to the overall
selectivity pattern.

The exploitation rate (all gear-types combined) on fish of species i and age a in growth-
group | and region A during yeary is given by:

Fyi:IA zplAfslfklAf (10)

L|I

The exploitation rate on fish of species i by fleet f in region A during year y is computed
using the equation:

) Ci,A,f,obs
ky*" = . (11)
if i if i, I
(1-D}") Ozl“wga. pya Sl Ny e
where Cj*"o is the observed catch (in mass) of species i by fleet f in area A
during yeary.

Selectivity is assumed to be a function of length and to be governed by a logistic curve:

_ L i, f -1
sif=l1 —/n19 12
: {pr[ T LSD -

where Ls’o is the length-at-50%-selectivity on fish of species i by fleet f,
L'95f is the length-at-95%-selectivity on fish of species i by fleet f , and
L- is the midpoint of length-class L.

Two key sources for discarding are considered in the operating model, viz, discarding
due to the lack of quota, and discarding of unmarketable small animals. The “discard’
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selectivity pattern is assumed to be a logistic decreasing function of size and to be
independent of fleet:

Dif _ A
o _1+exp[(I:—L5Ddi)/§D'i] 1)

where L2 s the length at which discarding for species i is half the maximum

possible rate,

5P is the parameter that determines the width of the ogive defining discarding
for species i, and

#°' is the parameter that defines the maximum fraction of a catch of any
length-class of species i that can be discarded.

Quota-related discarding is defined as the fraction of the catch of species i that could
potentially be landed by fleet f during year y but is discarded because operators lack
sufficient quota (Punt et al., 2001a):

Dif =Dife™ " gl ~N(0;02) (14)
5)',’f is the expected amount of quota-related discarding by fleet f for species i
during yeary:
if y<1992
0
5‘y'f D" if1993<y <2000 (15)
max([_)”w, 0] .
20 if y>2000

D"" s the expected amount of quota-related discarding by fleet f for species i
over the years 1993 to 2000, and
o, Is the parameter that determines the extent of inter-annual variation in

quota-related discarding.

Equation (15) reflects the fact that no quota-related (but some size-based) discarding
occurred before the quota system was implemented in 1992 and also the increasing trend
for operators to better “manage” their quota holdings to avoid quota-related discarding.
The assumption that there will be no quota-related discarding in 2020 is optimistic but
should be adequate for the purposes of this study.

The exploitable biomass for fleet f and species i in region A at the start of year y is:

B =T T Sy N o
|

a

4.2 Projecting forward
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The projections beyond 2002 are based on the same equations as are used to model the
period 1985-2002, except that the recruitment residuals (see Equation 4) are generated
rather than being treated as estimable parameters.

The sizes of the annual landed catches by species and fleet are driven by the constraints
imposed by the Total Allowable Catch, TAC, and by the ability to market catches. The
TAC by species and fleet is determined by applying a harvest strategy to data generated

by the operating model. Each species is assumed to have a threshold catch level, Cy“'f :

For species that are easy to market such as pink ling, the threshold is the TAC (i.e.
C,"" =TAC,") while for species that can be difficult to market, C;" is the minimum of

the TAC and a value generated from the historical catch data (to reflect the “market
demand”). Following Punt et al. (2001a), the fleet-and region-specific fishing efforts,

E{,“ , are selected by minimizing the penalty function, P, i.e.:

P=R+P, (17)

4
i £} /ST e B ST E |
oA fr A"
4 cif _GLif 2
sz:( y y ) |fC;/f<é)|,'lf

) zz(c'yf _éyLvivf )2 otherwise
i f

where EAT is the average effort by fleet f in region A over the years 1994-2000.

P2

The exploitation rate by fleet f in region A during a future year y on fully-selected fish of
species i, k‘y'A’f is related to the effective fishing effort in each region A:

k)il,A,f _ qi,A,f EyA,f es&’,ﬁ'“(a&"”)IZ giAT N (O; (Gtiq,A,f)Z) (18)

q.y

where qi*A'f is the relative catchability of fully-selected animals of species i by fleet f
in region A,
a(;'A'f is the extent of variability in catchability for species i, region A and fleet f,

Ey’*f is the effective fishing effort by fleet f in region A during year y:
EM =E}M eV (19)

A is the parameter that determines changes over time in efficiency; the term

e allows for an exponential increase in catchability over time due to the
possible impact of improved technology and skill in the fishery.

The term P, in Equation 17 places a penalty on changes in the spatial distribution of

effort (severely penalising large departures from the average spatial effort distribution) by
raising the difference between the spatial effort distribution for year y and the average
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spatial effort distribution to the power 4. The term P, places a penalty on not matching

the threshold catch levels exactly. The values for the control parameters in Equation 17
are chosen so that the actual landed catches match the threshold catch levels relatively
closely but without a huge change in the spatial distribution of fishing effort.
Undercatching the threshold catch levels is penalised to a greater extent that overcatching

it. If C-"" exceeds C,"', the difference between C*' and C."' is assumed to be
discarded.

4.3 Conditioning the operating model

Conditioning involves specifying the values for the model parameters. The outcome of
the “conditioning’ process is that the simulation trials are able to the mimic the available
monitoring and research data ‘satisfactorily’. Table 1 lists the parameters of the operating
model. Some of these parameters can be set based on auxiliary information, some are pre-
specified (and sensitivity is examined to alternative values for these parameters), while
the remainder are estimated by fitting the operating model to the available monitoring
data.

The objective function minimized to estimate the “free” parameters of the operating
model includes four sources of data and penalties on the recruitment residuals and on the
depletion of the spawning biomass in 1985.

L'=>"1L (20)
k
where L is the total objective function for species i, and
L, if the k™ component of the total objective function (one component for

each of the four data sources and the penalty on the recruitment residuals
and on the depletion of the spawning biomass in 1985).

4.3.1 Catch-rate data

The contribution of the catch-rate data for fleet f in region A to the objective function for
species i is based on the assumption that catch-rates are log-normally distributed about
their expected values, i.e.:

Lulzzzz fno_(;,A,f_’_ 1 2(gnl)i/,A,f,obs_gn(qi,A,fB;A,fe;{y))Z 1)
f Ay

o)

where 1" is the catch-rate index for year y, species i, region A and fleet f.

iLAf Af

The values for g and 0;' are obtained using the equations:

I,
M

qi,A,f _ i,f Zgn(I;,A,f,obs /(Biy,A,fe/ly)) (22a)
y

O'(;'A'f :\/niay;AVfZ(gnl;,A,f,ObS _gn(qi,A,f B;,A,f elY))z (22b)

y
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where n;'“ is the number of years for which catch-rate data are available for species i,
region A, and yeary.

4.3.2 Discard rate data
The contribution of the observed mass of discards to the objective function is based on
the assumption that the errors in measuring the fraction of the total catch of species i that

is discarded by fleet f are log-normal with a coefficient of variation of o', i.e.:

=ZZ Yo +—l (fnp' f.obs Enp;‘f )2 (23)
y f

2(o3')

where o' s the (pre-specified) residual standard deviation,

p;,f ° js the observed fraction of the catch (in mass) of species i by fleet f that is

discarded, and
,o‘y'f is model-estimate of the fraction of the catch (in mass) of species i by fleet
f that is discarded:

if
P L i 24
C, +Dy
4.3.3 Catch-at-age data
The contribution of the catch-at-age data to the objective function is either based on the
assumption that the catch proportions-at-age are multinomially distributed (Equation 25a)
or log-normally distributed (Equation 25b), i.e.:

_zzleAflandz |Aflandobs£n(p;2f /plAfIandobs) (258_)

i= i,Af |Aflandobs i,A,f
L3 zzzz fn[ IAIand |Af) yCIZ] ('Oya ) Kn(p ,0 )
Z(O_EA,Iand )2 (25b)
where py% "% is the observed fraction of the landed catch of species i by fleet f in

region A that is of age a,
p'y’; f is model-estimate of the fraction of the landed catch of species i by

fleet f in region A that is of age a:
p;/gf C;’V;\f/ZCIAf

Ny~ is effective sample size for species i, region A, fleet f and year y,

a'CA'a”d is overall coefficient of variation of the catch-at-age data for

species i, fleet f and region A, and
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7e is a parameter that determines the relationship between the

coefficient of variation of a proportion-at-age and its expected
value for species i.

The above formulation can be used to include information on the age-structure of the
discarded catch in the objective function.

4.3.4 Catch-at-length data

The contribution of the catch-at-length data to the objective function is either based on
the assumption that the catch proportions-at-length are multinomially distributed
(Equation 26a) or log-normally distributed (Equation 26b), i.e.:

_ZZZNIAfIandZ |Aflandobs€n( |Af/p|AfIand0bs) (263)

L = A f i, A fland,obs ; _i,Af\2
4 ]+( ) (o}t 1p\%")

ZZZZ fn[O'lAland |Af) nl2

Z(O_l,A,Iand) (26b)
where pp " s the observed fraction of the landed catch of species i by fleet f in
region A that is in length-class L,
p'yﬁf is model-estimate of the fraction of the landed catch of species i by
fleet f in region A that is in length-class L :
p)i/,yAI:,f — ZClyglf /ch A, f
where the summations of over age and growth group are restricted
so that ' is in length-class L,
Cyal is the model-estimate of the landed catch of animals by fleet f of
species i and age a in growth-group | and region A during year y:
C;,I:::( D;,f)pyAfSII__”lfklAlelA —M /2 (27)
ﬁ;*A'f"a”d is effective sample size for species i, region A, fleet f and year y,
o is overall coefficient of variation of the catch-at-length data for

species i, fleet f and region A, and
7t is a parameter that determines the relationship between the

coefficient of variation of a proportion-at-length and its expected
value for species i.

The above formulation can be used to include information on the length-structure of the
discarded catch in the objective function.
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4.3.5 The penalty on the recruitment residuals
The penalty placed on the recruitment residuals is based on the assumption that
deviations about the stock-recruitment relationship are log-normally distributed:

28
= oy ) (29)

4.3.6 The penalty on the 1985 depletion
The penalty placed on the model-estimate of the depletion of the spawning biomass in
1985 when scenarios involving pre-specified values for this depletion are considered is:

L
2 O'éi

L= Bl /Bl) (29)

init

(D

where D, isthe pre-specified depletion of the spawning biomass in 1985, and

op,  Isthe parameter that determines the magnitude of the penalty.

4.3.7 Specifying the initial state of the system

Punt et al. (2001a) began their population projections in 1958 and assumed that the
biomass of each species was at its pre-exploitation equilibrium level at that time. This is
clearly an unrealistic assumption for the species to be considered in this report because:
(a) reliable estimates of the catches prior to 1985 are not available for most of them, and
(b) it is well-known that some of these species (e.g. tiger flathead) were fished well
before 1957.

Therefore, instead of making the assumption of an unfished population at some point in
time, the first year of the population projection is assumed instead to be 1985 and that the
population was in equilibrium but with an age-structure that depends on an “initial level
of fishing”, i.e. for the case of one growth-group and region:

1 ifa=0
N;/o,a = N;/ a1€ _Z;H ifl<a<x (30)
N'y Y o /(1_e—2i) if a=x

where 2; is the total mortality on animals of age a and species i prior to 1985:

Zi=>SiTFM pif + M) (31)
f a
F"" s fishing mortality by fleet f on species i prior to 1985.

The virgin stock size in Equation (29) represents the population size to which the stock
would recover on average if all exploitation ceased. It may differ from the original pre-
exploitation stock size for a variety of reasons including changes in overall species
composition and in the environment. This virgin stock size may not be consistent with the
estimates of historical (i.e. pre-1985) removals due to the impact of (unknown and now
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unknowable) changes in the environment and the impact of errors when reporting and
recording catches. Estimating the pre-exploitation population size by back-projecting
from the population size in 1985 is therefore subject to considerable uncertainty. For
example, temporally-correlated environmental factors appear to have resulted in cyclic-
like behaviour in catches of flathead.

5. SOFTWARE DESIGN

The code used to implement the specifications was designed using object-oriented
methods. This approach to software design should make it relatively straightforward for
others to modify the software (e.g. add additional components to the operating model /
expand the set of harvest strategies). The computer program used to implement the
operating model was coded in C++ and the AD Model Builder package was used to
condition the operating model.

6. OUTCOMES AND PROBLEMS ENCOUNTERED

Although this study ultimately failed to achieve its objectives due to technical difficulties,
attempts to address these difficulties led to a thorough examination of two questions
which will need to be addressed if future work along these lines is to be attempted and
which have a bearing on how future stock assessments are conducted: (a) how to handle
multiple fleets and consequently gear competition, and (b) how to parameterize a model
in terms of the depletion in the first year of the population projection and so that the
objective function remains differentiable with respect to all of the model parameters.
These two issues are addressed further below.

6.1 Multiple fleets and gear-competition

It is self-evident that if the selectivity patterns for two fleets which fish the same area
overlap there must be some form of “gear competition”. This competition can be included
straightforwardly if fishing is assumed to occur continuously throughout the year
(Murawski, 1984; Pikitch, 1987). However, implementing the assumption that the fishery
operates continuously throughout the year would lead to a substantial increase in the
number of estimable parameters (i.e. the fishing mortalities for each combination of
species, fleet, region and year would need to be treated as estimable parameters). This
would have lead to prohibitive computational requirements. Unfortunately, the alternative
of simply treating each fleet as being independent of all the others can lead to the model
predicting that more than all of the animals in an age-class are caught even when the
fishing mortality on other age-classes is relatively low.

There are several ways to attempt to overcome this problem:

A) Ignore it, by including a constraint when conditioning the operating model that no
age-class be rendered extinct at any time during the historical projection period by
adding an extra penalty to the objective function. This approach risks creating a
positive bias in population size estimation when there is an age-class that is highly
selected by several fleets.

B) Use the approach outlined in Appendix D. This approach overcomes the problem
of ‘gear-competition’ by partitioning each age-class among the various fleets.

However, it requires that pyf,a (see Equation D.9) be defined. Unfortunately, there
is no obviously way to define pyf,a so that simultaneously (a) the sum over fleets
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C) of the catch-in-mass is the catch-in-mass for all fleets combined, and (b) there is
an analytical solution for kyf in Equation D.10.

D) Assume that each fleet operates sequentially (i.e. the catch by fleet 1 is removed,
followed by that of fleet 2, etc. - this is the approach used when conducting
assessments of shark species off southern Australia (e.g. Punt et al., 2000)). The
disadvantage of this method is that if fishing mortality by one fleet is high on one
age-class, the catch of that age-class by fleets that occur “after” it may be
unrealistically low.

6.2 Conditioning the operating model

A single-species, single-region version of the operating model was fitted to the data for
tiger flathead (see Table 2 for an overview of the data included in this exercise). The
approach to dealing with gear-competition was A) above because the fishing mortality is
never very high on any one age-class. The results of this application (Cui et al., 2003) are
not provided in this report. Interested readers can consult Smith et al. (2003) which
contains the extension to this analysis which now forms the basis for the actual stock
assessment of tiger flathead.

Fitting the operating model to the data for tiger flathead highlighted a number of
difficulties in addition to the problem of gear competition identified above:

e The approach used to estimate the age-structure at the start of 1985 involved
satisfying a constraint related to the state of the population relative to the unfished

state in order to develop different scenarios regarding the ratio Bl /B. (see

Equation 29). However, the ability to find the set of parameters which minimize
Equation 20 for which the Hessian matrix is positive definite depends on the

choice of the parameterization of the model (e.g. should the value of F'. be

init

solved for numerically on each function call or should F' be treated as an

init
estimable parameter and an additional penalty term added).
e Parameterizing the matrix X, (see Equation 3) is very non-trivial. It is clear that

the model will be over-parameterized if all of the entries in the matrix X, are

treated as “free” parameters of the operating model. The solution to this problem
is to impose some structure on the entries in this matrix (as has been done for the
assessments of blue grenadier (Macruronus novaezelandiae) in New Zealand
(Francis et al., 2002) and of school shark (Galeorhinus galeus) in Australia (Punt
et al., 2000)). However, there is currently insufficient information for the species
considered in this report to select a plausible parameterization for the matrix X, .

Fitting the model to the data for tiger flathead highlighted a potential conflict between
having growth-groups (see Equation 1) and fitting to actual length-frequency data.
Unfortunately, it can (and did) arise that the match between the length-classes for which
length-frequency data are available and those which are implied by the growth groups
was poor. This led, for example, to predictions of zero catch for some length-classes for
which the actual data suggest that there was some catch. This behaviour is very strongly
penalized by objective functions such as Equation 26. Growth groups have been
successfully included in operating models for other species (for example, the ELF
simulation model — Mapstone et al. (in press), and the model used to test alternative
indicators for swordfish - Punt et al. (2001d)). However, the operating model was not
fitted to actual length-frequency data in these more successful cases. This problem could
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be overcome to replacing the growth-group structure by one in which a length-transition
matrix is used to predict the length-structure of the catch. This approach has been used
successfully in assessments of several species in Australia and elsewhere (e.g. Smith and
Punt (1998); lanelli et al. (2000); Cope et al. (in press)).

7. FURTHER DEVELOPMENT

1)

2)

3)

The approach to dealing with ‘gear competition’ can have a major impact on the
results of attempts to condition an operating model and on the results of actual
stock assessments based on the Integrated Analysis paradigm when the operating
model and assessment are based on a first-order Taylor series approximation to
the continuous catch equation. Preliminary analysis (not shown in this report)
indicates that the estimates of exploitable biomass can vary substantially
depending on how the parameters related to the expected proportion of each age-
class available to each fleet is modelled. Future research should be focussed on
using Monte Carlo simulation to examine the likely magnitude of any bias arising

from an inappropriate selection of a functional form for pyf'a (Appendix D) and

hence on how to select the most appropriate functional form for this quantity. The
simulations would be based on the continuous multi-fleet catch equation and the
models used for estimation purposes on each of the alternatives identified in
Section 6.1.

All current Integrated Analysis assessments in Australia are based on
approximating the continuous (and multi-fleet) catch equation by a first-order
Taylor series approximation. This is primarily because this assumption avoids the
needs for iterative methods to solve the catch equation. This is, however, not the
only possible assumption and alternative assumptions may perform better. For
example, it is possible to approximate the catch equation by a second-order
Taylor series approximation (G. Stefansson, University of Iceland, pers. commn)
or to use a Runga-Kutta integration method. To date, no attempts have been made
to base Integrated Analysis assessments on second- or higher order
approximations to the catch equation.

The attempts to condition the operating model were largely unsuccessful.
However, the operating model considered for this report did not include all of the
sources of process error included in the operating model developed by Punt et al.
(2001a) [which was not fitted formally to the actual data for the species
considered in that report unlike the aim of the analyses of this report]. In
particular several of the sources of process errors (e.g. variability over time in
natural mortality and selectivity) and spatial and temporal correlation in the
recruitment residuals are not included in the operating model outlined in Section
4.1 of this report. Future research should consider basing the operating model
projections on the results of Bayesian analyses as these have been shown to be
able to capture several sources for process error simultaneously (e.g. lanelli et al.,
2000; Butterworth et al., 2003).



24

8. ACKNOWLEDGEMENTS

Matt Koopman (MAFRI) is thanked for supplying the biological information and fishery
data for tiger flathead. Natalie Dowling, Sally Wayte and Ross Daley (CSIRO Marine
Research) are thanked respectively for help with catch-effort standardization, database
assistance and genetic information for flathead. The participants at the July 2003 flathead
workshop in Eden are thanked for their comments on the preliminary version of the
flathead assessment.

9. REFERENCES

Allen, K.R., and W.S. Hearn. 1989. Some procedures for use in cohort analysis and other
population simulations. Can. J. Fish. Aquat. Sci. 46: 483-488.

Anon. 1998. AFMA Annual Report 1997-98. Australian Fisheries Management
Authority, Canberra.

Bergh, M.O. and D.S. Butterworth. 1987. Towards rational harvesting of the South
African anchocy considering survey imprecision and recruitment variability. S. Afr. J.
Mar. Sci. 9: 937-951.

Beverton, R.J.H. and S.J. Holt 1957. On the Dynamics of Exploited Fish Populations.
HMSO, London.

Butterworth, D.S. and A.E. Punt. 1999. Experiences in the evaluation and implementation
of management procedures. ICES J. Mar. Sci. 56: 985-998.

Butterworth, D.S., K.L. Cochrane, and J.A.A. De Oliveira. 1997. Management
procedures: A better way to manage fisheries? The South African experience. p. 83—
90. In: E. Pikitch, D.D. Huppert, and M.P. Sissenwine [Ed.] Global Trends: Fisheries
Management.

Butterworth, D.S., J.N. lanelli, and R. Hilborn. 2003. A statistical model for stock
assessment of southern bluefin tuna with temporal changes in selectivity. Afr. J. Mar.
Sci. 25: 331-361.

Chorin, A.K. 1967. A numerical method for solving incompressible viscous flow
problems. J. Comp. Physics 2: 12-16.

Cochrane, K.L., D.S. Butterworth, J.A.A. De Oliveira, and B.A. Roel. 1998. Management
procedures in a fishery based on highly variable stocks and with conflicting
objectives: Experiences in the South African pelagic fishery. Rev. Fish. Biol. Fish. 8:
177-214.

Cooke, J.G. 1999. Improvement of fishery-management advice through simulation
testing of harvest algorithms. ICES J. Mar. Sci. 56: 797-810.

Cope, J.M., K. Piner, C.V. Minte-Vera, and A.E. Punt. In press. Status and future
prospects for the cabezon. (Scorpaenichthys marmoratus) as assessed in 2003. Pacific
Fishery Management Council, 7700 Ambassador Place NE, Suite 200, Portland, OR.

Cui, G., A.D.M. Smith, and I. Knuckey, 2003. Quantitative stock assessment for the tiger
flathead, Flatthead Workshop, July 2003, Eden, Australia.

Cui, G. 1993. Applications of Particle and Fractional Step Methods. MAppSc thesis,
Swinburne University of Technology, Melbourne, Australia.

Donovan, G.P. 1989. The Comprehensive Assessment of Whale Stocks: The Early Years.
Rep. int. Whal. Commn (Special Issue 11).

Easton, A.K., M. Singh, and G. Cui. 1997. Solutions of two-species reaction-diffusion
systems. Canadian Applied Mathematics Quarterly 5(4).

Fournier, D. and C.P. Archibald. 1982. A general theory for analyzing catch at age data.
Can. J. Fish. Aquat. Sci. 39: 1195-1207.



25

Francis, R.I1.C.C. 1992. Use of risk analysis to assess fishery management strategies: a
case study using orange roughy (Hoplostethus atlanticus) on the Chatham Rise, New
Zealand. Can. J. Fish. Aquat. Sci. 49: 922-930.

Francis, R.I.C.C. and R. Shotton. 1997. “Risk” in fisheries management: A review. Can.
J. Fish. Aquat. Sci. 54: 1699-1715.

Francis, R.I.C.C., P.L. Cordue, and V. Haist. 2002. Review of the 2001 hoki stock
assessment. NZ Fish. Ass. Rep. 2002/42.

Geromont, H.F., JA.A. De Oliveira, S.J. Johnson and C.L. Cunningham. 1999.
Development and application of management procedures for fisheries in southern
Africa. ICES J. Mar. Sci. 56: 952-966.

Hilborn, R. 1979. Comparison of fisheries control systems that utilize catch and effort
data. J. Fish. Res. Board Can. 36: 1477-14809.

lanelli, J.N., M. Wilkins, and S. Harley. 2000. Status and future prospects for the Pacific
Ocean perch resources in waters off Washington and Oregon as assessed in 2000. In:
Appendix to the Status of the Pacific Coast Groundfish Fishery through 2000 and
Recommended Acceptable Biological catches for 2001 Stock Assessment and Fishery
Evaluation, Pacific Fishery Management Council, Portland, OR.

Liermann, M. and R. Hilborn. 1997. Depensation in fish stocks: a hierarchic Bayesian
meta-analysis. Can. J. Fish. Aquat. Sci. 54: 1976-1984.

Mapstone, B.D., C.R. Davies, L.R. Little, A.E. Punt, A.D.M. Smith, F. Pantus, D.C. Lou,
AJ. Williams, A. Jones, G.R. Russ, and A.D. MacDonald. In press. The effects of
line fishing on the Great Barrier Reef and evaluation of altermative potential
management strategies. Report of FRDC 97/124. CRC Reef Research, Townsville.

Methot, R.D. 1990. Synthesis model: an adaptable framework for analysis of diverse
stock assessment data. Bulletin of the International North Pacific Fisheries
Commission. 50: 259-277.

Methot, R.D. 2000. Technical Description of the Stock Synthesis Assessment Program.
U.S. Dep. Commer, NOAA Tech. Memo., NMFS-NWFSC-43.

Murawski, S.A. 1996. Factors influencing by-catch and discard rates: analyses from
multispecies/multifishery sea sampling. J. Northw. Atl. Fish. Sci. 19:31-39.

Patterson, K., R. Cook, C. Darby, S. Gavaris, L. Kell, P. Lewy, B. Mesnil, A. Punt, V.
Restrepo, D.W. Skagen, and G. Stefansson. 2001. Estimating uncertainty in fish stock
assessment and forecasting. Fish and Fisheries. 2: 125-157.

Pikitch, E.K. 1987. Use of a mixed-species yield-per-recruit model to explore the
consequences of various management policies for the Oregon flatfish fishery. Can. J.
Fish. Aquat. Sci 44 (Supl. 2): 349-359.

Pope, J.G. 1972. An investigation of the accuracy of virtual population analysis using
cohort analysis. Res. Bull. Int. Comm. Northw. Atl. Fish. 9: 65-74.

Punt, A.E. 1998. Specifications related to the key uncertainties that need to be considered
in the 1998 assessment of the eastern stock of gemfish. Document submitted to the 18
- 19 August 1998 meeting of EGAG. Australian Fisheries Management Authority,
Canberra.

Punt, A.E. 2000. An assessment of blue warehou for 2000 based on integrated analysis.
Document submitted to the 22-23 May 2000 meeting of BWAG.

Punt, A.E. and R. Hilborn. 1997. Fisheries stock assessment and decision analysis: A
review of the Bayesian approach. Rev. Fish. Biol. Fish. 7: 35-63.

Punt, A.E. and D.C. Smith. 2001. Assessments of species in the Australian South East
Fishery can be sensitive to the method used to convert from size- to age-composition
data. Mar. Fresh. Res. 52: 683-690.



26

Punt, A.E., F. Pribac, T.l. Walker, B.L. Taylor, and J.D. Prince. 2000. Stock assessment
of school shark Galeorhinus galeus based on a spatially-explicit population dynamics
model. Mar. Freshw. Res. 51: 205-220.

Punt, A.E., G. Cui, and A.D.M. Smith. 2001a. Defining robust harvest strategies,
performance indicators and monitoring strategies for the SEF. Report of FRDC
98/102. CSIRO Marine Research, Hobart.

Punt, A.E., D.C. Smith, R.B. Thomson, M. Haddon, X. He, and J.M. Lyle. 2001b. Stock
assessment of the blue grenadier Macruronus novaezelandiae resource off south-
eastern Australia. Mar. Freshw. Res. 52: 701-717.

Punt, A.E., A.D.M. Smith, and G. Cui. 2001c. Review of progress in the introduction of
management strategy evaluation (MSE) approaches in Australia’s South East Fishery.
Mar. Freshw. Res. 52: 719-726.

Punt, A.E., R. Campbell, and A.D.M. Smith. 2001d. Evaluating empirical indicators and
reference points for fisheries management: Application to the broadbill swordfish
fishery off Eastern Australia. Mar. Freshw. Res. 52: 819-832.

Punt, A.E., A.D.M. Smith, and G. Cui. 2002a. Evaluation of management tools for
Australia’s South East Fishery. 1. Modelling the South East Fishery taking account of
technical interactions. Mar. Freshw. Res. 53: 615-629.

Punt, A.E., A.D.M. Smith, and G. Cui. 2002b. Evaluation of management tools for
Australia’s South East Fishery. 2. How well do commonly-used stock assessment
methods perform? Mar. Freshw. Res. 53: 631-644.

Rosenberg, A.A. and S. Brault. 1993. Choosing a management strategy for stock
rebuilding when control is uncertain. p. 243-249. In: S.J. Smith, J.J. Hunt, and D.
Rivard [Ed.] Risk evaluation and biological reference points for fisheries
management. Can. J. Fish. Aquat. Sci. Spec. Publ. 120.

Smith, A.D.M. 1994. Management Strategy Evaluation — The Light on the Hill. p. 249-
253. In: D.A. Hancock [Ed.] Population dynamics for fisheries management.
Australian Society for Fish Biology Workshop Proceedings, Perth 24-25 August
1993, Australian Society for Fish Biology, Perth.

Smith, A.D.M. and A.E. Punt. 1998. Stock assessment of gemfish (Rexea solandri) in
eastern Australia using maximum likelihood and Bayesian methods. p. 245-286. In:
T.J. Quinn 1I, F. Funk, J. Heifetz, J.N. lanelli, J.E. Powers, J.F. Schweigert, P.J.
Sullivan, and C-I Zhang [Ed.] Fisheries Stock Assessment Models, Alaska Sea Grant
College Program, AK-SG-98-01.

Smith, A.D.M. and S.E. Wayte (Eds). 2002. The South East Fishery 2002. Fishery
Assessment Report compiled by the South East Fishery Assessment Group.
Australian Fisheries Management Authority, Canberra.



27

Smith, A.D.N., G. Tuck, and F. Pribac. 2003. Stock assessment for South East and
Southern Shark Fishery species. Progress Report to FRDC for Project No. 2001/005.

Southward, G.M. 1968. A simulation of management strategies in the Pacific Halibut
fishery. Int. Pac. Halibut Comm Sci. Rept. 47: 1-70.

Yanenko, N.N. 1971. The Method of Fractional Steps. Springer-Verlag, New York.



Table 1. The parameters of the population dynamics model
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Parameter

Treatment

First year considered in the model, yo

Pre-specified

Natural mortality by species and age, M

Pre-specified

Extent of variability in movement, o,

Pre-specified

Maximum age-class, x

Pre-specified

Spatial distribution of births, 7"

Pre-specified

Average movement parameters, X

Estimated?

Proportion mature at length, m‘E

Auxiliary analyses

Extent of variability in recruitment, o

Pre-specified

Recruitment residuals, & ,

Estimated

Pre-exploitation equilibrium biomass, B,

Estimated

Steepness, h'

Pre-specified

Parameter determining depensation, @'

Pre-specified

Growth parameters, L', L', w', e}, "', t}

Auxiliary analyses

Availability proportions, p;5' Setto 1°
Length-at-50%-selectivity, Ly Estimated
Length-at-95%-selectivity, L. Estimated

Discard selectivity-related parameters, ¢°', L2, 5°" Auxiliary analyses
Expected amount of quota-related discarding, D"’ Pre-specified
Extent of variability in quota-related discarding, o Pre-specified
Extent of increase in efficiency over time, 4 Pre-specified
Exploitation rate in the year yo, ., Estimated

a — see Section 6.2 for more details
b — see Section 6.1 for additional details



Table 2. Data sources included when modelling tiger flathead.
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Data Source Fleet
Otter trawl Danish seine

Catch SEF1 1985-2002 1985-2002
Discard ratio Onboard Monitoring 1992-2002 1994-95, 1998-2002
Catch rate SEF1 1985-2002 1985-2003
Age-composition data

Landed CAF, ISMP 1991-2002 1991-2002

Discarded - - -
Length-frequency data

Landed ISMP 1991-2002 1992, 1994-2002

Discarded Onboard Monitoring 1992-2002 1993-95, 1998-2002
Age-length keys CAF, ISMP 1991-2002 1991-2002
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Appendix A : Intellectual Property

No intellectual property has arisen from the project that is likely to lead to significant
commercial benefits, patents or licences. Any intellectual property associated with this
project will be shared 75.77 : 24.33 between the Fisheries Research and Development
Corporation and CSIRO Marine Research.
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Anthony D.M. Smith Project Leader, CMR 15%
Peter Cui Modeller, CMR 100%
André E. Punt Senior Research Scientist, CMR 5%
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Appendix C : The parameterisation of the stock-recruitment relationship

The parameters of the stock-recruitment relationship are o, p and y (Equation 4). The
values for these parameters are determined from B, (the pre-exploitation equilibrium

spawner biomass), the steepness of the stock-recruitment relationship, h, and the ratio of
the 0-year-class strength at 10% of the pre-exploitation equilibrium biomass to that
expected had the stock-recruitment relationship been of the Beverton-Holt form with the
same steepness and pre-exploitation equilibrium biomass, , i.e.:

1 02 or  _ 01
RO = ; hRO = ; :q - -
a+fp a+ 02 a+p0Y a+p01

(C.1)

where R, is the expected 0-year-class strength at I§0, and

a,p are the parameters of the Beverton-Holt stock-recruitment relationship
when steepness equals h and the pre-exploitation equilibrium biomass
equals B, .

Now, the first two equations can be solved for o and p3:

0.27(1-h h—0.2"
- 2D D2 c2)
hR,(1-0.2") hR,(1-0.2")
The values for  and £ are found by setting y=1 in Equation (C.2).
Now, the third part of equation (C.1) can be rewritten as:
. 0V (¢ +p01
q= (@ +f0.1) (C.3)
0.1(ae+ p0.1)
which simplifies to:
- 1.8—h)(1-0.2
g-__8-n(@-02) 4

0.8(2 (1—h)+h—0.2")

Equation (C.4) is independent of R, and |§0, and can be solved for y given values for h
and ¢ .
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Appendix D : One approach to dealing with gear competition

Many of the assessments based on the Integrated Analysis approach to fisheries stock
assessment involve approximating the Baranov catch equation by the first order Taylor
Series approximation of Pope (1972) or the more accurate approximation derived by
Allen and Hearn (1989). However, both of these approximations were derived for the
catch by a single fleet of a single age-class. The extension of these approximations to the
catch over several age-classes by a single fleet is straightforward but that to multiple
fleets and ages simultaneously leads to problems owing to the impact of *“gear
competition”.

The derivation below is based on a situation in which a single stock of a given species is
found in a region. Information is available on the total catch (over several age-classes) by
each fleet.

1) Total population

Consider the case of a single age-class when the catch of that age-class is known. By
definition, the total catch is the sum over all fleets of the catch by fleet. Given the
population dynamic equation:

AN _dNF L ANE N M) (D.1)
dt  dt|. dt],
where F is the total annual instantaneous rate of fishing mortality, and
M is the instantaneous rate of natural mortality.

and applying the operator splitting method (Yanenko, 1971; Chorin, 1967; Cui, 1993;
Easton et al., 1997), leads to the following first order approximation to the solution of
Equation (D.1):

N = Ny+1/2(l_ Fy): Ny(l_ Fy)eiM (D2)

y+1

Now, consider the case in where there are multiple fleets (or even multiple fishers)
harvesting the age-class under consideration. By definition, each fleet can only take a

fraction of the total population. If the fraction of the catch taken by fleet fis p" (where,
by definition, z p' =1), then the fishing mortality by fleet f is:
f

Fl=p'F (D.3)
Substituting Equation (D.3) into Equation (D.1) leads to:

(L_T:_(plF+ pZF +)N —NM :—FNZ pf —NM :—N(F+M) (D4)
f

The first-order approximation to the catch (in numbers) by fleet f is then:
C, =N, p, F e™ (D.5)
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2) Age-specific dynamics
Equations (D.1) — (D.4) can be extended to be specifically age-structured, i.e.:

dN, .
d_::’*: _(Fy,a . p;a + Fy‘a . p;a +...+M )Ny,a
= _(Fy,az p;,a +M )Ny,a (D.6)
f
=_(Fy,a+M)Ny,a

Applying the operator splitting method to Equation (D.6) leads to

N

y+la+l — Ny,a (1_ Fy,a) e_M (D7)
so that the catch (in mass) by fleet f of fish of age a during year y is:
Cl.=w,F,,pj.N, e"=wF,,N, e (D.8)

a

Now, assuming that Fyfa can be decomposed into the product of three factors:
f f f f
Fra=Ky PyaSa (D.9)

leads to the following equation for the total (i.e. aggregated over ages) catch (in mass)
during year y by fleet f:

C, =k, >w, p,,SI N, e (D.10)
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